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Scopes 
Study areas include cell biology, genomics, microbiology, immunology, molecular biology, 
biochemistry, embryology, immunogenetics, cell and tissue culture, molecular ecology, genetic 
engineering and biological engineering, bioremediation and biodegradation, bioinformatics, 
biotechnology regulations, gene therapy, organismal biology, microbial and environmental 
biotechnology, marine sciences. The JJBS welcomes the submission of manuscript that meets the 
general criteria of significance and academic excellence. All articles published in JJBS are peer-
reviewed. Papers will be published approximately one to two months after acceptance. 
Type of Papers 
The journal publishes high-quality original scientific papers, short communications, correspondence 
and case studies. Review articles are usually by invitation only. However, Review articles of current 
interest and high standard will be considered. 
Submission of Manuscript 
Manuscript, or the essence of their content, must be previously unpublished and should not be under 
simultaneous consideration by another journal. The authors should also declare if any similar work has 
been submitted to or published by another journal. They should also declare that it has not been 
submitted/ published elsewhere in the same form, in English or in any other language, without the 
written consent of the Publisher. The authors should also declare that the paper is the original work of 
the author(s) and not copied (in whole or in part) from any other work. All papers will be automatically 
checked for duplicate publication and plagiarism. If detected, appropriate action will be taken in 
accordance with International Ethical Guideline. By virtue of the submitted manuscript, the 
corresponding author acknowledges that all the co-authors have seen and approved the final version of 
the manuscript. The corresponding author should provide all co-authors with information regarding the 
manuscript, and obtain their approval before submitting any revisions. Electronic submission of 
manuscripts is strongly recommended, provided that the text, tables and figures are included in a single 
Microsoft Word file. Submit manuscript as e-mail attachment to the Editorial Office at: 
JJBS@hu.edu.jo. After submission, a manuscript number will be communicated to the corresponding 
author within 48 hours. 
Peer-review Process  
It is requested to submit, with the manuscript, the names, addresses and e-mail addresses of at least 4 
potential reviewers. It is the sole right of the editor to decide whether or not the suggested reviewers to 
be used. The reviewers’ comments will be sent to authors within 6-8 weeks after submission. 
Manuscripts and figures for review will not be returned to authors whether the editorial decision is to 
accept, revise, or reject. All Case Reports and Short Communication must include at least one table 
and/ or one figure. 
Preparation of Manuscript  
The manuscript should be written in English with simple lay out. The text should be prepared in single 
column format. Bold face, italics, subscripts, superscripts etc. can be used. Pages should be numbered 
consecutively, beginning with the title page and continuing through the last page of typewritten 
material. 
The text can be divided into numbered sections with brief headings. Starting from introduction with 
section 1. Subsections should be numbered (for example 2.1 (then 2.1.1, 2.1.2, 2.2, etc.), up to three 
levels. Manuscripts in general should be organized in the following manner:  
Title Page 
The title page should contain a brief title, correct first name, middle initial and family name of each 
author and name and address of the department(s) and institution(s) from where the research was 
carried out for each author. The title should be without any abbreviations and it should enlighten the 
contents of the paper. All affiliations should be provided with a lower-case superscript number  just 
after the author's name and in front of the appropriate address.  
The name of the corresponding author should be indicated along with telephone and fax numbers (with 
country and area code) along with full postal address and e-mail address.  
 
 



Abstract 
 The abstract should be concise and informative. It should not exceed 350 words in length for full 
manuscript and Review article and 150 words in case of Case Report and/ or Short Communication. It 
should briefly describe the purpose of the work, techniques and methods used, major findings with 
important data and conclusions. No references should be cited in this part. Generally non-standard 
abbreviations should not be used, if necessary they should be clearly defined in the abstract, at first use. 
Keywords  
Immediately after the abstract, about 4-8 keywords should be given.  Use of abbreviations should be 
avoided, only standard abbreviations, well known in the established area may be used, if appropriate. 
These keywords will be used for indexing. 
Abbreviations 
Non-standard abbreviations should be listed and full form of each abbreviation should be given in 
parentheses at first use in the text. 

Introduction  
Provide a factual background, clearly defined problem, proposed solution, a brief literature survey and 
the scope and justification of the work done.   
Materials and Methods 
Give adequate information to allow the experiment to be reproduced.  Already published methods 
should be mentioned with references. Significant modifications of published methods and new methods 
should be described in detail. Capitalize trade names and include the manufacturer’s name and address. 
Subheading should be used.  
Results  
Results should be clearly described in a concise manner. Results for different parameters should be 
described under subheadings or in separate paragraph. Results should be explained, but largely without 
referring to the literature. Table or figure numbers should be mentioned in parentheses for better 
understanding.  
Discussion 
The discussion should not repeat the results, but provide detailed interpretation of data. This should 
interpret the significance of the findings of the work. Citations should be given in support of the 
findings. The results and discussion part can also be described as separate, if appropriate. The Results 
and Discussion sections can include subheadings, and when appropriate, both sections can be combined 
Conclusions 
This should briefly state the major findings of the study.   
Acknowledgment  
A brief acknowledgment section may be given after the conclusion section just before the references. 
The acknowledgment of people who provided assistance in manuscript preparation, funding for 
research, etc. should be listed in this section. 
 Tables and Figures 
Tables and figures should be presented as per their appearance in the text. It is suggested that the 
discussion about the tables and figures should appear in the text before the appearance of the respective 
tables and figures. No tables or figures should be given without discussion or reference inside the text. 
Tables should be explanatory enough to be understandable without any text reference. Double spacing 
should be maintained throughout the table, including table headings and footnotes. Table headings 
should be placed above the table. Footnotes should be placed below the table with superscript 
lowercase letters. Each table should be on a separate page, numbered consecutively in Arabic numerals.    
Each figure should have a ca ption. The caption should be concise and typed separately, not on the 
figure area. Figures should be self-explanatory. Information presented in the figure should not be 
repeated in the table. All symbols and abbreviations used in the illustrations should be defined clearly. 
Figure legends should be given below the figures.  
 
 



References  
References should be listed alphabetically at the end of the manuscript. Every reference referred in the 
text must be also present in the reference list and vice versa. In the text, a reference identified by means 
of an author’s name should be followed by the year of publication in parentheses ( e.g.( Brown,2009)). 
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Hilly, (2002a, 2002b); Hilly, and Nelson, (2004). Articles in preparation or submitted for publication, 
unpublished observations, personal communications, etc. should not be included in the reference list 
but should only be mentioned in the article text ( e.g., Shtyawy,A., University of Jordan, personal 
communication).  Journal titles should be abbreviated according to the system adopted in Biological 
Abstract and Index Medicus, if not included in Biological Abstract or Index Medicus journal title 
should be given in full. The author is responsible for the sccuracy and completeness of the references 
and for their correct textual citation. Failure to do so may result in the paper being withdraw from the 
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Math formulae  
All equations referred to in the text should be numbered serially at the right-hand side in parentheses. 
Meaning of all symbols should be given immediately after the equation at first use. Instead of root 
signs fractional powers should be used. Subscripts and  superscripts should be presented clearly. 
Variables should be presented in italics. Greek letters and non-Roman symbols should be described in 
the margin at their first use.  
To avoid any misunderstanding zero (0) and the letter O, and one (1) and the letter l should be clearly 
differentiated. For simple fractions use of the solidus (/) instead of a horizontal line is recommended.  
Levels of statistical significance such as: *P <0.05, **P <0.01 and ***P <0.001 do not require any further 
explanation. 
Copyright  
Submission of a manuscript clearly indicates that: the study has not been published before or is not 
under consideration for publication elsewhere (except as an abstract or as part of a published lecture or 
academic thesis); its publication is permitted by all authors and after accepted for publication it will not 
be submitted for publication anywhere else, in English or in any other language, without the written 
approval of the copyright-holder. The journal may consider manuscripts that are translations of articles 
originally published in another language. In this case, the consent of the journal in which the article 
was originally published must be obtained and the fact that the article has already been published must 
be made clear on submission and stated in the abstract. It is compulsory for the authors to ensure that 
no material submitted as part of a manuscript infringes existing copyrights, or the rights of a third 
party.  
Ethical Consent 
All manuscripts reporting the results of experimental investigation involving human subjects should 
include a s tatement confirming that each subject or subject's guardian obtains an informed consent, 
after the approval of the experimental protocol by a l ocal human ethics committee or IRB. When 
reporting experiments on animals, authors should indicate whether the institutional and national guide 
for the care and use of laboratory animals was followed.  
Plagiarism 
The JJBS hold no responsibility for plagiarism. If a published paper is found later to be extensively 
plagiarized and is found to be a d uplicate or redundant publication, a note of retraction will be 
published, and copies of the correspondence will be sent to the authors’ head of institute. 
Galley Proofs  
The Editorial Office will send proofs of the manuscript to the corresponding author as an e-mail 
attachment for final proof reading and it will be the responsibility of the corresponding author to return 
the galley proof materials appropriately corrected within the stipulated time. Authors will be asked to 
check any typographical or minor clerical errors in the manuscript at this stage. No other major 
alteration in the manuscript is allowed. After publication authors can freely access the full text of the 
article as well as can download and print the PDF file. 
Publication Charges 
There are no page charges for publication in Jordan Journal of Biological Sciences, except for color 
illustrations,  
 Reprints 
Ten (10) reprints are provided to corresponding author free of charge within two weeks after the 
printed journal date. For orders of more reprints, a reprint order form and prices will be sent with 
article proofs, which should be returned directly to the Editor for processing.  
Disclaimer 
Articles, communication, or editorials published by JJBS represent the sole opinions of the authors. 
The publisher shoulders no responsibility or liability what so ever for the use or misuse of the 
information published by JJBS. 
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EDITORIAL PREFACE 
 
Jordan Journal of Biological Sciences (JJBS) is a refereed, quarterly international 
journal financed by the Scientific Research and Innovation Support Fund, Ministry of 
Higher Education and Scientific Research in cooperation with the Hashemite 
University, Jordan. JJBS celebrated its 12th commencement this past January, 2020. 
JJBS was founded in 2008 to create a peer-reviewed journal that publishes high-
quality research articles, reviews and short communications on novel and innovative 
aspects of a wide variety of biological sciences such as cell biology, developmental 
biology, structural biology, microbiology, entomology, molecular biology, 
biochemistry, medical biotechnology, biodiversity, ecology, marine biology, plant and 
animal biology, plant and animal physiology, genomics and bioinformatics.  
 
We have watched the growth and success of JJBS over the years. JJBS has published 
11 volumes, 45 issues and 479 articles. JJBS has been indexed by SCOPUS, CABI’s 
Full-Text Repository, EBSCO, Clarivate Analytics- Zoological Record and recently 
has been included in the UGC India approved journals. JJBS Cite Score has improved 
from 0.18 in 2015 to 0.7 in 2019 (Last updated on 1 March, 2021) and with Scimago 
Institution Ranking ( SJR) 0.18 (Q3) in 2019. 
 
A group of highly valuable scholars have agreed to serve on the editorial board and 
this places JJBS in a position of most authoritative on biological sciences. I am 
honored to have six eminent associate editors from various countries. I am also 
delighted with our group of international advisory board members coming from 15 
countries worldwide for their continuous support of JJBS. With our editorial board's 
cumulative experience in various fields of biological sciences, this journal brings a 
substantial representation of biological sciences in different disciplines. Without the 
service and dedication of our editorial; associate editorial and international advisory 
board members, JJBS would have never existed. 
 
In the coming year, we hope that JJBS will be indexed in Clarivate Analytics and 
MEDLINE (the U.S. National Library of Medicine database) and others. As you read 
throughout this volume of JJBS, I would like to remind you that the success of our 
journal depends on the number of quality articles submitted for review. Accordingly, I 
would like to request your participation and colleagues by submitting quality 
manuscripts for review. One of the great benefits we can provide to our prospective 
authors, regardless of acceptance of their manuscripts or not, is the feedback of our 
review process. JJBS provides authors with high quality, helpful reviews to improve 
their manuscripts. 
 
Finally, JJBS would not have succeeded without the collaboration of authors and 
referees. Their work is greatly appreciated. Furthermore, my thanks are also extended 
to The Hashemite University and the Scientific Research and Innovation Support 
Fund, Ministry of Higher Education and Scientific Research for their continuous 
financial and administrative support to JJBS. 
 
 

Professor Atoum, Manar F. 
March, 2021 
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Abstract 

Supplementation of nucleotides into fish diets can be an alternative method to manage disease problems in aquaculture, since 
it was reported could improve the growth rate and immunity of some aquaculture species. The present study assessed the 
growth and immune performance of Asian seabass (Lates calcarifer Bloch 1790) after being fed diets containing different 
levels of a commercial nucleotide (Optimun®) and a purified mixture of nucleotides containing AMP (Adenosine 
monophosphate), IMP (Inosine monophosphate), UMP (Uridine monophosphate), GMP (Guanidine monophosphate) and 
CMP (Cytidine monophosphate) in equal amounts. Six nucleotide supplemented diets and a control diet were used in this 
study, namely O1 (Optimun® 0.25 %), O2 (Optimun® 0.5 %), O3 (Optimun® 0.75 %), P1 (0.25 % mixed pure nucleotides), 
P2 (0.5 % mixed pure nucleotides), P3 (0.75 % mixed pure nucleotide) and C (control/diet without nucleotide 
supplementation). The treatment diets were fed to juvenile Asian seabass (average initial weight of 13.19 g ± 0.58 g) at 3 % 
body weight per day for six weeks. The results showed that weight gain, total serum protein and globulin were significantly 
higher in fish fed diet P2 (0.5 % of a mix pure nucleotides) compared to the control group (P < 0.05). In comparison, 
leucocrit level and respiratory burst activity were increased significantly (P < 0.05) in fish fed diet O1 (0.25 % of 
Optimun®) and the highest hematocrit level (P < 0.05) occurred in diet P3 (0.75 % of mixed pure nucleotides). 
Nevertheless, specific growth rate, feed conversion ratio, lysozyme activity, albumin serum and survival rate were not 
affected by dietary nucleotides (P > 0.05). In conclusion, supplementation of nucleotides in Asian seabass diet may have 
positive effect on growth performance and immune response of the fish, while diet containing 0.5% of mixed pure 
nucleotides tend to have a better result compared to other diet groups.  

Keywords: Dietary nucleotides, Disease control, Growth rate, Fish immunity  
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1. Introduction 

Asian seabass (Lates calcarifer Bloch, 1790) is an 
important species for aquaculture, especially in the Asia 
Pacific region. The production of Asian seabass globally 
according to the Food and Agriculture Organisation was 
71 581 t year–1 (FAO 2018). Intensive farming with high 
stocking densities and over feeding has been developed to 
increase the production of this species. However, it usually 
leads to physiological stress in the target animal, which 
increases the possibility of disease occurrence (Lieke et 
al., 2019); Mehana et al., 2015). The economic losses due 
to an outbreaks of diseases in the aquaculture industries 
have been estimated to reach of several billion USD per 
year (Assefa and Abunna 2018).  

Commonly, antibiotics are used as a strategy to control 
diseases in aquaculture. However, some consequences can 
arise from this strategy, for instance the accumulation of 
antibiotic residues in the environment which can impact 
the non-target bacterial communities, the possible risk of 
antibiotic residues in aquaculture products or the 
emergence of bacterial strains which are resistant to 

antibiotics (Miranda et al., 2018). Therefore, alternative 
methods to combat disease in aquaculture should be 
considered, for example by increasing the immune 
responses of the animal to protect themselves from the 
variety of diseases caused by infectious organisms or 
environmental stressors. This protection can be gained 
through supplementation of the diet with 
immunostimulants or nucleotides (Wang et al., 2017). 

Nucleotides are intracellular biological compounds 
with low molecular weight, which  have significant roles 
in the formation of nucleic acids (Guo et al., 2017). 
Nucleotides could be synthesized through de novo and the 
salvage pathways and from the diet. However, de novo 
synthesis and the salvage pathway are metabolically costly 
processes in terms of time and energy (Hossain et al., 
2016a). In addition, during specific life periods, such as 
diseases, fast growth, the presence of environmental 
stressors or limited nutritional support, de novo synthesis 
is probably not adequate to cover the needs of the animal. 
Therefore, it is believed that adding supplementary 
exogenous nucleotides into fish diet can optimise the 
function of tissue division during rapid growth and 
improve the health performance of an organism (Roige, 
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2017). Hence, it can be considered that nucleotides are 
semi-essential nutrients, especially at the early infancy 
stages of life and under stressful conditions (Arshadi et al., 
2018). 

Research comparing the benefit of nucleotide 
supplemented diets on the growth and immune responses 
has been conducted on number of aquaculture species, 
with positive results such as an increase in growth 
performance, the capacity of the animal to deal with 
stressors, and also the modulation of the intrinsic and 
acquired immune systems. There are some studies on 
using commercial dietary nucleotides on fish such as 
Optimun® and Ascogen for promoting growth and fish 
immunity (Tahmasebi-Kohyani et al., 2012; Yousefi et al., 
2012). However, some studies attempted to add pure 
nucleotides into the fish diet (Hossain et al., 2017, Huu et 
al., 2013, Lin et al. 2009, Welker et al., 2011).  

Currently, there are limited studies on the use of dietary 
nucleotides in Asian seabass. Only two studies have been 
found, first is a study by Glencross and Rutherford (2010) 
which used Optimun® (the commercial nucleotides) at 0.2 
% and the other is a study by Hastuti et al., (2016) who 
studied the supplementation of nucleotides into the diet at 
0.25 %. Therefore, this study aimed to investigate the 
effect of supplementation nucleotides (commercial or 
mixed pure nucleotides) at different levels on the growth 
and immune responses of Asian seabass. 

2. Materials and Methods 

2.1. . Experimental conditions  

 A total of 105 juvenile Asian seabass with the 
initial weight of 13.19 g ± 0.58 g (mean ± SD) from a local 
hatchery (Robbara Broodstock and Sanctuary, South 

Australia) were used in this experiment. Fish which were 
used in this research have been approved by Adelaide 
University Animal Ethics Committee with approval 
number S-2015-104. Prior to the experiment, fish were 
acclimated to laboratory condition for 2 wk (week). 
Following the acclimation period, fish were randomly 
allocated in a 65 L tank, at the stocking density of five fish 
tank-1. Each tank was equipped with a recirculation filter. 
Water temperature ranged from 27 °C to 30 °C, pH was 
between 6.8 and 7.7, and ammonia between 0.25 mg L-1 
and 8 mg L-1. Fish were hand fed to 3 % BW (body 
weight) day-1 for 6 wk. 

2.2. Diet Preparation   

Optimun®, a commercial nucleotide supplement 
(Chemoforma, Switzerland) or mixed pure nucleotides 
containing AMP, IMP, UMP, GMP and CMP (Sigma 
Aldrich, Australia) with the ratios (1:1:1:1:1) were 
incorporated into the fish feed at the following doses : 
(0.25, 0.5 and 0.75) % kg–1 of feed and the basal diet was 
used as a control (no added nucleotides). The diets were 
named in abbreviation as follows: O1 (Optimun® 0.25 %), 
O2 (Optimun® 0.5 %), O3 (Optimun® 0.75 %), P1 (0.25 
% mixed pure nucleotides), P2 (0.5 % mixed pure 
nucleotides), P3 (0.75 % mixed pure nucleotide) and C 
(control/diet without nucleotide supplementation). All 
ingredients were carefully mixed with water to make a 
dough. The dough was processed into pellets using a New 
Flora domestic meat grinder mincer (Flora Livings, 
Australia), then oven dried at 55 °C. The pellets were 
placed in plastic bags and stored at 4 °C. The basal dietary 
formulation is presented in Table 1, with the composition 
from proximate analysis in Table 2. 

Table 1. Composition of basal and experimental diets for Asian seabass  

 
Ingredients (percent in diet) 

Diet groups  
C O1 O2 O3 P1 P2 P3 

Fish meal 70 70 70 70 70 70 70 
Fish oil 15 15 15 15 15 15 15 
Wheat flour 14.4 14.15 13.9 13.65 14.15 13.9 13.65 
Vitamin and mineral premix 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Yttrium oxide 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Optimun® (O) 0 0.25 0.5 0.75 0 0 0 
Mixed pure nucleotide (P) 0 0 0 0 0.25 0.5 0.75 

Vitamin and mineral premix includes (IU kg -1 or g kg -1 of premix): vitamin A, 2.5MIU; vitamin D3, 0.25 MIU; vitamin 
E, 16.7 g; vitamin K3, 1.7 g; vitamin B1, 2.5 g; vitamin B2, 4.2 g; vitamin B3, 25 g; vitamin B5, 8.3 g; vitamin B6, 2.0 g; 
vitamin B9, 0.8 g; vitamin B12, 0.005 g; biotin, 0.17 g; vitamin C, 75 g; choline, 166.7 g; inositol, 58.3 g; ethoxyquin, 20.8 
g; copper, 2.5 g; ferrous iron, 10.0 g; magnesium, 16.6 g; manganese, 15.0 g; zinc, 25.0 g 
Table 2. Proximate analysis of the experimental diets 

Parameters (% in diet) 
Diet groups 
C O1 O2 O3 P1 P2 P3 

Dry matter content 93.28 94.77 94.8 94.36 94.53 94.51 93.56 
Ash 9.91 9.89 9.91 9.94 9.89 10.02 10.02 
Crude protein 50.46 48.31 50.06 47.57 47.99 48.47 49.42 
Crude lipid 18.91 18.45 18.59 18.89 18.88 18.12 18.48 
Fibre 0.82 1.92 1.77 1.15 1.85 1.18 1.43 
Noted: C (control/no supplemented nucleotides); O1 (Optimun® at 0.25 %), O2 (Optimun® at 0.5 %), O3 (Optimun® at 0.75 %), P1 (0.25 
% of mixed pure nucleotides), P2 (0.5 % of mixed pure nucleotides), P3 (0.75 % of mixed pure nucleotide). 



 © 2021  Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4 623 

2.3. Sampling and calculations 

After completion of the feeding trial, all fish in each 
tank were counted and weighed to calculate the weight 
gain (W), specific growth rate (SGR), feed conversion 
ratio (FCR) and survival rate (SR) using following 
formulae (1 to 4). 

 (1) 

     (2) 

 (3)                                                                      

                (4) 

A blood sample was obtained from three fish per tank. 
Blood was taken from the caudal vein of the fish using 1 
ml syringe, centrifuged at 3 000 x g for 15 min, and then 
serum was collected, pooled and stored at -80 °C for 
further haematological and immunological assays.  

2.4. Hematocrit and leucocrit measurements 

Hematocrit and leucocrit  levels were performed as 
described by Siwicki et al. (1994). Briefly, sample was 
placed in a micro hematocrit capillary tube to two thirds of 
the tube volume, one end of the tube was sealed with clay. 
The sample was centrifuged for 5 min at 15 000 g. and the 
hematocrit level measured by calculating the ratio of the 
red blood cell layer to the total blood sample in the 
capillary tube and the leucocrit level by calculating the 
ratio of the white blood cell layer to the total blood volume 
in the capillary tube. The values of hematocrit and 
leucocrit were expressed in % of total sample. 

2.5.  Serum lysozyme assay  
Serum lysozyme activity was measured using a method 

by Milla et al. (2010). Ten microlitres of Asian seabass 
serum was placed into Corning 96 well plate flat bottom 
(Adelab Scientific, Australia) and mixed with 10 µL of 
0.05 M sodium phosphate buffer (Na2HPO4 
dodecahydrate (12 H2O)) (Sigma Aldrich, Australia) at pH 
6.2. As much as 130 µL of lyophilized Micrococcus 
lysodeikticus (Sigma Aldrich, Australia) suspension at a 
concentration of 0.6 mg mL−1 in phosphate buffer, 
pH = 6.2 was added to the wells. Absorbance was 
monitored at 450 nm at 0 min and 10 min using a 
Benchmark Plus microplate spectrophotometer, Bio-Rad 
version 5.2.1. One unit of lysozyme activity was defined as 
the quantity of serum which caused a 0.001 min–1 decrease 
in absorbance. The serum lysozyme activity was expressed 
in unit mL–1 serum. 

2.6. Respiratory burst activity assay 

Kidney macrophage burst activity was measured 
following a method from Ulvestad et al. (2018) with a 
slight modification. Briefly, the head kidney was 
aseptically removed. The tissue was homogenized in L-15 
(Leibovitz) medium containing 100 μl mL-1 
penicillin/streptomycin, 10 μL mL-1 heparin and 2 % (v/v) 
Fetal Bovine Serum (FBS), then gently filtered through 
nylon (mesh size 100 µm). The cell suspensions were 
layered onto a 34 % to 51 % Percoll density gradient, then 

centrifuged at 450 × g for 30 min at 4 °C. After 
centrifugation, the macrophage enriched interfaces were 
collected, washed, and adjusted to 1 ×106 cells mL-1 using 
a haemocytometer. Following adjustment, 100 μL of the 
cell suspension were placed in the Corning 96 well tissue 
culture plate flat bottom (Adelab Scientific, Australia) and 
incubated at 20 °C for 2 h. Then the non-adherent cells 
were removed by gently washing the wells with L-15 
medium. Amount 100 μL of 0.2 % nitroblue tetrazolium 
(NBT, Sigma) and 0.2 μL of phorbol 12-myristate 13-
acetate (1 mg mL–1) solution were added to each well and 
the plate was incubated for 1 h at room temperature. The 
medium was carefully removed from the plate and the 
cells were fixed by the addition of 100 % methanol and 
incubated for 10 min. Subsequently, the cells were washed 
with 70 % methanol to remove unreduced NBT, and then 
were air-dried. The formazan was dissolved in 120 µL of 
2M KOH and 140 µL DMSO, and the optical density was 
measured by using a Benchmark Plus microplate 
spectrophotometer, Bio-Rad version 5.2.1 at 630 nm using 
KOH and DMSO as blanks.  

2.7.  Total protein, albumin and globulin 

Blood samples were taken from the caudal vein of the 
fish and placed into1.5 mL microtubes. The blood was 
centrifuged at 3 000 × g for 15 min at 4 °C, and serum was 
collected and transferred to new tubes. 200 µL of pooled 
serum from each treatment was used to measure total 
protein, albumin and globulin of the serum using an auto-
analyser AU480 (Beckman-Coulter) machine by following 
the standard protocols provided in the machine user guide. 

2.8. Statistical analysis 

Results were analysed by one-way analysis of variance 
(ANOVA) using IBM SPSS version 22.0 statistical 
software, followed by Duncan’s test to compare the means 
between individual treatments. Significance was set at P < 
0.05. 

3. Results  

The growth and survival rates of the fish after six 
weeks of feeding trial are shown in Table 3. It was found 
that nucleotide supplemented diets did not significantly 
improve the specific growth rate (SGR), feed conversion 
ratio (FCR) or survival rate (SR) of Asian seabass (P > 
0.05). However, there is a significant impact (P < 0.05) of 
diet supplemented with 0.5 % of mixed pure nucleotide 
(diet P2) on fish weight gain (WG), with value was 47.73 
g ± 9.15 g (mean ± SD), total protein serum, with value 
was 50.33 ± 0.666 (mean ± SD) and globulin serum, with 
value was 36.33 ± 0.577 (mean ± SD). Although 
statistically there was no significant difference in SGR and 
FCR between the diet groups, P2 diet gave the highest 
SGR and FCR with the value of 3.56 % ± 0.37 % BW d-1 
(mean ± SD) and 1.85 ± 0.34 (mean ± SD) respectively.  In 
terms of survival rate, there were also no significant 
differences among the groups. The SR ranged from 66.67 
% to 93.33 %. Mortality occurred due to cannibalism in 
some tanks.  

Hematocrit and leucocrit levels of Asian seabass 
showed in Table 4.  Hematocrit levels were significantly 
higher (P < 0.05) in fish fed diet P3 (0.75 % of mixed pure 
nucleotides) compared to those fed diets without 
supplementation of nucleotides (C), with the value of 
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45.68 % ± 4.16 % (mean ± SD). In addition, it was found 
that fish fed diet P3 experienced a significant decrease in 
the level of leucocrit (P < 0.05), with the value of 0.246 % 
± 0.1 % (mean ± SD) compared to other groups. In 
comparison, diet O1 showed the highest level of leucocrit 
with the value of 1.397 % ± 0.45 % (mean ± SD). 

Supplementation of nucleotide in fish diet had no 
significant influence (P > 0.05) on lysozyme activity 
(Table 4). However, it is noted that P1 diet group had the 
highest lysozyme activity compared to others with the 
activity of 560 ± 309.6 unit mL–1 (mean ± SD). 
Respiratory burst activity of Asian seabass fed nucleotides 
diet was presented in Table 4. Respiratory burst activity on 
the fish fed O1 diet group was significantly higher (P < 
0.05) compared to other diet groups with the respiratory 
burst reading value of 0.177 ± 0.04 (mean ± SD), At the 
same time, it is noted that fish fed diet containing 0.75 % 
of mixed pure nucleotide (P3) showed a significant 
decrease on the respiratory burst activity reaching 0.122 ± 
0.004 (mean ± SD). 

The fish serum contains protein compounds, including 
albumin and globulin. The level of albumin and globulin 
reflect the health status of the animal since they are 
important components of the fish innate immune system 
(Syeed et al., 2018). Our study found significant 
differences in the total protein and globulin serum of Asian 
seabass after 6 wk of the feeding trial, except for the 
albumin serum of the fish. Moreover, fish fed diet with 0.5 
% supplementation of mixed pure nucleotides showed 
significantly higher in total protein and globulin serum (P 
< 0 .05), accounting for 50.33 g L–1 ± 0.666 g L–1 and 

36.33 g L–1 ± 0.577 g L–1 (mean ± SD) respectively. 
Although total albumin was not significantly different 
between the treatment groups, it was found that diet P2 
resulted in higher albumin serum compared to other diet 
groups with the values of 13.83 g g L–1 ± 0.057 g L–1 
(mean ± SD.)  

 

Table 3. Growth and survival rate of Asian seabass after 6 wk of feeding trial 

Diet Initial weight Final weight Weight gain Specific Growth Rate Feed Conversion Survival Rate 

Groups (g) (g) (WG, g) (SGR, %BW d-1) Ratio (FCR) (SR, %) 

C 13.33 ± 0.61 43.37 ± 5.02 30.03 ± 4.88a 2.80 ± 0.28a 2.85 ± 0.5a 86.67 ± 11.55a 

O1 12.67 ± 0.12 38.86 ± 11.64 26.19 ± 11.56a 2.59 ± 0.78a 3.66 ± 2.10a 66.67 ± 11.55a 

O2 13.27 ± 0.31 37.60 ± 12.97 24.33 ± 13.24a 2.39 ± 0.84a 4.15 ± 2.06a 93.33 ± 11.55a 

O3 13.07 ± 0.61 45.53 ± 5.90 32.47 ± 5.37ab 2.96 ± 0.23a 2.57 ± 0.35a 93.33 ± 11.55a 

P1 13.27 ± 0.31 39.95 ± 12.70 26.68 ± 12.94a 2.55 ± 0.75a 3.59 ± 1.43a 86.67 ± 11.55a 

P2 13.67 ± 0.46 61.40 ± 9.01 47.73 ± 9.15b 3.56 ± 0.37a 1.85 ± 0.34a 73.33 ± 30.55a 

P3 13. 07 ± 1.15 39.73 ± 11.12 26.67 ± 12.23a 2.58 ± 0.93a 3.89 ± 2.68a 86.67 ± 23.09a 

Noted: Data presented as means of triplicates ± SD. Different superscripts in the column indicate significant (< 0.05) difference between 
different diet groups. C (control/no supplemented nucleotides); O1 (Optimun® at 0.25 %), O2 (Optimun® at 0.5 %), O3 (Optimun® at 0.75 
%), P1 (0.25 % of mixed pure nucleotides), P2 (0.5 % of mixed pure nucleotides), P3 (0.75 % of mixed pure nucleotide). 

Table 4. Effect of nucleotide supplemented diet on Asian seabass immunity after 6 wk of feeding trial  

Immune parameters 
Diet groups 

C O1 O2 O3 P1 P2 P3 
Hematocrit level (%) 27.1 ± 6.44a 34.28 ± 8.87ab 36.35 ± 8.95ab 37.07 ± 1.22ab 25.55 ± 12.84a 33.92 ± 7.97ab 45.68 ± 4.16b 

Leucocrit level (%) 1.327 ± 0.53ab 1.397 ± 0.45b 1.05 ± 0.84ab 0.945 ± 0.12ab 0.83 ± 0.82ab 0.56 ± 0.25ab 0.246 ± 0.10a 

Lysozyme (unit mL–1) 404.8 ± 51.95a 436.7 ± 65.15a 265.6 ± 148.9a 324 ± 166.5a 560 ± 309.6a 347.4 ± 12.07a 372.9 ± 143.4a 

Resburst (OD630) 0.136 ± 0.02ab 0.177 ± 0.04b 0.145 ± 0.04ab 0.137 ± 0.01ab 0.147 ± 0.02ab 0.149 ± 0.007ab 0.122 ± 0.004a 

Total serum protein (g L–1) 42.5 ± 3.14a 48.27 ± 2.875ab 45.27 ± 0.513ab 44.6 ± 7.15ab 45.9 ± 2.6ab 50.33 ± 0.666b 43.8 ± 1.4a 

Total albumin (g L–1) 12.1 ± 0.3a 13.47 ± 0.802a 13.07 ± 0.757a 12.6 ± 2.13a 13.33 ± 0.61a 13.83 ± 0.057a 12.6 ± 0.3a 

Total globulin (g L–1) 30.33 ± 2.89a 34.67 ± 2.082ab 32.33 ± 0.577ab 32.33 ± 5.03ab 32.67 ± 2.08ab 36.33 ± 0.577b     31.33 ± 1.155a 

A : G ratio 0.4 ± 0.03a 0.39 ± 0.01a 0.41 ± 0.03a 0.39 ± 0.01a 0.41 ± 0.02a 0.38 ± 0.01a 0.4 ± 0.01a 

Noted: Data presented as means of triplicates ± SD. Different superscripts indicate significant (< 0.05) difference between different diet 
groups. Resburst = Respiratory burst activity, A : G = ratio of albumin to globulin. C (control/no supplemented nucleotides); O1 (Optimun® 
at 0.25 %), O2 (Optimun® at 0.5 %), O3 (Optimun® at 0.75 %), P1 (0.25 % of mixed pure nucleotides), P2 (0.5 % of mixed pure 
nucleotides), P3 (0.75 % of mixed pure nucleotide)

4. Discussion 

Adequate nutrition given to the animal could determine 
its health status and growth performance. Since Asian 
seabass are carnivorous animals and require high protein 
content mainly from fish meal (usually provided by fish 
meal for farmed fish), in this study we used a basal diet 
which contained greater than 45 % crude protein and 
approximately 18 % of lipids. The basal diet we used for 
this study fulfilled the nutrient requirements for Asian 
seabass growth. Glencross (2006) reported that diets 

containing 45 % to 50 % crude protein and 15 % to 18 % 
lipid gave the best growth rates for Asian seabass in 
several studies.  

Numerous studies on supplementation of nucleotides in 
diets have been conducted for aquatic species including 
fish. The supplementation of nucleotides into fish diets 
could improve growth and survival rate of the fish as well 
as enhance their immune responses (Hossain et al., 2016a, 
2016b; Kader et al., 2018; Lin et al., 2009). Our study 
found that weight gain of Asian seabass increased 
significantly in the fish fed a mix pure nucleotide 
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supplemented diet at 0.5 % (P2). This finding is similar to 
a study by Huu et al. (2013) in which supplementation 
with pure nucleotide GMP at 0.5 % or combination 
between two pure nucleotides GMP + AMP/IMP  (0.4 % + 
0.1 %) into the diet gave a higher growth rate in Black 
tiger shrimp (Penaeus monodon) compared to control diet 
and diet supplemented with GMP 0.4 %. In another study, 
Hossain et al. (2017) found the optimal dose of IMP 
supplementation which gave the best growth performance 
for juvenile amberjack (Seriola dumerili Risso, 1810) diet 
was 0.54 %. Specific growth rate and feed conversion ratio 
in our study was not affected by a diet supplemented with 
nucleotides. However, there was a trend that diet P2 (0.5 
% supplementation of a mix pure nucleotide) demonstrated 
better SGR and FCR compared to other diet groups. In a 
previous study, Asian seabass fed with mixed pure 
nucleotides at 0.25 % for 4 wk showed no significant 
differences in their growth performance (Hastuti et al., 
2016). In contrast, this present study revealed that Asian 
seabass fed a mix pure nucleotide diet at 0.5 % for 6 wk 
showed a significantly higher growth performance. Hence, 
supplementation of mixed pure nucleotides at a 
concentration of 0.5 % might effectively improve the 
growth performance of Asian seabass.  

Many studies suggested supplementation of nucleotides 
at around 0.2 % kg-1 of feed for aquatic animals (Hossain 
et al., 2016a; Kenari et al., 2013; Lin et al., 2009), whereas 
some studies found that fish need higher levels of 
nucleotides supplementation. For example, Xu et al. 
(2015) reported the optimum level of nucleotide 
supplementation in the diet of hybrid tilapia (Oreochromis 
niloticus ♀ x Oreochromis aureus ♂) to give better 
performance was 0.63 %, while a study by (Hossain et al., 
2017) suggested the optimal dose of nucleotide 
supplementation for increasing growth and immunity of 
amberjack were 0.54 % and 0.67 % respectively. In 
contrast, some studies found that fish only need a lower 
level of nucleotide supplementation to obtain a better 
performance, for example the addition of 0.1 % of mixed 
pure nucleotide to the zebra fish (Danio rerio F. Hamilton, 
1822) diet, increased weight gain of the fish significantly 
(Guo et al., 2017).  

Hematological parameters could reflect the 
physiological and general health status of fish (Hossain et 
al., 2016a, 2016b). This present study found that 
supplementation of the diet with mixed pure nucleotides at 
0.75 % (diet P3) significantly increased the hematocrit 
levels of Asian seabass. The increase of hematocrit levels 
as an impact of dietary nucleotides also occurred in a study 
by Hossain et al. (2016b) who reported that feeding red 
sea bream (Pagrus major Temminck and Schlegel, 1843) 
with nucleotide enriched product for 60 d increased 
hematocrit levels of the fish. Similarly, Rachmawati et al. 
(2021) reported that feeding Java barb (Barbonymus 
gonionotus Bleeker, 1850) with a diet containing 
nucleotides from Sacharomyces cereviceae, increased the 
hematocrit levels of the fish significantly. The present 
study found that supplementation of Optimun® into the 
fish diet 0.25 % to 0.75 % resulted in rising hematocrit 
levels compared to the fish fed control diet.  This finding 
was similar to a study by Yousefi et al., 2012 who reported 
that hematocrit of Beluga sturgeon (Huso huso Linnaeus, 
1758) increased significantly in fish fed Optimun® 
supplementation diet for 62 d. It indicated that the 

inclusion of both commercial nucleotide product 
(Optimun®) or a mix of pure nucleotides into the Asian 
seabass diet might significantly affect the hematocrit level 
of Asian seabass. In terms of leucocrit levels, we found 
that diet contains 0.25 % of Optimun® showed a 
significant higher leucocrit levels, whereas diet containing 
0.75 % of mixed pure nucleotides demonstrated a 
significant lower of leucocrit level compared to other diet 
groups. The excessive dose of nucleotide supplementation 
might impair the immune responses of the fish, as reported 
in a study of channel catfish (Ictalurus punctatus 
Rafinesque, 1818) (Welker et al., 2011). 

Respiratory burst activity is a non-specific immune 
parameter which is usually used to determine health status 
of the fish. Lin et al. (2009) found that respiratory burst 
activity of grouper (Epinephelus malabaricus Bloch and 
Schneider, 1801) head kidney increased significantly in 
response to enrichment of the diet with nucleotide. 
Another study also reported that feeding tilapia with a 
nucleotide supplemented diet increase the fish respiratory 
burst activity (Shiau et al., 2015). This present study found 
a significant increase in the respiratory burst activity of 
Asian seabass fed diet containing Optimun® at 0.25 % 
(O1). Similar findings occurred in a study by Andrino et 
al. (2012), in which Optimun® at the level of 0.2 % was 
supplemented into Pacific white shrimp (Litopenaeus 
vannamei Boone, 1931) diet resulted in a significant 
enhanced of respiratory burst activity. The positive effect 
of dietary nucleotides on respiratory burst activity was also 
reported by Cheng et al. (2011) in red drum (Sciaenops 
ocellatus Linnaeus, 1766), Baidya et al. (2015) in Labeo 
rohita F. Hamilton, 1822 and Jha et al. (2007) in Catla 
catla F. Hamilton, 1822. On the contrary, this study 
revealed that feeding a mixed pure nucleotide diet at 0.75 
% was decreased respiratory burst activity in Asian 
seabass. Thus, the high concentration of nucleotides 
inclusion into the diet might harm the fish immune system. 
Furthermore, Welker et al. (2011) reported that channel 
catfish (Ictalurus punctatus Rafinesque, 1818) fed a high 
dose of mixed pure nucleotide diet at 0.9 % and 2.7 % for 
eight weeks demonstrated immune responses decline and 
reduced resistance of the fish against bacterial infection. 
Therefore, the excessive concentration implemented 
should be concerned in the application of dietary 
nucleotides for aquaculture animals.  

Lysozyme protects the animal from microbial invasion, 
since it has lytic activity against both Gram-negative and 
Gram-positive bacteria (Saurabh and Sahoo, 2008). 
Studies on rainbow trout (Onchorynchus mykiss Walbaum, 
1792) (Hunt et al., 2016), Caspian brown trout (Salmo 
trutta Linnaeus, 1758) (Kenari et al., (2013) and hybrid 
tilapia (Shiau et al., 2015) showed that feeding fish  with a 
nucleotide supplemented diet could significantly increase 
their serum lysozyme activity. In contrast, our study found 
that supplementation of Asian seabass diet with 
nucleotides did not considerably impact lysozyme activity 
(P > 0.05) in all diet groups. Previous experiments on 
rainbow trout fed nucleotide supplemented diet at 0.2 % 
for 45 d also resulted in no significant effect on fish 
lysozyme activity (Yousefi et al., 2016). Similarly, red 
drum (Sciaenops ocellatus Linnaeus, 1766) fed 0.5 and 1 
% nucleotide diets for 42 d had no significant differences 
in their serum lysozyme activity compared to those fed 
control diet (Cheng et al., 2011). Although in this present 

https://en.wikipedia.org/wiki/Francis_Buchanan-Hamilton
https://en.wikipedia.org/wiki/Francis_Buchanan-Hamilton
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study dietary nucleotides did not significantly affect the 
lysozyme activity of Asian seabass, fish fed diet 
supplemented with 0.25 % of mixed pure nucleotides (P1) 
tend to have a higher lysozyme activity compared to other 
diet groups.    

Reda et al. (2018) reported, total protein, albumin and 
serum globulin of Nile tilapia (Oreochromis niloticus 
Linnaeus, 1758) increased significantly in fish fed diet 
supplemented with 0.25 % nucleotides. They also found an 
increase in the IgM levels of the fish and a decrease in the 
ratio of albumin/globulin (A:G ratio). This present study 
found that concentrations of total protein and globulin 
serum in Asian seabass fed diet supplemented with a mix 
pure nucleotide at 0.5 % were significantly higher than 
those without nucleotides supplementation. This finding is 
consistent with a study by Jha et al. (2007), which reported 
that serum total protein and globulin concentrations were 
significantly higher in C. catla fed dietary nucleotides. In 
addition, a study by Tahmasebi-Kohyani et al. (2011) 
reported a significant increase of Immunoglobulin levels 
of rainbow trout fed nucleotide diet. In contrast, our study 
failed to demonstrate the considerable effect of nucleotide 
diets on the albumin serum and A:G ratio (P > 0.05). 
However, it was noted that fish fed 0.5 % of mixed pure 
nucleotides diet experienced higher albumin serum level 
and lower A:G ratio compared to those fed other diet 
groups. Higher globulin concentrations and a lower A:G 
ratio indicates an increase in antibody response since 
gamma globulins play an important role in the fish 
immune system (Kumar et al., 2005).  

Information about the standard administration dose of 
nucleotide supplemented into fish diets is still not clear 
since there are inconsistent results regarding the effect of 
nucleotide supplemented diets, even when using the same 
fish species. Optimun® as a commercial product of 
nucleotide has been extensively used in many studies for 
different kind of aquatic animals. It has been reported 
Optimun® increased health and growth performance of 
rainbow trout (Tahmasebi-Kohyani et al., 2011, 2012), and 
striped bass (Li et al., 2015) at low dose administration 
around 0.15 % to 0.2 % in diet, while the use of higher 
doses was found to be effective in Black tiger shrimp 
(Penaeus monodon Fabricius, 1798) with the optimal dose 
at 0.56 % (Huu et al., 2012). The optimal dose of 
Optimun® for beluga sturgeon (H. huso) was found 
around 0.25 % to 0.35 % (Yousefi et al., 2012), while the 
best dose for striped catfish (Pangasianodon  
hypophthalmus Sauvage, 1878) was 0.25 % to 0.5 % 
(Yaghobi et al., 2015). The size of fish could influence the 
effect of dietary nucleotides. Tahmasebi-Kohyani et al. 
(2012) reported that rainbow trout with an average weight 
of 23 g demonstrated the best growth performance and 
health status when they were fed 0.2 % Optimun® 
supplementation diet for 8 wk. In contrast, feeding the 
same source of nucleotide (Optimun®) at the same level 
(0.2 %) for the same fish species (rainbow trout) resulted 
in no significant growth improvement and even caused 
immunological and metabolic problems in smaller fish 
with an average weight of 3.79 g (Yousefi et al., 2016). In 
this present study, feeding Asian seabass with Optimun® 
supplemented diet at 0.75 % showed a higher weight gain 
compared to the fish fed diet supplemented with 0.25 % 
and 0.5 % Optimun®. Hastuti et al. (2016) reported that 
supplementation of Optimun® at 0.25 % did not affect 

growth performance and immune responses of the fish. 
Thus, Asian seabass might need higher concentration of 
Optimun® supplementation to improve its performance 
and health.  

The type of nucleotide becoming one factor which 
should be considered, since the results obtained could be 
different when a different type of nucleotides are used. For 
example, a study in Tilapia found that using a commercial 
nucleotide (AccelerAid™, FormilVet Brazil) at different 
levels for 60 d did not significantly increase growth 
performance and immune responses of fingerling Tilapia 
(Barros et al., 2015). Similarly, the inclusion of 0.15 % 
and 0.3 % Laltide® into European seabass (Dicentrarchus 
labrax Linnaeus, 1758) diet for 42 d resulted in no 
significant differences on growth performance and feed 
conversion ratio of the fish (Bowyer et al., 2019). On the 
other hand, significant improvements in growth 
performance and immune responses occurred when the 
fish were fed a commercial nucleotide (Rovimax NX™, 
Switzerland) supplemented diet for 70 d, with the optimal 
application dose was 0.024 % (Shiau et al., 2015). Positive 
effects of a nucleotide-enriched diet in tilapia was obtained 
with a Saccharomyces cerevisiae-derived nucleotide 
mixture from Biotogether (Nanjing China) for 8 wk, with 
the optimal dose of around 0.6 % (Xu et al., 2015). 
Additionally, Hunt et al. (2016) found that 
supplementation of rainbow trout diet with another 
commercial nucleotide (Nu-Pro™, Alltech Inc, USA) at 20 
% to 60 %  for 60 d, significantly increased immune 
parameters of the fish. A study of grouper by Lin et al. 
(2009) showed that fish growth, feed efficiency, 
respiratory burst and fish survival were significantly 
enhanced with the supplementation with a purified mixture 
of  nucleotides. In addition, turbot fed a diet containing a 
mixture of purified nucleotides showed improvement in 
fish respiratory burst and lysozyme activity, and intestinal 
micromorphology (Peng et al., 2013).  

The exact mechanism of the immune enhancing effects 
of dietary nucleotide is still unclear. In terms of the 
selected doses of nucleotides used, it has been reported 
that some fish species require a lower dose of nucleotide 
supplementation of around less than 0.25 % to boost the 
immune parameters or growth performance of the animal 
(Lin et al., 2009; Shiau et al., 2015; Yousefi et al., 2012), 
while some studies also reported that some fish need a 
higher dose of nucleotide supplementation at ≥ 0.5 % in 
the diet to promote immune responses (Hunt et al., 2016; 
Xu et al., 2015). In terms of the feeding regime 
implemented, both short and long periods of dietary 
nucleotides administrations have been reported to have 
positive effect on fish growth and immunity. Some 
experiments were conducted over short periods of time, 
such as 4 wk or less (Guo et al., 2017; Reda et al., 2018), 
but others, fed the fish with nucleotide diets for 10 wk  or 
more (Shiau et al., 2015; Yaghobi et al., 2015).  However, 
some researchers reported that prolonged administration of 
nucleotide-supplemented diets led to immune response 
suppression which negatively impacted the health of the 
fish. Li et al. (2007) reported that juvenile red drum fed 
pure nucleotide supplementation diet for one week showed 
a significant increase in weight gain and feed efficiency, 
but when the feeding trial was extended for three 
additional weeks, less significant weight gain was found.  
In addition, tilapia fed yeast nucleotide supplemented diet 
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for 15 d, experienced an increase in some innate immune  
parameters compared to the fish which fed the same type 
of nucleotides for 30 d (Reda et al., 2018). A previous 
study by Hastuti et al. (2016) in Asian seabass fed diet 
supplemented with Optimun® or mixed pure nucleotides 
at 0.25 % for 4 wk showed no significant differences in all 
the parameter tested. However, our present study revealed 
that feeding Asian seabass with 0.5 % of mixed pure 
nucleotide diet for 6 wk demonstrated positive results on 
fish growth and some immune parameters. The response of 
the fish to a nucleotide-supplemented diet for enhancing 
growth and immune function is still not well studied in 
Asian seabass, so it is not clear whether the response will 
be immediate or delayed after initial feeding. Future 
studies which compare different feeding periods from two 
weeks to 16 wk might be warranted to give better 
understanding on the kinetic effects of nucleotide 
supplemented diet on Asian seabass.  

5. Conclusion 

Based on the present finding, dietary nucleotides in 
Asian seabass could be a promising method to improve 
growth performance and health status of the fish. Diet 
supplemented with 0.5 % mixed pure nucleotide seems to 
have the best result compared to control and Optimun® 
supplementation diet, since it significantly increased fish 
growth and some immune parameters. Thus, 
supplementation of 0.5 % mixed pure nucleotides could be 
recommended in Asian seabass diet. A study for 
investigating the effect of single pure nucleotide 
supplementation in Asian seabass growth and immune 
responses is recommended to determine which type of 
single nucleotide could enhance better fish performance. 
Factors such as administration dose, feeding regime, type 
and source of nucleotide, fish species and size, initial 
immune status of individual fish, and basal diet nutrition 
content might influence the response to diets supplemented 
with nucleotides. Hence, further studies are warranted in 
this area. 
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Abstract 

A thermostable alkaline protease was produced by Bacillus ruris isolated from vegetable oil factory effluent in Owo, Ondo 
State, Nigeria. Detergents containing enzymes have been reported to possess more effective washing capabilities. The 
protease was purified and characterized. Biochemical characterization and 16S rRNA sequencing showed the strain was 
closely related to Bacillus ruris with accession number NR_042161.1. The protease was purified with a 0.516 purification 
fold and 19% recovery with a Sephadex G-100 column fraction. The protease was relatively stable at alkaline pH retaining 
activity at pH 9.0 (100%). The protease was also thermally stable with the highest activity observed at 55 ℃. Bacillus ruris 
protease activity was stimulated by Ba2+, Ca2+, Cu2+ and Mn2+, while enzyme activity was inhibited by Zn2+ and Pb2+. 
Protease activity increased with an increase in substrate concentration. The Lineweaver-burk plot revealed Km = 0.14.   
Protease activity was influenced by the tested surfactants and inhibitors. The protease enzyme showed relative stability to 
some commercial detergents. Thus, the protease enzyme appears to possess properties desired for detergent formulation and 
inclusion in other biotechnological applications. 
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1. Introduction 

Enzymes have been used in fermentation processes 
from ancient times. Earlier reports of their use were 
reported by the ancient Greeks who used enzymes for 
baking, brewing, alcohol fermentation and cheese 
manufacture (Sharma et al., 2017). Literature has also 
shown that enzymes can perform numerous roles, for 
example the selective manipulation of protein and lysis of 
fibroin clusters with advancements in analytical techniques 
(Sharma et al ., 2017). 

Proteases are universal enzymes in nature, catalyzing 
the hydrolysis of protein molecules into peptides and 
amino acids (Matkawala et al., 2019; Sumantha et al., 
2006). Proteases have attracted interests over the years, 
mainly because of the important roles they play in cellular 
metabolism and the biotechnology industry (Fatema et al., 
2019; Gupta et al., 2002). Proteases are widely used in the 
food, laundry detergents, leather treatment, bioremediation 
processes and pharmaceutical industries where they 
mediate several changes in products taste, texture, 
appearance, quality and in waste recovery (Mamo & 
Assefa, 2018; Saha et al., 2011; Sandhya et al., 2005; 
Vadlamani and Parcha, 2011). In detergency, the 
combined action of surfactants and enzymes aids in the 
removal of difficult proteinous stains from fabrics (Olsen 
and Falholt, 1998). Proteases can be grouped based on 

their sites of action as exopeptidases and endopeptidases. 
Proteases that cleave the peptide bond at the center of the 
amino or carboxyl termini of the polypeptide chain are 
referred to as exopeptidases, whereas endopeptidases 
cleave peptide bonds distant from the termini of the 
substrate (cut at the internal peptide bonds) (Mamo & 
Assefa, 2018; Rao et al ., 1998; Yegin and Dekker, 2013). 
Proteases are also grouped based on their acid-base 
behavior viz. acid, neutral and alkaline proteases (Sandhya 
et al., 2005). Alkaline proteases are optically active in a 
neutral to basic pH (Sharma et al., 2017). They either 
possess a serine center or a metallo-type, and are the most 
researched group of enzymes and are widely used in 
detergents and allied industries. The high specificity of 
enzymatic reactions also prevents damage to fabrics and 
surfaces, which is a matter of concern in chemical 
detergents (Singh et al., 2016).  

Proteases, amylases, lipases and cellulases are used in 
the starch, textile, detergent and baking industries, 
representing the second-biggest group, while proteases are 
the predominant enzyme type, owing to their extensive use 
in the cleansing and dairy industries (Nguyen et al., 2015; 
Kirk et al., 2002). Proteases are also used in the 
modification of proteins to reduce the allergenicity of cow 
milk for infant formula products in dairy industries (Kirk 
et al., 2004).  

The different products in the detergent industry contain 
proteases as a fundamental component or ingredient and 
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are used for cleaning household laundries, false teeth, or 
contact focal lenses (Razzaq et al., 2019). Successful 
deployment of enzymes is an integral part of the design 
and production of economical and environmental 
(biodegradable) friendly detergents (Dewan, 2017). 
Microbial alkaline sources have attracted increased 
demand from industries owing to their cost-adequacy, 
ready susceptibility to genetic manipulation and relative 
ease of cultivation (Razzaq et al., 2019). Also, proteases 
intended for use in detergent formulation need not be in 
the purest state, unlike those for use in pharmaceutical, 
medical areas that require a higher degree of purity as a 
necessity. 

The suitability of an enzyme for detergent formulation 
will depend on its ability to retain its function alongside 
other detergent constituents such as surfactants and 
oxidizers under quite harsh operating conditions (Boran, 
2018). It should also possess the ability to perform over a 
range of pH and temperature (Griffin et al., 1992). Certain 
procedures are also put in place to prevent the denaturation 
of the detergent enzymes (Boran, 2018). Scientists have 
also tried to isolate from natural environments, microbial 
enzymes possessing more tolerance against alkaline pH 
and chemicals in detergents (Boran, 2018), hence the need 
for isolation of more detergent-compatible microbial 
proteases. 

This study investigated the production, purification and 
characterization of a detergent compatible protease using 
bacteria isolated from vegetable oil effluent soil in Owo, 
Ondo State, Nigeria.  

2. Materials  

2.1. Isolation and screening of proteolytic bacteria  

Soil samples were collected from vegetable oil factory 
effluent dump in Owo, Ondo State, Nigeria. Isolation was 
done by serial dilution on a prepared nutrient agar plate 
(Oxoid). Single colonies were picked and purified by 
continuous streaking. Preliminary screening for protease 
production was done by subjecting the isolates to skimmed 
milk agar plate (SKMA) containing (% w/v); skimmed 
milk powder (1.0), peptone (0.1), NaCl (0.5) and agar (2.0) 
at pH 10, the plates were incubated at 37˚C for 48 h. The 
occurrence of clear halo zones around distinct colonies is 
indicative of protease production by the bacteria (Bajaj and 
Jamwal, 2013). Isolate that showed higher protease 
production potential were selected for further production 
and assay (Arulmani et al., 2007). Bacterial identification 
was carried out using morphological, biochemical 
characterization by 16S rDNA sequencing.  

2.2. Protease production 

Bacteria selected from SKMA screening were selected 
for protease production. Protease production media (PPM) 
consisted of: CaCl2 (0.01 g/l), K2HPO4 (0.05 g/l), peptone 
(1.00 g/l), MgSO4 (0.01 g/l), glucose (0.1 g/l), at pH 7.0 
and was incubated on a shaker incubator at 37 °C for 48 
hours. The cell-free supernatant was then obtained by 
centrifuging at 10,000 rpm for 10 minutes at 4 ˚C. The 
supernatant obtained was used as a crude protease for 
further studies (Guleria et al., 2016).  

2.3. Protease assay 

Protease assay was carried out using the casein-pholine 
method by Cupp-Enyard (2008). Casein (1 % w/v) was 
dissolved in 0.1 M phosphate buffer at pH 7.0 and was 
used as the substrate, 1 mL of the enzyme was added to the 
substrate and incubated at 50 ℃ in a water bath for one 
hour. The reaction was then terminated by adding 3 mL of 
the tricarboxylic acid (TCA). The reaction cocktail was   
centrifuged at 5000 rpm for 15 minutes. Then 0.5 mL of 
the supernatant was drawn into a test-tube, 2.5 mL of 0.5 
M sodium carbonate was added, vortexed well and 
incubated for 20 minutes. The reaction was terminated by 
the addition of 0.5 mL of 2.0 N Folin-phenol reagent and 
the absorbance was read at 660 nm using a UV-
Spectrophotometer (752Pro15041, Spectrum Lab 
England). Protease produced was estimated and expressed 
in a microgram of tyrosine liberated by 1 mL of the 
protease in 30 minutes at 30 ℃ in tyrosine equivalent 
(Akhavan and Jabalameli, 2011; Joo et al., 2002).  One 
unit of protease activity was defined as the amount of 
enzyme required to liberate 1 μg of tyrosine/min under 
standard assay conditions based on a tyrosine calibration 
curve (Bhagwan et al., 2015). 

2.4. Protein assay  

Total protein content was estimated following Lowry et 
al. (1951) using bovine serum albumin (BSA) as reference 
(Mothe and Sultanpuram, 2016). 

2.5. Purification of the protease enzyme 
The crude enzyme was subjected to precipitation in a 

salting-out process (Dixon and Webb, 1971). The 
precipitated fractions were dialyzed and separated using 
Sephadex G100 column chromatography (Ding et al., 
2012; Wakil and Osesusi, 2017). The fractions obtained 
were pooled together and their protease activity and 
protein content determined. These fractions were also used 
for further characterization.  

3. Characterization of the purified protease enzyme 

3.1. Effect of pH  
The effect of pH on protease stability was assessed by 

incubating the protease-substrate mixture in appropriate 
buffers at intervals of 0.5 pH (Citrate-phosphate for pH 4 - 
7 and Tris-HCl for pH 8 - 11) for one hour. Protease 
activity was determined using the standard assay method. 
Protease stability was expressed as relative activity 
(Niyonzima and More, 2014; Priya et al., 2014). 

3.2. Effect of temperature  
The effect of temperature on the stability of protease 

was assessed by incubating the protease-substrate mixtures 
at varying temperatures (20 - 70 ℃) at 5 ℃ intervals in a 
water bath for one hour. Protease activity was determined 
using the standard assay method. Protease stability was 
expressed as relative activity (Niyonzima and More, 2014; 
Priya et al., 2014). 

3.3. Effect of metal ions  
The protease stability in the presence of metals was 

determined by pre-incubating the protease-substrate 
mixtures with metal (Ca2+, Cu2+, Mn2+, Mg2+, Ba2+, Zn2+, 
K+, Na+) for one hour. Metal salt concentrations of 5 mM 



 © 2021  Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4 631 

were used. Protease activity was determined using the 
standard assay method. Protease stability was expressed as 
relative activity (Priya et al., 2014). 

3.4. Effect of substrate concentration  
The effect of varying substrate concentrations on the 

protease activity was determined by incubating different 
substrate concentrations (casein) from 0.2 to 1.2 mg/ml 
with protease for one hour under standard conditions.  
Protease activity was determined according to standard 
methods as previously described. The enzyme kinetics 
were also determined (Priya et al., 2014). The Michaelis–
Menten enzyme kinetic constants Km and Vmax were 
extrapolated from the Lineweaver–Burk plot  (Priya et al., 
2014). 

3.5. Effect of inhibitors and surfactants   
Protease stability to surfactants and inhibitors; tween 

20, triton X, sodium lauryl sulfate (SLS), sodium dodecyl 
sulfate (SDS), 2-mercaptoethanol (BME), dithiothreitol 
(DTT), and ethylenediaminetetraacetic acid (EDTA), were 
determined by pre-incubating the enzyme substrate 
mixtures with the surfactants and inhibitors at various 
concentrations for one hour at a concentration of 1 mM 
(Gohel and Singh, 2018). Protease activity was carried out 
according to standard methods as described earlier 
(Matkawala et al., 2019). 

3.6. Effect of detergents  
The effect of commercial detergents (Ariel, Klin, 

Sunlight, Good mama, Canoe and Omo) on protease 
stability   was evaluated by incubating detergents with the 
protease for one hour at 35 ℃. The detergent solutions 
(0.1 % w/v) were prepared with double-distilled water, the 
detergent solutions were boiled at 100 ℃ to inactivate any 
enzymes already present, then cooled to room temperature. 
The solutions were then incubated with purified protease at 
50 ℃ for one hour (Lam et al., 2018; Matkawala et al., 
2019). Protease activity was determined using the standard 
assay method.  

4. Results and Discussions 

4.1. Isolation of proteolytic bacteria  
The bacterial isolates that showed appreciable zone of 

hydrolysis on skimmed milk agar plates were subjected to 
protease production, and the bacteria with the highest 
protease production was selected for further study. 
Quantitative screening for protease production showed that 
OWO1 had the best protease activity (2.039 U/mL) while 
AKK1 had the lowest protease activity (0.072 U/mL) as 
shown in Figure 1. OWO1 was used for further study. 

Vegetable oil factory effluents contain an immensely 
high volume of degradable organic matter. It is rich in 
nutrients and possesses fertilizing properties even in its 
raw state (Kamyab et al., 2016). The nutrient-rich nature 
of the effluents may thus provide a good source of 
nutrients for proteolytic organisms to flourish. 

Microscopic identification showed the isolate as spore-
forming, Gram-positive rods, having flat elevation. Further 
identification showed the bacteria was catalase-positive 
and utilized citrate, it also utilized a range of hexose 
sugars, and disaccharide sugars (sucrose, maltose). 16S 
rDNA showed the isolate to have a 95.75 % homology 
with Bacillus ruris NR_042161.1 upon submission of the 
sequence to the gene data bank of National Center for 
Biotechnology Information (NCBI). Naidu (2011) reported 
Bacillus species as being excellent protease producers. 
Sharma et al. (2017b) highlighted microbial enzyme 
activity as a function of several factors including 
nutritional and cultural variables viz. pH, temperature, 
carbon and nitrogen sources and duration of incubation of 
the microorganisms. 

  Figure 1. Screening for protease activity  

The purification profile (Table I) of Bacillus ruris 
protease showed that the total protease activity and total 
protein content were reduced significantly across the 
purification steps with the crude fraction having the 
highest values. The protease purification was found to 
decrease from 1 to 0.516 purification fold using Sephadex 
G-100 column chromatography. This is similar to reports 
by Josephine et al. (2012) and Jayashree et al. (2014) who 
reported a rise in the purification fold of Bacillus spp 
protease (Guleria et al., 2016). This disagrees with reports 
by Naidu (2011) and Bajaj and Jamwal (2013) who 
reported increased protein content when purification was 
carried out to obtain the pure protease enzyme. 

Bacillus ruris protease was relatively stable across 
varying pH, maintaining relative stability at alkaline 
conditions up to pH 9.0, after which further rise in pH 
resulted in reduced protease activity (Figure 2). It was a 
good candidate for alkaline protease production, which is 
similar to findings by (Chu, 2007). These findings align 
with findings by Naidu (2011) who reported high Bacillus 
subtilis protease activity at pH 9.0. Niyonzima and More 
(2014) also reported that Bacillus spp. alkaline protease 
maintained stability within pH 8.0 – 12.0. Jayashree et al. 
(2014) reported a Methylobacterium sp. protease which 
retained over 50% activity at pH 7.0 - 11.0 but decreased 
to 30% beyond pH 12.0. Takami et al. (1990) attributed 
the increase in protease activity around the alkaline range 
to the binding that occurs in the enzyme-substrate 
complex, because pH greatly influences enzyme-substrate 
binding (Niyonzima and More, 2014). 
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Table I. Purification profile of Bacillus ruris protease 

Purification steps 
Total protease activity 

(U/mL) 
Total protein 

(U/mL) 
Specific activity 

(U/mg) 
Purification fold Recovery yield % 

Crude extract 1432.27 26.88 53.284 1 100 

80% Ammonium sulphate precipitation 935.21 19.25 48.582 0.912 65 

Dialysis 657.32 14.13 46.519 0.873 46 

Gel chromatography 278.32 10.12 27.502 0.516 19 

The results showed that the protease enzyme 
maintained relative stability after one hour when pre-
incubated at varying temperatures between 20 - 70 ℃ as 
shown in figure 3, although activity decreased with 
increasing temperatures. Bacillus ruris protease had its 
highest activity at 50 ℃ (100%), while further temperature 
rise resulted in reduced protease activity decreasing to 
77.042 % at 70 ℃. This result agrees with reports by 
(Adinarayana et al., 2003; Giri et al., 2011; Jayashree et al 
., 2014; Niyonzima and More, 2014; Ramkumar et al., 
2018) who reported protease stability at 50 ℃. This 
contrasts with Naidu (2011) who reported a reduction in 
protease activity beyond 35 ℃. This inherent activity of 
the protease at alkaline and wide temperature regimes 
implies its potential for use across a range of washing 
temperatures (Niyonzima and More, 2014).   

These findings show that Bacillus ruris protease 
activity was stimulated by Ba2+, Zn2+, Cu2+, Ca2+, Mg2+, 
and Mn2+ with K+ (Figure 4) supporting the least protease 
activity, this highlights the protease stability in the 
presence of metals. This result is similar to reports by 
(Niyonzima and More, 2015) who reported that Ca2+ and 
Mg2+ stimulated protease production. Anandan et al. 
(2007); Niyonzima and More (2015); Sharma et al. (2005); 
Dubey et al. (2010) and Kalpana devi et al. (2008) 
positioned the importance of cations in maintaining the 
enzyme active sites, thus, improving protease 
thermostability. Also, Lobedanz et al. (2016) suggested 
that the actions of metal ions are dependent on their ability 
to bind specific sites in the enzyme molecule, ensuring the 
stability of the active enzyme conformation. 

The findings show that increased substrate 
concentration also resulted in increased protease activity 
with the highest protease activity obtained at 1.5 mg/ml, 
while further increase in substrate concentration resulted in 
reduced protease activity (Figure 5). This corresponds to 
reports by Devanadera et al . (2016); Ramkumar et al . 
(2018); El-Safey and Abdul-Raouf (2004); Sumantha et al. 
(2006) who reported appreciable affinity for an increase in 
substrate concentration by protease enzyme after which 
further increase resulted in reduced protease production. 
The apparent Km value of protease hydrolysis indicated 
the higher affinity and efficient catalytic role of Bacillus 
species protease towards their substrates to concentrate the 
active sites of an enzyme Ramkumar et al. (2018), as 
shown in Figure 6. It is also a measure of the enzyme-
substrate (ES) complex. Singh et al. (2014) and Singh and 
Bajaj (2017) highlighted that proteases being designed for 
biotechnological applications should be robust and possess 
the structural and kinetic adaptations essential for extremes 
of industrial microenvironments, such as extreme 
temperature, pH and presence of inhibitors. 

Findings from this study showed that surfactants such 
as tween 20, triton X, (SLS), (SDS), enhanced the protease 
activity of Bacillus ruris, while inhibitors such as 2-

mercaptoethanol (BME), dithiothreitol (DTT), and 
ethylenediaminetetraacetic acid (EDTA) had varying 
inhibitory effects on Bacillus ruris protease as shown in 
Figure 7. This result is similar to reports obtained by 
Jayashree et al. (2014) who reported improvement of 
protease activity by tween 20 and triton X and minimal 
effects of the oxidizing agents on protease enzyme. Further 
studies on enzyme inhibition could offer more insights 
regarding the nature of the proteases, its cofactor 
requirements and its active center (Jayashree et al., 2014). 
The role of DTT in decreasing protease activity could be 
due to the excision of the intramolecular disulfide bonds 
essential for maintaining protease activity and stability 
(Jayashree et al., 2014; Satyanarayana et al., 2013 and Rai 
et al., 2010).  

The protease maintained relative stability in the 
presence of some commercial detergents (Figure 8), which 
is similar to reports by Adinarayana et al. (2003) and 
Ramkumar et al. (2018) who reported enzyme addition in 
detergents. Bajaj and Jamwal (2013) also reported a 
protease from Bacillus pumilus which showed significant 
stability and compatibility with surfactants and 
commercial laundry detergents at ambient temperature.  

 
Figure 2. Effect of pH on activity of protease enzyme 

Figure 3. Effect of temperature on the activity of protease 
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Figure 4. Effect of metal ions on protease activity  

 

 
Figure 5. Effect of substrate concentration on protease activity  

 
Figure 6. Lineweaver-burk plot for the hydrolysis of casein by the 
purified protease of Bacillus ruris 

 
Figure 7. Effects of surfactants, inhibitors and oxidizing agents on 
protease activity 

 

 
Figure 8. Protease activity in the presence of commercial 
detergents  

5. Conclusion 

In this study, an alkaline and thermostable protease was 
produced using Bacillus ruris isolated from vegetable oil 
effluents in submerged fermentation. The protease 
maintained relative stability to inhibitors and commercial 
detergents. Protease remains one of the most important 
groups of industrial enzymes with numerous 
biotechnological applications. This suggests its potential 
for inclusion in a detergent formulation as well as other 
biotechnological uses. Further study on the protein 
interactions is necessary to tailor the protease 
appropriately for use.  
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Abstract 

Medicinal plants have been used for many years as an ancient curative method for treating and healing wounds in different 
cultures. Therefore, and accordingly this work has been conducted to study wound healing activity of Moringa 
oleifera leaves extract cultivated in the Kurdistan region in the northern Iraq (KRG). In the current investigation, 
experimentally-induced wounds in rats have been infected with strains of Staphylococcus aureus and Pseudomonas 
aeruginosa clinically isolated from the wound site in hospitalized patients. High Performance Liquid Chromatography 
(HPLC) is used to determine some bioactive compounds within the extract. Plant leaf was extracted by using the maceration 
method and 70% ethanol as solvent. The HPLC results were dependent on comparison between the extract with standards. 
Two lacerated wounds were made on each animal at either side of the thoracolumbar spine and inoculated by a 0.4 ml 
bacterial suspension. The treatment regimen was for 14 days with different formulation of ethanolic leaves extract, and 
gentamicin ointment as a control positive. At the end point of the experimental trial, animals were euthanized humanly at 
day 15. Samples from healed-wounded skin was prepared for histological evaluation. Generally speaking, our findings 
indicated that alcoholic leaf extract showed potential wound healing property in different concentration as a dose-dependent 
manner of the extracted ointment 3.5%, 5%,10% particularly 10% of the extract formulation which showed better results in 
comparison to gentamicin ointment. The presented essential constituents for Moringa leaf derivatives were gallic acid (3461 
ppm), catechin (1201 ppm), rutin (286 ppm) and quercetin (88 ppm). Last but not least, the extract was able to provide 
promising evidence to possess a drug formulation material. 

 Keywords: Moringa oleifera, leaves extract, Bioactive compounds, HPLC, Wound healing.  
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1. Introduction  

The largest organ of the body is skin which acts as a 
barrier against external means. The loss of skin tissue 
integrity, as in the development of wound, can cause 
lesions or illnesses (Sussman and Bates, 2007). 
Disturbance of the cellular and anatomic progression of a 
tissue defined as the wound  with or without microbial 
infection is happening due to cut with sharp-edged things 
or any accident (Sabale et al., 2012). It may occur due to 
chemical, immunological, physical and microbiological 
attacks to the tissue, leading to cellular disruption of tissue 
is occurring. Healing of wound is a procedure in which 
tissue regeneration occurs (Alam et al., 2012). Wound 
healing is a natural circumstance by which the body itself 
replacing normal structure functions and gets over the 
damage to the tissue. The skin wound healing process 
includes progress in different phases such as hemostasis, 
inflammatory, proliferative and remodeling (Eming et al., 
2014). Natural sources of biologically active compounds 
were medicinal plants (Ji et al., 2009; Zhang and Ma, 
2018). Some of these biologically active compounds have 
advantageous effects, which can be used to enhance 
human health (Mohammed and Manan, 2015). The usage 

of medicinal plants as an alternative to chemically 
synthesized drugs within the treatment of diseases has 
been accepted worldwide (Liew and Yong, 2016; Khdhir 
et al., 2019). Many medicinal plants are monitored for 
powerful, newer and low-cost wound-healing agents 
(Boakye et al., 2018). Any plants characterized and proved 
to be antioxidant, antimicrobial and antiproliferative can 
be used in the wound treatment as an ointment delivery 
system (Arun et al., 2016). Plants were used for this 
purpose, such as Aloe vera, M. oleifera, and Kigelia 
Africana, green tea, Echinacea, grapevine, ginseng, 
chamomile, rosemary (Pazyar et al., 2014). M. oleifera is a 
plant that belongs to the family Moringaceae. It is 
commonly known as the drumstick tree or horseradish tree 
and is native to India but grown in different parts of the 
world. M. oleifera can be characterized by its nutritional 
values and medical uses. The plant of Moringa includes 
various components, which are quercetin, kaempferol, 
vitamins, carotenoids, B-sitosterol, caffeoylquinic acid, 
zeatin, tannin, flavonoids, alkaloids, polyphenol, phenolic 
acid, oxalates, isothiocyanates saponins, glucosinolates 
and phytates (Anwar et al., 2007; Tahir et al., 2020). 
Different methods to separation of these bioactive 
compounds such as high-performance liquid 
chromatography (HPLC) is a tool to determine qualitative 
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and quantitative analysis of bioactive constituents such as 
phenol and flavonoids in the different plant parts (Nouman 
et al., 2016, Maqsood et al., 2017). Traditionally, leaf-
paste of M. oleifera has been applied to infected wounds 
and treatment of sore eyes by traditional healers and has 
been shown to be successful (Rathi et al., 2006). Many 
studies have shown that the leaf, flower, bark, root, seed, 
and nearly all of M. oleifera plants exhibit antimicrobial 
activity including antibacterial, antifungal, antiviral and 
antiparasitic activity. Many medicinal uses were also 
reported, which include anti-inflammatory, anti-
hypertensive, antioxidant, hepatoprotective, anti-diabetic, 
anticancer, analgesic activity, cholesterol-lowering 
activity, cardiac and circulatory stimulant (Nweze and 
Nawfor,2014; Mbosso et al.,2014; Rani et al., 2018). 

M. oleifera leaves cultivated in Kurdistan region 
(KRG) of Iraq have never been screened for wound 
healing activity in Kurdistan region. Therefore, the 
objectives of this study are to determine the healing 
properties of M. oleifera extract on an infected wound in 
male wistar albino rats and to identify some bioactive 
compounds present in leaves using HPLC method. 

2. Materials and Methods  

2.1. Plant collection and identification 

Leaves of M. oleifera were collected from Baranan 
mountain when cultivated for the first time in KRG-Iraq. 
The Baranan mountain has rocky slopes and valleys. 
The Moringa plantations are situated [latitude: 
35.18279°N, longitude: 45.65111°E and altitude: 879.1 
masl. Annual rainfall: 450-700 mm, temperatures ranged 
from -5° C to 45°C] (Tahir et al., 2018). The plant was 
authenticated by the plant taxonomist Assistant Prof. Dr. 
Karzan O. Qadir at Biology Dept., College of Science 
/University of Sulaimani. The collected aerial parts were 
air-dried then ground into powder using a mechanical 
grinder (GEEPAS) and packed into an ice-packed plastic 
container for further use. 
2.1.1. Plant extraction 

Fifty grams of collected powdered form of leaves 
weighed and extracted with 1000 ml of 70% ethanol by 
maceration, using shaker incubator (Daihan LABTECH) 
for 72 hrs at 40°C. The extract solution was filtered by 
using filter paper (Whatman No.1) and the filtrate 
concentrated at 45°C by rotary evaporator (Heidolph); 
finally, the resulting extracts were freeze-dried by 
lyophilizer (Alpha 1-2 4Dplus) and the resultant crude 
powder was kept at -20 until use (Vongsak et al., 2013). 

2.2. . Phytochemical analysis with the HPLC method 

 An amount of 0.5 g of plant powder was extracted 
with 10 ml of methanol (HPLC grade) for 1 h on a 
magnetic stirrer. The extract was achieved at room 
temperature and kept from light. After filtering the extract, 
the residue was re-extracted with the same volume of 
methanol, then both of the filtrates were mixed and 
evaporated to dryness. After that, it was dissolved in 5ml 
methanol (HPLC grade) to a final 1% concentration. Next, 
it was filtered using 0.45 μm membrane filters. Finally, the 
samples were stored at 4 °C, aiming bioactive compound 
identification (Azeez et al., 2017). Different 

concentrations of standards were used, 15ppm of gallic 
acid, rutin, catechin and 10ppm of quercetin. 

2.3. Isolation and identification of bacterial isolates 

 Clinical isolates of S. aureus and P. 
aeruginosa were isolated from swab samples from 
wound infection in patients attending Shar Hospital. The 
isolates were identified using Gram staining, 
microbiological analysis using differential media 
(Mannitol Salt Agar, Cetrimide Agar) and Biochemical 
tests (VITEC2). 

2.4. Experimental design 

The healthy adult male Wistar albino rats of about 200-
300g body weight were used; Animals were attained from 
Department of Biology, College of Education, University 
of Sulaimani; they were housed in a controlled 
environment that was a 12 hours’ light/dark cycle, with a 
temperature of (23±5°C), and the rats were supplied with 
tap water and food ad libitum. The handling of animals 
and all of the experiments were carried out following the 
institutional guidelines and the Ethical Committee for 
Animal Research of Sulaimani University. The rats were 
housed individually in individual polyethylene cages kept 
one week before the experiment for adaptation. The rats 
were fasted overnight and then anesthetized as described 
by (Eyaref and Amid, 2010), with an intraperitoneal 
injection of 5% ketamine (35.0 mg/kg) and 2% xylazine 
(5.0 mg/kg). Two laceration wounds (3 cm long, 1cm 
deep) made on either side of the thoracolumbar spine of 
each rat were discussed by (Moscati et al., 1998). The 
dorsal hair of rats was shaved by an electric shaver and the 
surface was cleaned with antiseptic. Bleeding was 
restricted by using sterile gauze pressure. Following 
laceration, wounds were inoculated with (0.4 ml 
of inoculum for each S. aureus and p. aeruginosa) 
standardized inoculum by spectrophotometer (108 
CFU/mL), let to not spread for 30 min. 

The experimental rats were randomly divided into 7 
groups with 6 animals per each group: 

G1: wound without infection and treatment. 
G2: infected wound without treatment. 
G3: infected wound treated with Vaseline. 
G4: infected wound treated with Gentamicin ointment. 
G5: infected wound treated with M. oleifera leaf 

ethanolic extract in 3.5% ointment base. 
G6: infected wound treated with M. oleifera leaf 

ethanolic extract in 5% ointment base. 
G7: infected wound treated with M. oleifera leaf 

ethanolic extract in 10% ointment base. 
2.5. Ointment preparation 

 For preparing extract formulations, 1.75g (3.5%), 2.5g 
(5%), 5g (10%) of the extract mixed with 48.25g, 47.5g, 
45g white Vaseline, respectively. All ingredients of leaves 
extract ointment were mixed in the mortar and stirring 
constantly until homogenous and form an ointment 
preparation, and put in a clean container for topical 
application during the experiment (Laut et al., 2019). 
2.5.1. Treatment schedule 

 An amount of each of extract ointment, Gentamicin 
ointment as standard ointment and Vaseline was put in 
wounds once per day to treat different groups of animals 
for 14 days. 
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2.6. Histopathological Assessment 

At day 15 of the experiment, the rats were slaughtered, 
tissue sections were taken from healed wounded skin for 
all rats, placed in 10% neutral buffered formalin solution 
for optimum fixation at the minimum 24hrs, at room 
temperature. Following fixation, the specimens were 
gradually dehydrated by using the ascending percentage of 
ethanol solution (60, 80, 90, and 98%, v/v), then cleared in 
xylene and embedded in paraffin. Histopathological tissue 
sections of 5 𝜇m thickness were obtained and standard 
Hematoxylin and Eosin techniques were used for staining, 
and finally mounted on a glass slide then visualized under 
the light microscope (Prisacaru et al., 2013). 
2.6.1. Semi-quantitative histopathological evaluation 

As a quantitative measure, histological sections of skin 
wounds from each animal were estimated and measured in 
µm and statistically evaluated as a mean percentage. While 
inflammatory cells were counted in a randomly chosen 10 
fields tissue sections under high power magnification 
(100X), then the mean average was calculated statistically 
in percentage. Moreover, the area of granulation tissue 
formation, proliferated collagen fibers and epidermal 
thickness was measured in µm, and semi quantitatively 
evaluated in the same manner as inflammatory cells. 
Tissue samples were analyzed under the light microscope 
by the mean of image analyzer software (AmScope Ver. 
3.7) using a digital microscope camera (MU300). The 
mean percentage of calculated values were estimated as 
following lesion scores (score >75% as mild lesion; score 
50-75% as moderate lesion; score <50% as a severe lesion) 
(Aziz et al., 2020). 

2.7. Statistical analysis  
Statistical analyses were conducted with SPSS20 

(USA) software. Differences between groups were 
evaluated by ANOVA followed by Tukey post hoc test. 

3. Results 

3.1. Phytochemical analysis with the HPLC method 

The results of qualitative and quantitative estimation of 
some bioactive compounds in the crude ethanolic extract 
of M. oleifera leaves by using HPLC assay “which is for 
the first time estimated in Kurdistan Region” indicated the 
presence of gallic acid, rutin, quercetin and catechin based 
on the retention time of the extract with different standards 
as represented in (Table 1); different concentrations of the 
compounds were used.  

(Figure 1, 2, 3, 4) HPLC analysis of different standards:  
gallic acids, rutin, quercetin and catechin respectively, 
with (Figure 5) HPLC chromatogram of the ethanolic 
extract of M. oleifera. 

Quantity of each compound was shown in (Figure 6): 
gallic acid (3461 ppm), rutin (286 ppm) and quercetin (88 
ppm) and catechin (1201 ppm). 

Table 1. Retention time, area and concentration of standards.  

Compounds  Retention 
time (Min.) 

 Peak area  Concentration of the 
standard compound 
(ppm) 

Gallic acid  3.06 100.314            15 
Rutin   9.55 259.897            15 
Quercetin   10.50 848.785            10 
Catechin    11.90 916.878            15 

 
Figure 1. HPLC analysis for gallic acid standard. 

 
Figure 2. HPLC analysis for rutin standard. 

Figure 3. HPLC analysis for quercetin standard. 

Figure 4. HPLC analysis for catechin standard. 
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Figure 5. HPLC chromatogram of M. oleifera leaf extract. 

Figure 6. Concentration of some bioactive compounds 
accumulated in leaves of M. oleifera.   

3.2. Wound healing property of M. oleifera  

 Histopathological features of lacerated animal skin 
were represented in (Figure 7) group1; after 14 days of 
laceration, the untreated wound showed individual 
variation. This figure shows diffuse dissemination of 
losing granulation tissue (GT), which is interlaced with 
newly formed blood vessels (BV). The section (upper left) 
shows necrotic debris at the skin surface mixed with 
inflammatory cells and dispersion of pink amorphous 
ground substances. While the upper right section displays 
vast proliferation of thicker granulation tissue (GT) 
perpendicular to the newly formed blood vessels and re-
epithelialization of the epidermis (EP). This variation in 
healing may be due to the different immune response 
amongst the individuals and/or the animals may be already 
were infected.  Group2a, which represents the infection by 
gram-positive bacteria S. aureus without treatment, 
indicates the formation of a significant amount of 
granulation tissue (GT) at the dermal layer with the 
presence of some giant cells, and newly formed blood 
vessels can also be seen. The section shows a considerable 
amount of necrotic debris at the epidermal layer. When 
compared with group2b (which represents infection by 
gram-negative bacteria p. aeruginosa without treatment), it 
shows a remarkable amount of fibrinous inflammatory 
exudate (IE) mixed with many inflammatory cells and 
bacterial colonies. Besides, the section reveals the 
deposition of a significant amount of proteinous ground 
substances in the dermis (GS). The section also shows the 
presence of many hair follicles (HF). Examination of 
(Figure 8) group3a, gram-positive, vaseline treated group 
reveal a significant loss (GT) formation, with an obvious 
longitudinal section of newly formed blood vessels and 
some (HF). The section (group3a) shows extended 
collagen bundles (CB), in addition the section showed 
epidermal tissue (ET) which were thicker than group3b. 

Whereas, the group3b (gram-negative vaseline treated 
group) showed substantial proliferation of thick 
collagenous (GT). The area displays pinkish randomly 
running collagen fibers (CF). In addition, the section 
shows many (HF) and sebaceous glands. It may occur 
because of contraction of elastic fibers, more collagen 
fibers and elastic fibers were formed; it causes wound 
contract, nearing the wound edge, pulls hair follicles and 
sebaceous gland from surrounding wound skin into near 
the wounded area. Whereas group4a, gram-positive, 
gentamicin 0.1% ointment shows the considerable 
formation of (GT) together with perpendicular newly 
formed (BV). The section (group4a) shows some area of 
(HF) and significant regeneration of epidermal layer which 
is more than in group4b. The group4b (gram-negative, 
gentamicin 0.1% group) reveal significant development of 
(GT) at the wound area, assorted with clear deposition of 
pinkish (GS), together with the apparent formation of new 
blood vessels with proliferated (CF). Gentamicin ointment 
accelerates or stimulates wound healing through the 
formation of perpendicular blood vessels, regeneration of 
hair follicles and epidermal layer.  Groups in (Figure 9) 
group5a, group6a and group7a, gram-positive, 3.5%, 5%, 
10% plant extract formulation treated group respectively, 
appeared to heal better than the controls based on gross 
examination and histopathological evaluation. The wounds 
in all extract-treated groups showed significant formation 
and distribution of (GT), newly regenerated sebaceous 
gland and (HF) and excessive amount of collagen fibers 
and mature epidermis with a well-formed keratin layer, 
there was no noticeable necrosis or inflammation. (Figure 
9) group5b, group6b and group7b which represent infected 
lacerated wound with gram-negative bacteria P. 
aeruginosa treated by 3.5%, 5%, 10% plant extract 
formulation, respectively. These sections demonstrate 
diffuse and proliferation of (GT) together with the 
proliferation of (CF) and significant amount of (GS) as 
well as many regenerated (HF). Excellent re-
epithelialization indicated by re-establishment of the 
epithelial continuity in the form of a mature epidermis 
with a well-formed keratin layer were also shown. From 
this preliminary study, it can be illustrated that the rats 
infected by gram positive bacteria and treated with 
different formulation of plant extract possess better and 
moderate wound healing comparing to the vaseline and 
gentamicin treated group. Moreover, among plant extract 
treated groups, 10% extract treated group show better 
wound healing represented by less scarring, brighter skin, 
many regenerated hair follicles and sebaceous gland in 
comparison to those treated with 5% and 3.5% of plant 
extract and gentamicin treated groups. However, it is 
important to acknowledge that these observations were 
only based on the microscopic level to the changes 
occured inside the wound which treated during fourteen 
days.  

Table 2 represents the semi-quantitative measurement 
of wound healing properties of M. oleifera leaves. Since 
wound healing histological biomarkers show a significant 
increase in G1 control wound and other treatment groups 
including G3a, G4a and G7a which comprise vaseline, 
gentamicin and 10% plant extract formulation treatment 
group respectively, these treatment groups have been 
infected with gram-positive bacteria showing significant 
P<0.05 increment in (GT) and (CF) proliferation as well as 
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proper re-epithelialization. While wounds infected with 
both gram-positive (G2a) and gram-negative (G2b) 
bacteria and didn’t receive any treatment (untreated 
infected wounds) shows unfortunate healing behavior in 
comparison with the rest treatment groups. On the other 
hand, other treatment groups for both gram-positive and 
gram-negative bacterial infection express moderate healing 
properties in comparison with G3a, G4a and G7a, which 

display significant healing performance among other 
groups. Thus, in conclusion, and according to lesion 
scoring shown in (Table 2), plant extract treatment groups 
show healing properties in all infected wounds, 
particularly in gram-positive groups in comparison to 
chemically synthesized ointment as positive control. 
However, it is in a dose-dependent manner. 

Figure 7. Photomicrograph of skin from groups; (G1) wound untreated group shows diffuse dissemination of loose (GT), which is 
interlaced with newly formed (BV) and (yellow arrows). The section shows deep pink necrotic debris at the skin surface mixed with 
inflammatory cells (ND). Dispersion of pink amorphous ground substances (GS). The upper right section shows apparent epidermal 
regeneration (EP). (G2a) gram-positive, untreated group indicates the formation of (GT) at the dermal layer with the presence of some giant 
cells (yellow arrow). Newly formed (BV) can also be seen. The section shows a considerable amount of necrotic debris (ND). (G2b) gram-
negative, untreated group demonstrates deposition of fibrinous inflammatory exudate (IE) mixed with many inflammatory cells and bacterial 
colonies (yellow arrows). In addition, the section reveals the deposition of pinkish pretentious (GS) in the dermis together with the presence 
of (ND). The section also shows the presence of many (HF). H&E. Scale bars: 4 mm 

Figure 8. Photomicrograph of skin from groups; (G3a) gram-positive, vaseline group, reveals a significant loose (GT) formation, with an 
obvious longitudinal section of newly formed (BV)(yellow arrows). The section shows proliferated (CF), nearly thick epidermal layer (EP) 
and some (HF). (G3b) gram-negative, vaseline group, show proliferation of dense collagenous (GT). The area displays pinkish randomly 
running (CF). In addition, the section shows many (HF) and sebaceous glands (yellow arrows). (G4a) gram-positive, gentamicin treatment 
group, show formation of (GT) together with perpendicular newly formed (BV). Yellow arrows indicate significant regeneration of the 
epidermal layer. The area also shows some sections of (HF). (G4b) gram-negative, gentamicin treatment group, reveal the development of 
(GT) at the wound area, assorted with clear deposition of pinkish (GS), together with the apparent formation of new (BV) (yellow arrows) 
and proliferated (CF) along with the regenerative epithelial layer (EP). H&E. Scale bars: 4 mm. 
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Figure 9. Photomicrograph of skin from groups; (G5a) gram-positive, 3.5% plant extract treatment group, reveals prominent fibrous 
connective tissue proliferation and (GT) formation, Indicated by bundles of proliferated (CF). Marked deposition of eosinophilic (GS) in the 
dermis. The section shows the reformation of many (HF) (yellow arrows). (G5b) gram-negative, 3.5% plant extract treatment group, 
displays formation and proliferation of (GT), in which extended and interlaced newly formed (BV) (yellow arrow). The proliferation of (CF) 
within the dermal layer, regeneration of some (HF) and the epidermis (EP) can also be seen. (G6a) gram-positive, 5% plant extract 
treatment group, shows significant formation and distribution of (GT) extended deeply into the dermis, together with newly regenerated 
sebaceous glands and (HF) (yellow arrows). The section shows an excessive amount of proliferated (CF). (G6b) gram-negative, 5% plant 
extract treatment group, demonstrates prominent (GT) formation together with the deposition of pinkish (GS). The section reveals the 
regenerative proliferation of (CF) and epidermal layers (yellow arrows). (G7a) gram-positive, 10% plant extract treatment group, show 
distinct proliferation of (CF) interlacing with (GT) formation .Presence of many newly formed sebaceous glands and (HF)(yellow arrows). 
The section also shows excessive regeneration of epithelial tissue leading to the formation of many epidermal papillae (EP). (G7b) gram-
negative, 10% plant extract treatment group, display significant (GT) formation together with the proliferation of large bundles of pinkish 
(CF) within the dermis. The section shows many regenerated (HF) distributed within the dermal layer (yellow arrows) along with the 
regenerative epidermal layer (EP). H&E. Scale bars: 4 mm. 

Table 2. Histological quantitative evaluation of skin wound with different treatment values 
Experimental 
Groups 
N=6 

Granulation 
Tissue Formation* 
(Mean%)** 

Inflammatory 
Cells Infiltration 
(Mean %)** 

Collagen Fibers 
Proliferation* 
(Mean %)** 

Skin Epidermal 
regeneration* 
(Mean %)** 

Lesion 
Scoring 
(0 -100%) 

Lesion 
Grading 

(G1) CWG†  78.9  A# 64.1  C 73.7 B 61.7  C 60-100  Mild 
(G2a) G+ve WUG  57.4  C 74.3  B 58.5  C 44.8  E 40-75  Severe 
(G2b) G-ve WUG 24.2  E 87.9  A 21.2  E 28.2  E 20-75  Severe 
(G3a) G+ve + VTG  84.6  A 77.5  A 85.1  A 71.4  B 70-100  Mild 
(G3b) G-ve + VTG  65.4  C 73.6  B 68.2  B 64.9  C 60-75  Moderate 
(G4a) G+ve + GTG  79.2  A 70.6  B 84.8  A 63.8  C 60-85  Mild 
(G4b) G-ve + GTG  61.6  C 69.2  B 59.7  C 60.5  C 60-75  Moderate 
(G5a) G+ve + 
3.5%PETG  60.7  C 64.8  C 61.8  C 68.3  B 60-75  Moderate 

(G5b) G-ve + 
3.5%PETG  54.2  D 69.4  B 53.9  D 59.4  C 50-75  Moderate 

(G6a) G+ve + 
5%PETG  62.4  C 60.6  C 68.6  B 67.8  B 60-75  Moderate 

(G6b) G-ve + 
5%PETG  60.7  C 67.9  B 61.3  C 62.6  C 60-75  Moderate 

(G7a) G+ve + 
10%PETG  74.3  B 54.6  D 80.8  A 73.6  B 50-85  Mild 

(G7b) G-ve + 
10%PETG  65.7  B 60.3  C 72.6  B 68.4  B 60-75  Moderate 

Notes: *Area of granulation tissue formation, collagen fibers proliferation and skin epidermal regeneration were estimated in (µm). **Each 
value represents the mean percentage of (n=6). #Statistical comparison among groups: Mean values with different capital letters have 
significant differences at (P < 0.05). †G1: Control wound group; G2a: Gram-positive and wound untreated group; G2b: Gram-negative and 
wound untreated group; G3a: Gram-positive and vaseline treatment group; G3b: Gram-negative and vaseline treatment group; G4a: Gram-
positive and gentamicin treatment group; G4b: Gram-negative and gentamicin treatment group; G5a: Gram-positive and 3.5%plant extract 
treatment group; G5b: Gram-negative and 3.5%plant extract treatment group; G6a: Gram-positive and 5%plant extract treatment group; 
G6b: Gram-negative and 5%plant extract treatment group; G7a: Gram-positive and 10%plant extract treatment group; G7b: Gram-negative 
and 10%plant extract treatment group. 
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4. Discussion  

Owing to the occurrence of various secondary 
metabolites as alkaloids, tannins, glycosides and 
flavonoids, medicinal plants were lauded for their various 
pharmacological actions (Ali et al.,2008) (Pham et 
al.,2008). The current study determines the quality and 
quantity of some bioactive compounds in M. oleifera leaf 
by using HPLC method for the first time estimated in 
Kurdistan region. Determining of these compounds is 
correlated with the previous study which detected 
quercetin and rutin in methanolic extract of M. 
oleifera leaf (Khudaer et al., 2016). The presence of 
different phenolic acids such as Vanillic, Caffeic, 
Chlorogenic, Cinnamic, Coumaric, Ferulic, Syringic in the 
methanolic extract is inconsistent with our study in 
ethanolic extract; also, this study confirmed the presence 
of quercetin and rutin as our result (Al-shamma, 2014). 
Detection of gallic acid and quercetin is correlated with 
our study by (Niranjan et al., 2017). The presence of 
different phenolic compounds such as catechin, gallic acid, 
rutin and quercetin was detected by (Oboh et al., 2015). 
Moringa is a medicinal plant rich in phenols (gallic acid, 
p-coumaric acid and ferulic acid) flavonoids (Catechin, 
quercetin, kaempferol and niazimicin) (Tahir et al., 2020). 
Analysis of bioactive compounds by HPLC is affected by 
several factors, including purification of the sample, 
mobile phase, detectors and sorts of column (Katsube et 
al., 2004). 

There are a number of wound contaminants which 
invade wound after occurring when it is exposed to 
external environments such as Escherichia coli, S. 
aureus and P. aeruginosa (Bowler et al., 2001). Wound 
healing is a complex and dynamic process in which the 
structure of cells and tissue layer of injured tissue are 
restoring into its natural state as carefully as possible. The 
healing process can be classified as a natural body 
mechanism to re-generating of epidermal and dermal 
tissues. It is clear that the rapidity of healing is directly 
related to providing suitable conditions of the damaged 
area to overcome the wound and the damage 
(Periyanayagam and Karthikeyan, 2013). Eventual agents 
to wound healing are plant products and mostly preferred 
due to their broad accessibility, non-toxicity, efficacy as 
crude preparations and little or lack of undesirable side 
effects (Kodati et al., 2011). The present investigation 
describes the wound healing activity of M. oleifera leaves; 
the crude extracts exhibited higher potency in infected rats 
with S. aureus and P. aeruginosa than the infected rats 
with no treatment and those treated by Vaseline and 
gentamicin ointment. Phytochemical analysis of M. 
oleifera indicated important classes of secondary 
metabolites that play an active role in wound healing and 
inhibition of microbial growth. Phytochemicals in M. 
oleifera which may speed up wound healing in rabbits 
(Kasolo et al., 2010). Topical application of M. oleifera 
leaves ethanolic extract in 3.5%, 5% and 10% ointment 
base stimulated wound healing in 14 days may due to the 
presence of flavonoids and phenols that may enhance 
vascularity, collagen synthesis promotes collagen cross 
linked (Kirubanadan and Bharathi, 2016). The result of 
this study is in agreement with the previous study which 
showed leaf ethyl acetate of M. oleifera extract had a 
potential therapeutic agent for healing wound through 

increasing wound closure rate and promote fibroblast 
proliferation examined histologically (Gothai et al., 2016). 
Topical use of ointment with 3.5% and 5% of the extract 
influenced rapid wound closure rate, leading to faster 
epithelialization, granulation tissue resolution, and 
maturation at histology (Coker et al., 2018). Other studies 
reported that M. oleifera leaves contain nitrogen 
containing naturally occurring compounds which are 
called alkaloids which make them capable to intercalate 
with microorganism’s DNA, hence they have 
antimicrobial properties. Tannins and flavonoids have 
been investigated and had shown antioxidant activity that 
enhance wound healing. Therefore, the high antioxidant 
activity of Moringa genus mostly because of its higher 
concentration of flavonoids (Wang et al., 2017). Presence 
of high phenolic content in the extracts of different plants 
may be responsible for the free radical scavenging activity 
of the extracts (Devika et al., 2016). Phenolic compounds, 
specifically tannins, and flavonoids are familiar to 
antimicrobial effects and facilitate faster skin replacement. 
Quality of phenolic compounds, the interaction of these 
metabolites, and their quantities in an extract sometimes 
give a connection with activity since the bioactivity of the 
secondary metabolites, including phenolic compounds. In 
tissue healing processes and skin burns, phenolic protein 
complexes produce a film that prevent chemical damage 
and microbial infection as this film prevents dehydration 
and make a physical barrier to damaged tissue (Luseba et 
al., 2007). Daily application of antibiotic ointments, 
besides the antibacterial activity provides moisture to the 
scar to help boost scar products by rapid epithelialization. 
This explains better scar results in our gentamicin ointment 
treated group that shows more re-epithelialization, fibrous 
granulation tissue consisting of fibrous connective tissue 
and newly formed blood vessels, mature collagen bundles 
in the dermal connective tissue and healthy hair follicles. 
Ointment formulation containing ethanol leaf extract of 
cultivated M. oleifera demostrated better wound healing 
activity through reduced contraction rate and 
epithelialization period. Ethyl acetate fraction of M. 
oleifera was assessed in scratch assay and showed 
important constituents which effective in promoting cell 
proliferation and migration to close wound area (Gothai et 
al., 2016). Many polyphenolic compounds are able to 
reduce the expression of different pro-inflammatory 
cytokines, such as monocyte chemo attractant protein 
MCP-1, tumor necrosis factor TNF-α, interleukin IL-1β, 
IL-6, in many cell types (Comalada et al., 2006). Quercetin 
is one of the bioactive compounds analysed through HPLC 
method in the present study. It has anti-inflammatory 
mechanism by inhibition of the expression of pro-
inflammatory cytokines in the mast cell and suppression of 
TNF-α, thus, effect the wound healing (Pan et al., 2009). 
The use of the extract in ointment is more affective due to 
prolonged contact between extract with the wound area 
and it enhances the delivery of the extract to the wound 
site (Coker et al., 2018). 

Finally, the present study suggested that ethanolic 
extract of M. oleifera leaves in different formulations 
promotes wound healing activity as the extract contains 
several bioactive compounds that possess an anti-
inflammatory effect improving effective wound healing. 
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5. Conclusion  

The current study confirms that leaves of M. 
oleifera cultivated in the Kurdistan region, Iraq, potentially 
exert wound healing activity in rats. It may be due to the 
presence of diverse bioactive compounds in different 
concentration such as gallic acid, rutin, quercetin and 
catechin. All these mixes are effective anti-inflammatory 
compounds which promote wound healing. Further studies 
to isolate and purified active compounds are needed to find 
the exact mechanism of M. oleifera leaves on wound 
healing. 
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Abstract 

The lichen samples of Parmotrema tinctorum, Pseudocyphellaria aurata, Ramalina taitensis, Usnea bismolliuscula are 
being used as nutraceutical agents in indigenous system of medicine. The main objectives of this study were assessing the 
proximate composition in lichen samples of the extracts and their antioxidant properties. Using Liquid Chromatography 
Mass Spectrophotometric analysis with chemoprofiling of the studied lichen compositions were also done. The petroleum 
ether, acetone, methanol and water extracts of test samples obtained from Soxhlet apparatus were assessed for in vitro 
antioxidant activities using 1,1-diphenyl-2-picrylhydrazine, Superoxide anion radical, 2, 2'-Azino-Bis-3-
Ethylbenzothiazoline-6-Sulfonic Acid scavenging and Phosphomolybdenum reduction assays. The methanol extract of test 
samples revealed higher content of phytochemical constituents.  The acetone extract of P. aurata showed strong DPPH 
radical scavenging activity with IC50 value of 93.339 µg/mL. Similarly, the methanol extract of U. bismolliuscula and 
R.taitensis showed maximum ABTS scavenging potency and phosphomolybdenum reduction activity and with the highest 
values of 85.6 ± 0.5 TE/g and 150.68 ± 1.15 mg AA/g respectively. LCMS analysis of lichen extracts exhibited the 
secondary metabolites containing atranorin, sekikaic acid and usnic acid. It is concluded that these lichen species might be a 
valuable nutraceutical agent. Thus, the lichen extracts may further be assessed to toxic assays on experimental animals to 
confirm their biological activities.  
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1. Introduction 

Lichens contain mycobiont that has a defensive role 
and photobiont that supplies food. They have historically 
been used as spices in food, dyes in textile, odorant in 
perfume industry (Kosanic et al., 2014). In our human 
body, singlet oxygen, hydroxyl (OH−) radicals, super oxide 
(O2−) anions and hydrogen peroxide (H2O2) are biological 
Reactive Oxygen species (ROS) that induce oxidative 
stress and trigger degenerative diseases such as cancer, 
premature aging, diabetes, metabolism disorders and heart 
disorders (Kosanić & Ranković 2010). The lethal effect of 
radiation and pollutants and other exogenous factors are 
attributed to the formation of free radicals in biological 
systems.  Lichen secondary metabolites such as depsides 
dibenzofuran-heterocyclic aromatic compound, 
depsidones-ester and pulvinic acid are all natural phenolic 
compounds were described to have antioxidant activities, 
and hence attracted considerable attention (Nguyen et al., 
2019).  

Proximate elements of carbohydrates, proteins, fats and 
antioxidant properties of secondary metabolites of phenols 
are naturally found in lichens. Synthetic agents mostly 

used as conventional chemical antioxidants have been 
pronounced to pose side effects such as inflammation and 
cell damage. Therefore, there has been the global interest 
in finding promising alternative antioxidant compound 
from natural sources. Conventionally, following solvents 
with different polarities such as petroleum ether, 
chloroform, acetone and methanol have commonly been 
employed to extract compounds from lichen thallus (Biney 
et al., 2020) which deliver the dissolved compounds to 
diffuse into the cell through membrane pores and help to 
trigger its action. They have the property of low viscosity 
and high diffusivity (Biney et al., 2020).  

Although intensive and extensive assessment on the 
nutraceutical properties of most plants have been 
documented, little is known about the lichens in all over 
the World. Two such lichens include Parmotrema 
tinctorum and Pseudocyphellaria aurata, which are 
temperate foliose lichen. The relation of Parmotrema 
tinctorum with other spices in cooking is interesting and 
the use of this species may often add flavour in many 
dishes such as vegetables and meat by indigenous groups 
in Nepal and India (Upreti et al., 2005). Pseudocyphellaria 
aurata, also known as specklebelly, belonged to the family 
Lobariaceae, while members of genus Pamotrema called 
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as “ruffle lichens” belonged to Parmeliaceae. The tea 
prepared from Pseudocyphellaria aurata is considered to 
be beneficial for the health, particularly for the intestinal 
tract in curing indigestion. This has been used in 
Madagascar. The Ramalina taitensis, used to synthesize 
chemical compounds such as tannins, alkaloids, and 
saponins that are for biological functions, including 
antioxidant role and defence against microbial agents 
(Chowdhery 2014).  The lichen substances of Usnea 
bismolliuscula play a great role in inhibition of tyrosine 
activity in medicine (Rajeswari et al., 2019).  Two of these 
species include which are fruticose lichens in the family 
Ramalinaceae and Parmeliaceae respectively. The 
members of the genus Usnea are called old man’s beard 
lichens and Ramalina are called strap lichens. These 
lichens have shown many health beneficial properties, 
such as possessing antibiotic, antioxidant, antiviral, 
antitumour, anti-allergenic and anti-inflammatory 
properties (Shrestha & St. Clair 2013).  This has aroused 
further interest in the study of these lichens. Therefore, in 
the present study, the proximate chemicals, antioxidant 
property, and LC/MS analysis of methanol and acetone–
water extracts of Parmotrema tinctorum, 
Pseudocyphellaria aurata, Ramalina taitensis, Usnea 
bismolliuscula were investigated to document the potential 
biological activities of these lichens. The results indicated 
that these lichen possess very high antioxidant potentiality, 
which gave immense scope for further exploration in 
nutritional and phytochemical studies.   

2. Materials and methods 

2.1. Collection and identification of lichen samples  

Fresh thalli of Parmotrema tinctorum, 
Pseudocyphellaria aurata, Ramalina taitensis,  

Usnea bismolliuscula were collected from Kodaikanal 
hills of Western Ghats, Southern India, during the winter 
season (January 2019). The elevation of hills was 
measured about 2130 meters.  Identification of lichen was 
carried out at Biomedical Research lab, Bharathiar 
University, Coimbatore, Tamil Nadu, India. Voucher 
specimens were deposited at lichen herbarium centres, 
Bharathiar University, Coimbatore, India and CSIR-
National botanical research Institute NBRI, Lucknow, 
India. The lichen specimens were identified by matching 
with the identification keys documented in Awasthi’s 
identification key manual (Awasthi 2007). The species 
were chemically identified with the help of conventional 
spot tests (K, C, I, KC) (Orange et al., 2001). Lichen thalli 
were rinsed under flowing tap water to wash away soil 
particles. The samples were air-dried and left under sun 
shade to remove moisture. The air dried samples were 
blended into powder using a mixer and used for further 
analysis. 

2.2. Nutritional studies 

2.2.1. Proximate chemical composition  

Standard procedure was followed for the proximate 
chemical composition analysis of  phytochemicals such as 
proteins, carbohydrates, total phenolics, amino acids, and 
total flavonoids (Lowry & Rosebrough 1951) lipids and 
fibre contents (AOAC 1990). 

2.2.2. Amino acids analysis 

Amino acid content in the lichen extract was quantified 
according to the procedure described by Mohapatra et al. 
(2019). Briefly, a known amount of 100 mg of blended 
sample was acid treated with 10 mL 6 N HCl.  The 
reaction mixture was digested in an oven at 120°C for 24 
h. The aliquots were filtered out using the filter paper 
Whatman No. 1. The content was subjected to a vacuum 
flash evaporator. The amino acid concentrate was acid 
treated using 0.05 N Hydrochloric acid and filtered again 
using a 0.45 μM membrane filter and a volume of  20 μL 
was passed by injection into an amino acid analyzer 
(Shimadzu LC-10AS HPLC, McKinley Scientific, Sparta, 
NJ, USA) fitted with an ion exchange resin (styrene di-
vinyl benzene co-polymer with sulphonic group) in 
column. The reference amino acid was injected to measure 
the amount of amino acid in the test sample. Amino acid 
standard was also run to calculate the concentration of 
amino acids in the samples.  
2.2.3. Mineral analysis by ICP-MS (Liu et al., 2020)  

During the last decades, ICP-MS (Inductively Coupled 
Plasma Mass Spectrometry) has emerged as the most 
promising technique for the analysis of trace elements of 
biological or environmental samples, and it is routinely 
used for the determination of up to eighteen elements in 
ionomic research studies. The mineral analysis of lichen 
samples was done by the ICP – MS instrument of (Nex Ion 
300 X, Perkin Elmer, USA). The powdered lichen material 
(200mg) was digested at 80°C with 10 mL of tri-acid 
(Nitric acid, Sulphuric acid and per chloric acid, 9:2:1) 
This test was performed by following the method of Lie et 
al. (2020). After digestion, all the samples were made up 
to 100 mL and aspirated into ICP – MS (Nex Ion 300 X, 
Perkin Elmer, USA). 

2.3. Preparation of solvent extract 
The extraction of lichen sample was done using the 

Soxhlet apparatus. The powdered lichen samples were 
loaded in pockets of thimbles and introduced in the 
extractor. Then, extraction was done separately using 250 
mL solvents in an increasing polarity such as petroleum 
ether, acetone, methanol and water and heated up to 80°C 
for 8 h. Then, the extracts were concentrated using rotary 
vacuum evaporator (Superfit make, India). The concentrate  
thus obtained was weighed and stored in refrigeration at 
4°C. Three samples from each solvent extract were 
examined for phytochemical and biological activities to 
assess variations in the test analysis. The presence of 
different lichen substances in each extract justifies the use 
of different solvents in an increasing polarity for 
extraction.  

2.4. Quantitative analysis of phytochemicals. 

2.4.1. Estimation of total phenolic content (TPC)  

The procedure is based on the method given by Ng and 
See (2019); Gaafar et al. (2019).  Each sample was tested 
by adding 100 µL of extract (1 mg/mL) in 500 µL of 10% 
Folin–Ciocalteau reagent solution and incubating for 5 min 
at room temperature. This was followed by adding 2.5 mL 
of 7.5% sodium carbonate solution and incubating in dark 
for 45 min. The colour changes in test tubes were 
measured in spectrophotometer at 760 nm. The 
concentration ranges between 0–100 μg/mL of the 
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suggested Gallic acid standard were analysed to obtain the 
calibration curve. The mean ± standard deviation of 
readings was calculated, and the results of TPC were 
represented in milligrams of gallic acid equivalents (±sd) 
per g of the lichen extract. 
2.4.2. Estimation of total flavonoid content (TFC) 

The TFC procedure is based on Abdel-Mawgoud et al. 
(2019); Ng and See (2019) technique.  About 500 µL of 
the extracts were mixed with 300 µL of 5% sodium nitrate 
solution followed by 300µL of 10% Aluminium chloride 
and incubated at room temperature. The content of the tube 
was added with 4% sodium hydroxide. As standard, a test 
tube containing Rutin was used to obtain calibration curve. 
From each extracts, triplicate samples were examined 
separately to find out any variations in the assessment of 
TFC and the mean value was calculated. The results were 
represented as Rutin Equivalents (±sd). 

2.5. In vitro antioxidant assays 

2.5.1. DPPH radical scavenging activity 

The 1,1-diphenyl-2-picrylhydrazine (DPPH) radical 
scavenging activity was determined bestowing to the 
procedure of  Ng and Rosman (2019); Sedjati et al. (2020). 
Stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) was 
assessed to examine the free radical capturing ability of 
H+ ions. DPPH has the potency to donate H+ ions to 
atoms that can give rise to free radicals of hydrogen. 
Reduction in the amount of DPPH molecule determines 
the free radical scavenging ability. It was analysed by 
detecting the absorbance readings at 570 nm. Reading in 
the absorbance decreases as the free radicals scavenged by 
the active substances of the lichen extracts increases. The 
percentage of inhibition for lichen extract was compared 
with the commercial ascorbic acid standard. The reaction 
mixture contained 100 µL of aliquots with different 
concentrations of extracts. The positive control has 
different concentrations of ascorbic acid standard added 
with 3.0 mL of DPPH solution. The mixture was left in 
dark for 30 min at room temperature. The absorbance of 
the sample was read at 517 nm against a blank (methanol). 
The average of three readings was calculated. The 
following formula determines the results of half the 
inhibition concentration value (IC50) for DPPH radical 
scavenging ability of test samples:  

X = [(A0-A1)/ A0] x 100 
Where X= % Inhibition, A0 is the absorbance of the control and 
A1 is the absorbance of the sample extracts/standard. 

2.5.2. Superoxide anion radical scavenging activity 

The principle of this assay is based on the ability of 
lichen extracts to inhibit the formation of formazan by 
scavenging the superoxide radicals present in riboflavin–
light–NBT system according to the procedure described by 
(Thangaraj, 2016). About 3 mL reaction mixture contained 
50mM Sodium phosphate buffer pH (7.6), riboflavin 20µg, 
EDTA (12mM), NBT (0.1 mg) and 100µL sample of 
lichen extract. The absorbance of the sample was 
measured at 590 nm against a blank (methanol). The mean 
value of triplicate readings was recorded. The percentage 
of half the inhibition concentration value (IC50) of 
superoxide anion generation was calculated by following 
equation: 

X = [(A0-A1)/ A0] x 100 

Where X= Superoxide anion scavenging activity, A0 is the 
absorbance of the control and A1 is the absorbance of the sample 
extracts/standard 

2.5.3. ABTS+ (2, 2'-Azino-Bis-3-Ethylbenzothiazoline-6-
Sulfonic Acid) radical scavenging activity 

The principle of ABTS scavenging assay is based on 
the ability of lichen extract to reduce ABTS and lead to the 
decolouration of a green color complex to colourless. 
About 1 mL of diluted ABTS solution was transferred to 
the tube containing an aliquot of lichen extract (Rutin as 
standard) followed by adding 2.4 mM of potassium per 
sulphate and left in the dark. Triplicate determinations 
were calculated and the results of ABTS scavenging 
activity were read at 734 nm against a blank ethanol. The 
result was represented in mM of Trolox equivalents per g 
of the lichen extract (Makawy et al., 2019).  
2.5.4. Phosphomolybdenum reduction assay 

The antioxidant potency of the lichen extracts was 
assessed by the phosphomolybdenum reduction assay 
(Zengin et al., 2015). The assay was based on the ability of 
a substance in lichen extract to reduce phosphomolybdic 
acid to blue complex phosphomolybdenum. A reagent 
solution was prepared containing ammonium molybdate (4 
mM/L) and sodium phosphate (0.6 mM/L). Exactly, 250 µl 
of the extracts was added with 3 mL of the reagent 
solution. The tubes with reaction mixture were incubated 
at 95°C for 90 min. The absorbance of the reaction mixture 
was measured at 695 nm using spectrophotometer against 
blank (0.3 mL methanol and 3 mL reagent).  The ascorbic 
acid was used as standard (1mmol/L ascorbic acid in 
DMSO). The assay was done in triplicates.  

2.6. Liquid Chromatography coupled to Mass 
Spectrometry (LC/MS) analysis 

        For studying LC/MS method followed by Zhang 
et al. (2019), the lichen substances obtained from the 
methanol extract of lichen samples were identified using 
Linear Trap Mass Spectrometer (Thermo Scientific). The 
extracts containing 5 µl were injected into a UPLC(R)BEH 
C18 1.7µm-(2.1x100mm)) on a Water Xevo TQD 2000 
C18 column which consists of 3000 nano system. The flow 
rate was followed at an interval of time 0.3 ml/min with 
the gradient elution program. The solvent mixture 
containing 70%-Acetonitrile : 30% Formic acid in water 
served as mobile phase and total run over time was 
automated to flow in 10.0 min. The compounds were 
identified using peaks and collected by scanning at wide 
wavelengths ranges between 100 and 1000 atomic mass 
units over the mass/charge number (m/z) (Xcalibur version 
4.0). The LC/MS profile of the prevailing lichen 
compounds were compared with the standard Chemindex 
lichen data base.    The mass spectral data for each 
compound was standardized to ensure the most favourable 
ion transfer conditions, ionization and obtained optimum 
peak of both the precursor and fragment ions. The source 
peak was compared for its identity for all the lichen 
samples. 

2.7. Statistical analysis 

All tests were prepared in triplicates. Data are 
documented as mean ± standard error. The result was 
analysed statistically. The SPSS version 20.0 was used for 
this purpose. The one way ANOVA approach by Duncan’s 
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test was followed. Mean values at p < 0.05 were found 
statistically significant. For the graphical representation, R 
software version 3.5.1 was employed.  

3. Results 

3.1. Proximate composition of samples. 

3.1.1. Moisture and ash contents of samples. 

The moisture and ash contents of P. tinctorum, P. 
aurata, R.taiensis and U. bismolliuscula were investigated 
and results are presented in Table 1. The availability of 
moisture content was found to be significant in lichen 

extract at any stage of nutritive analysis. The lichen 
moisture content was carried out in triplicates. It was 
found that the P. aurata showed lichen with lowest 
moisture content (9.3%) as compared to other lichen 
extracts. The U. bimolliuscula showed moderate moisture 
content (9.8 %). The result findings of P. tinctorum 
showed maximum moisture content of 10.5 % followed by 
R. taitensis with 10%.  Similarly, the ash content was 
calculated and the results indicated positive effect with the 
lichens. Parmotrema tinctorum extracts were compared 
with the values of other lichen samples which showed 
highest level of total ash content which was up to 13.93%.   

Table 1. Proximate chemical composition of Lichen samples 

Parameters Total carbohydrates 
(mg glucose 
equivalents/g sample) 

Total proteins 
(mg BSA 
equivalents/g 
sample) 

Total starch 
(mg glucose 
equivalents/g 
sample) 

Energy 
(%) 

Moisture 
content (%) 

Ash 
content 
(%) Sample  

P. tinctorum  64.6 ± 0.01 25.78 ± 0.03 0.17 ± 0.03 82.85 10.5 13.93 
P. aurata 31.63 ± 0.3 11.65 ± 0.11 0.14 ± 0.09 54.75 9.3 1.93 
R. taitensisn 50.12 ± 0.1 14.10 ± 0.5 0.12 ± 0.06 74.89 10 4.41 
U. bimolliuscula 58.52 ± 0.02 24.95 ± 0.03 0.13 ± 0.05 60.05 9.8 2.43 

 
3.1.2. Determination of nutrient contents  

The proximal composition of the lichen extracts such as 
P. tinctorum, P.aurata, R. taiensis and U. bismolliuscula 
are shown in Table 1. The total carbohydrates content was 
found highest in P. tinctorum (64.6 ± 0.01 mg GE/g 
sample), whereas P. aurata (31.6.3 ± 0.3 mg GE/g sample) 
registered lower carbohydrate content. The P. tinctorum 
had a maximal amount of total protein content 
(25.78±0.03mg BSAE/g sample) when compared to other 
lichens. Moreover, the lichen species, R. taiensis exhibited 
highest starch content. The P. tinctorum yielded a high 
energy level (82.85%) in the analyzed lichen extracts. The 
differences between the activity of standard used in each 
antioxidant assay was compared with previous published 
papers. Comparison of standard values with previous 
paper’s standard values for the same assay validated 
moisture content results in this study. The present study 
has shown that the protein content of lichens is 
considerably low (foliose 1.87% and fruticose 1.9%) 
compared to the protein content of P. pseudotinctorum 
(16.2%) (Vinayaka et al., 2010).   
3.1.3. Mineral composition of lichen samples  

Mineral composition of the P. tinctorum, P. aurata R. 
taiensis and U. bismolliuscula were analysed and 
presented in Table 2. Among all minerals tested, calcium 

was found to be the highest in all lichen extracts followed 
by potassium. The third highest element was magnesium 
in R. taitensis (710 ppm) and U. bismolliuscula (530 ppm), 
whereas the extract of P. tinctorum (710 ppm) and P. 
aurata (660 ppm) showed aluminium as the third highest 
element. Therefore, the mineral content of R. taitensis and 
U. bismolliuscula was found to be in the order of calcium 
> potassium > magnesium and aluminium but the extract 
of P. tinctorum was in the order of calcium > potassium > 
magnesium and P. aurata was in the order of aluminium > 
calcium > potassium > phosphorous. The extract of R. 
taitensis was found to possess more amount of calcium 
content (3800 ppm). The extract of P. tinctorum was found 
to have the highest potassium content. The aluminium 
content was high in the extract of P. tinctorum with the 
value of 710 ppm. In the case of P. aurata, the iron and 
magnesium and zinc contents showed higher 
concentrations than other lichen sample extracts. The 
mineral content of cobalt and cadmium were the least 
quantity of all lichen extracts. 

Vital minerals such as calcium (3800 ppm) and 
magnesium (710 ppm) were abundant in R. taitensis, and 
Sodium (200 ppm) and phosphorous were maximum in P. 
tinctorum compared to other lichens. Trace elements like 
Sr, Fe, B, Zn, Al, Si, Mn, and Cu also detected in all the 
analyzed lichens. 
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Table 2.  Quantitative mineral element content of phytochemicals 
in lichen extracts 

  
P. tinctorum  
(ppm) 

P. aurata  
(ppm) 

R. taitensis  
(ppm) 

U. bismolluscula     
 (ppm) 

Ca 1500 2500 3800 2000 
Mg 510 420 710 530 
Na 200 180 140 80 
Sr 19 15 25 10 
K 2000 1500 1600 1000 
Fe 239 390 290 150 
B 45 30 23 37 
Zn 15 25 13 10 
Al 710 660 340 460 
Si 230 260 320 290 
P 460 430 180 110 
Mn 90 82 74 56 
Cu 3.5 4.6 1.5 1 
Co 0.1 0.4 0.5 0.2 
Cr 0.2 0.7 1.2 1 
Ni 1 1.2 1.4 1.2 
Pb 40 28 30 17 
Cd 0.1 0.3 0.5 0.2 

3.1.4. Amino acids profiling of lichen samples 

The amino acid composition of the lichen sample is 
shown in Figure 1. It was found that the proteins of the 
lichen contained adequate levels of amino acids. A total 
number of eighteen amino acids were identified from the 
studied samples. The estimated value of eight essential 
amino acids were found to be detected in all the four 
lichens. The amino acid glycine (0.27mg/g) was a 
dominant in P. aurata followed by alanine (0.25mg/g), 
arginine (0.19mg/g), tryptophan (0.18mg/g), aspartic acid 
(0.17mg/g). Glutamine (0.87mg/g), histidine (0.52mg/g), 
isoleucine 0.37mg/g, serine (0.15mg/g) and threonine 
(0.43mg/g) were higher in P. tinctorum. R. taitensis had its 
dominant amino acids of cystine (0.18mg/g), isoleucine 
(0.37mg/g), leucine (0.39mg/g), lysine (0.71mg/g), 
methionine (0.37mg/g) and phenylalanine (0.53mg/g). The 
amino acids of asparagine (0.27mg/g), glutamic acid 
(90.63mg/g) were more abundant in U. bismolliuscula. 

 
 
 

Figure 1. Amino acid profile of lichen extracts 

3.1.5. Total phenolic content of lichen samples 

Phenol plays an important role in scavenging free 
radicals present in the body. The TPC in P. tinctorum, P. 
aurata, R. taiensis and U. bismolliuscula extracts were 
compared with the linear gallic acid standard curve. The 
phenolic amounts found in test samples of different lichen 
extracts were statistically evaluated and findings are 
shown in Table 3. The methanol extract of all the four 
lichen species showed a high amount of phenolic 
compound. In R. taitensis, it was 86.14 ± 1.42 mg GAE/g 
extract  while U. bismolluscula had 55.60 ± 1.11mg 

GAE/g followed by P. aurata with the value of 40.4 ± 1.07 
GAE/g extract and P. tinctorum had 39.5 ± 1.29 mg 
GAE/g extract. The aqueous extracts of U. bismolliuscula 
showed the lowest phenolic content with the 
concentrations of 4.9 ±1.31 GAE/g extract. The study was 
carried out following the method of Ng et al. (2020b) and  
Lapido et al. (2011). The considerable variation in total 
phenolic content was observed in our present study with 
the highest concentration of 86.14±1.42 mg GAE / g 
extract in the methanol extract of R. taintesis.  
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Table 3. Estimation of total phenolics, flavonoids and ABTS radical scavenging activities, phosphomolybdenum, of lichen samples 

Values are mean of triplicate determination (n=3) ± standard deviation, % - % of Inhibition. 

GAE-Gallic Acid Equivalents, RE- Rutin, TE- Trolox Equivalents. AAE- Ascorbic Acid Equivalents. 

Statistically significant at p<0.05 where a>b>c>d >e>f>g>h>i>k>l>m>n>o>pin each column. 

The results of the present study are strongly supportive 
in agreement to the findings of  Rice-evans et al. (1995) 
and Singleton et al. (1999) that the TPC content of lichen 
extracts are responsible for antioxidant and biological 
activities of lichen extracts. Ganesan et al. (2015). 
Observed that the TPC value was significantly higher in 
the extract of benzene (154.2 mg GAE/g) than in other P. 
tinctorum extracts and reported that the availability of 
phenolic content sources could trigger the activity of 
lichen metabolites which probably play a subtle role in 
antimicrobial and antioxidant activities. The results are not 
in agreement with the report given by Ganesan et al., 
(2015). The relative TPC values of lichen or tested plants 
may be varied due to age of the plant, methods of 
extraction procedure, choice of solvents, number of 
replicates used for investigation etc.   Singleton et al. 
(1999) observed the number of phenolic groups in their 
native structure and reported that this may have the major 
reason for difference found between biological activities of 
lichen extracts. Rice-Evans et al. (1995) reasoned phenolic 
compound has the high potency of antioxidants because it 
acts as the single oxygen quenchers and oxygen donors. As 
reported, the acetone extracts of P. austrosinense and P. 
tinctorum exhibited high TPC corresponding to its high 
free radical scavenging activities (Kalidoss et al., 2019).   
3.1.6. Total flavonoid content of lichen samples  

The TFC was determined in P. tinctorum, P. aurata, R. 
taiensis and U. bismolliuscula and the results are presented 
in the Table 3. The highest TFC was observed in methanol 
extracts of U. bismolluscula (31.2 ±1.10 mg RE/g extract) 
followed by P. aurata ( 26.9 ± 1.14 mg RE/g extract) and 
P. tinctorum (25.8 ±1.10 mg RE/g extract) and  R. taitensis 
(17.04 ± 0.04 mg RE/g extract). The aqueous extracts of P. 
aurata was found to be lower (3.6 ± 1.03 mg RE/g 

extract). The results reported by Ng, Koick and Yong 
(2020a) are strongly supportive in agreement to the present 
investigation that the flavonoid and phenolic constituents 
of plant extracts are considered to be beneficial for health 
particularly for the antioxidant action. Thus, the use of 
lichen extracts for health benefits particularly for 
nutraceutical applications can be justified on the basis that 
these lichens were once thought to be medicinal is really 
due to their TPC, TFC and other chemical constituents.   

3.2. In vitro antioxidant assays 

3.2.1. DPPH radical scavenging activity  

The DPPH radical scavenging activities of different 
lichen extracts of P. tinctorum, P.  aurata R. taiensis and 
U. bismolliuscula are shown in the Figure 2. The IC50 
values (concentration of sample required to scavenging 
50% of free radicals) were calculated from the regression 
equation prepared from the concentration of the extracts 
versus percentage inhibition of free radical formation. A 
lower IC50 value indicates the greater DPPH radical 
scavenging activity. Among the all the lichens analysed 
the acetone extract of P. aurata shows lower IC50 value of 
93.339 µg/mL than the acetone extract of U. bismolluscula 
(106.786µg/mL), petroleum ether extract of R. taitensis 
146.9266 µg/mL and acetone extract of P.tinctorum 
(162.488µg/mL). The petroleum ether extract of P. 
tinctorum shows minimal antioxidant activity with the 
highest IC50 value of 372.825 µg/mL. The IC50 value for 
ascorbic acid (20.32 µg/mL) standard employed in DPPH 
assay of the present study is closer to the value given by  
Ng et al. (2020c). The present study showed significant 
half the inhibition concentration of ascorbic acid standard 
with the IC50 value of 20.32 µg/mL as compared to 23.45 
mmol/L showed by Ng et al. (2019). 

Samples Extracts Total phenolics mg 
GAE / g extract 

Total flavonoids mg RE / 
g extract 

ABTS 
(mM TE/g extract) 

Phospomolbdenum 
(mg AAE/ g extract)   
  

 
 P. tinctorum 

Petroleum ether 7.38 ± 0.10 j 8.63 ± 0.06 l 29.11± 1.06 n 27.78 ± 1.18 i 

Acetone 39.5 ± 1.29 c 17.6 ±1.08 e 50.2 ± 4.9 f 37.00 ± 0.53 h 

Methanol 26.4 ± 1.15 d 25.8 ± 1.10 d 73.7 ± 5.2 b 42.56 ±1.35 g 

Water 9.15 ± 1.21 I 5.9 ± 1.07 n 35.62 ± 0.03 i 31.62 ± 0.29 j 

 
 
 P. aurata 

Petroleum ether 11.26 ± 0.03 h 7.73 ± 0.05 m 17.6 ± 6.10 o 27.35 ± 1.74 i 

Acetone 16.3 ± 2.04 f 10.6 ± 1.07 c 42.7 ± 5.11g 50.68 ± 1.15 f 

Methanol 40.4 ±1.07 b 26.9 ± 1.14 j 62.3 ± 15.1 c 68.54 ± 1.64 d 

Water 13.8 ± 0.01 g 3.6 ± 1.03 o 37.15 ± 0.04 h 59.74 ± 2.03 e 

 
 
R. taitensis 

Petroleum ether 12.01 ±1.02 h 14.4 ± 1.088 g 29.5 ± 5.06 m 55.81 ± 0.08 f 

Acetone 22.87 ± 0.12 e 11.7 ± 1.10 f 30.4 ± 1.9 l 87.26 ± 0.39 b 

Methanol 86.14 ±1.42 a 17.04 ± 0.04 h 53.12 ± 6.5 e 150.68 ± 1.15 a 

Water 6.3 ± 1.06 k 9.5 ± 1.08 k 14.2 ± 7.4 p 63.24 ± 0.391 e 

 
U. bismolliuscula 

Petroleum ether 12.58 ± 0.082 h 11.36 ± 0.05 i 35.1 ± 6.1 j 72.47 ± 2.15 c 

Acetone 14.7 ± 1.04 e 30.05 ± 1.17 b 60.3 ± 14.2 d 51.196 ± 0.78 f 

Methanol 55.60 ± 1.11 a 31.2 ± 1.10 a 85.6 ± 0.5 a 87.78 ± 0.48 b 

Water 4.9 ± 1.31 k 10.4 ± 1.01 j 32.3 ± 2.19 k 71.93 ± 0.25c 
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 Figure 2. DPPH radical scavenging activity of lichen extracts 

3.2.2. Superoxide anion radical scavenging activity 

 Superoxide anion radical scavenging activities of P. 
tinctorum, P. aurata R. taiensis and U. bismolliuscula 
were analysed, and the results are shown in Figure 3. The 
extracts were found to be containing high scavenging 
potential of superoxide radicals generated in riboflavin- 
NBT- light system. The water extract of P. tinctorum, was 

showing higher (83 %) scavenging potential than the other 
extracts. The minimum activity with the IC50 value was 
found in acetone extract of P. aurata (0.78%). The result 
proves that the percentage of inhibition is based on the 
concentration of the bioactive phenolic compounds present 
in solvent extract. 

Figure 3. Superoxide radical scavenging activity of lichen extracts 

3.2.3. ABTS+ radical scavenging activity 
The extracts of P. tinctorum, P. aurata R. taiensis and 

U. bismolliuscula showed their antioxidant activities with 
regard to ABTS scavenging abilities (Table 3). The 
methanol extracts of U. bismolliuscula showed highest 
ABTS scavenging activity with the value of 85.6 ± 0.5 
mM TE/g extract. The methanol extract of P. tinctorum 
and P. aurata showed moderate activity with the values of 
73.7± 5.2 and 62.3 ±  

 

15.3 mM TE/g extract respectively. However, the 
methanol extracts of R. taiensis showed minimal 
scavenging values (53.12 ± 6.5 mM TE/g extract). The 
values of the various extracts of lichens for the ABTS 
scavenging activity falls in the order of U. bismolliuscula 
> P. tinctorum > P. aurata > R. taiensis respectively. The 
standard rutin showed strong ABTS scavenging activity 
(111.3 ± 0.52 mM TE/g extract).  Compared to that of 
standard rutin, moderate ABTS scavenging activity was 
observed in the methanol extract of U. bismolliuscula 
(highest value of 85.6 ± 0.5 mM TE/g extract) in the 



 © 2021  Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4 654 

present study. Similar study conducted by Ng et al. 
(2020a) showed 0.01 mg/mL for trolox standard as 
compared to 111.3 ± 0.52 mM TE/g extract for rutin in the 
present study. Variations in the values are due to variations 
in the test standard. 
3.2.4. Phosphomolybdenum reduction assay  

The phosphomolybdenum assay was mostly used to 
measure the total antioxidant activity of substances and the 
results are presented in the Table 3. Among the different 
extracts P. tinctorum, P. aurata, R. taiensis and U. 
bismolliuscula, methanol extracts of R. taiensis showed 
highest value of reducing ability compared with other 
extracts (150.68 ± 1.15 mg AAE/ g extract).  The methanol 
extracts of P. tinctorum, P. aurata and U. bismolliuscula 
were found to have moderate level of antioxidant activity 
with the concentrations of 42.56 ± 1.35, 68.54 ± 1.64 and 
87.78 ± 0.48 mg AAE/ g extract respectively. The rutin 
standard showed maximum activity (158.39 ± 1.79 mg 
AAE/ g extract) compared with lichen extracts in 
phosphomolybdenum reduction assay. The study carried 
out in methanol extracts of four lichen thalli showed 
maximum phopshomolybdenum activity when compared 
to the other solvent extracts. The phosphomolybdenum 
reduction value in methanol extract of R. taitensis is closer 
to the rutin standard.   

4. Discussion 

The nutritional constituents of  two foliose and two 
fruticose forms of lichen species were documented as 
described by Hu et al. (2020); Rahman et al. (2018); 
Kekuda, et al. (2011); Joubert et al.  (1982). The previous 
literature asserted that the nutritional contents of lichens 
such as tannins, flavonoids and phenolics are being used as 
medicine and can be useful to fortify them in human foods. 
Lichens and plants differ considerably in phytochemical 
constituents. Since many wild animals and mammals eat 
lichen as diets, it is vital to measure the nutritional content 
of lichens. The nutrient content of foliose lichen was 
comparable with fruticose lichen in all macro element 
parameters except ash content. The moisture content of the 
four different lichens was found to be in the order of P. 
tinctorum > R. taiensis > U. bismolliuscula > P. aurata. 
This may be the reason to suggest the that the P. tinctorum 
weighs heavier than other lichens. 

Compared with foliose forms, fruticose lichens were 
deficient in starch and ash content. Fruticose were also 
lower in energy than foliose lichen. Many lichen species 
are also shown to be eaten by many mammals such as red-
backed voles, deer and squirrels and thereby may play an 
important role in economic botany as nutritional benefits 
to plants and animals. 

Previous literatures have shown that organic solvents 
are generally used for extraction of lichen metabolites 
because lichen substances are either insoluble or partial 
soluble in water. Most organic solvent-soluble antioxidants 
are either bound to cortex or medulla in lichen thalli. 
Solvent extracts from test samples of four different lichen 
thalli responded effectively to various biological assays in 
the present investigation. The extract of a particular lichen 
substance influences the efficiency of biological assays 
and is based on the polarity of solvent.  

According to Sarker et al. (2006), the use of organic 
solvent, methanol for extraction of metabolites to winged 
been seeds has been successful because these affected easy 
extraction process in many ways and that the methanol 
penetrated the thick seed coat structure and promoted fast 
recovery of plant nutrients. The mechanism behind the 
effect of solvent property may also depend on the electron-
transfer kinetic mechanism and physiochemical properties 
(lipophilic and hydrophilic properties) of the 
phytochemical compounds. Previous records have shown 
that the ideal solvent examined for extracting the 
antioxidant compounds of P. tetragonolobus was methanol 
in antioxidant assays (Ng et al., 2020b). This is in 
agreement with our findings that the methanol extract of 
all the four lichens had the highest radical scavenging 
activity and the values are comparable to the standard.  

The use of petroleum ether and water had found 
negative effects in the present study on ABTS, DPPH, 
superoxide scavenging and phopshomolybdenum 
reduction assays by showing the week activity (the highest 
IC50 or low mM TE/mg values) with minimal antioxidants 
to scavenge radicals inhibiting cellular damage. The 
primary reason for lowest antioxidant activity may be 
attributed to the relative total antioxidant contents 
possessed in solvent extracts.  Similarly, the considerable 
variation in types of substances or antioxidants has also 
been observed in the present investigation, thus they 
reacted differently to the range of solvents on the basis of 
their polarity. The radical scavenging activity suggested a 
contrast between the electron transfer kinetic mechanism 
of substances in solvent extracts. The DPPH radical 
scavenging power is attributed to the lipophilic 
antioxidants while, the ABTS antioxidant assay detects 
lipophilic and hydrophilic substances (Ng & See 2019) in 
the extracts indicating the differences in the antioxidant 
activity between these two scavenging assays.   

The antioxidant activity may also be affected by 
enzymatic antioxidants. Previous literature indicated that 
the metabolite accumulation in plant part infers the 
induction of defence mechanism. Therefore, under abiotic 
stress, enzymatic antioxidants like, Superoxide dismutase 
and Quinone oxidoreductase are induced for scavenging 
reactive oxygen species (ROS). Superoxide dismutase play 
a significant role in the catalytic conversion of highly 
reactive superoxide anions to oxygen molecule while the 
quinone oxidoreductase enzymatic antioxidant involves in 
the conversion of highly reactive quinone to less reactive 
hydoxy quinones. This process of conversion of ROS is 
termed redox homeostasis defence mechanism (Ng et al., 
2014). The same reason may also be applicable to the 
present investigation that the level of enzymatic 
antioxidants in different solvent extracts might influence 
radical scavenging activities in antioxidant assays.   

4.1. Proximate composition of samples 

All the macro and micro nutrients estimated were found 
to be higher in fruticose form than in foliose form of lichen 
(Table 1). The results showed that the former had the 
profuse development and growth when compared to the 
latter. The mean average total carbohydrate and protein 
contents were higher in fruticose (54.32 and 19.525 mg 

glucose equivalent respectively) than in foliose (48.115 
and 18.715 % respectively) but there was no significant 
difference drawn between foliose and fruticose forms of 
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lichen in the amount of macronutrient. Kirkpatrick (1996) 
found that Bryoria spp., contained considerable quantities 
of soluble carbohydrates and pointed out that it had low 
fiber and phenolic contents. Robbins (Robbins 1987) 
found that the crude protein content of Alectoria 
sarmentosa lichen was just 2% and an outcome was 
nitrogen losses in feces of mule deer.    

Starch content was found to be 0.17 ± 0.03 mg glucose 
equivalents/g of samples in foliose followed by 0.13 ± 
0.05 mg in fruticose lichens. Similar to that of macro-
elements, the mean average ash content was more 
pronounced in foliose lichen (7.93%) followed by fruticose 
(3.42%) lichens. Moreover, such differences are 
determined experimentally, and the results were affected 
by environmental conditions such as air, pH of the 
substrata, temperature …etc. There were no correlations 
between moisture and macro nutrient content in lichen 
growth forms (Table 1).  

Thallus of P. tinctorum had a greater amount of ash 
content at 13.93% when compared to R. taiensis   at 
4.41%.  The ash content of U. bismolliuscula thallus was 
found to be 2.43 % higher than 1.93% of P. aurata. The 
nutritional studies (Table 1) with thallus of foliose and 
fruticose lichen showed differences in starch, protein and 
total carbohydrate. This shows the significance of 
incorporating ash content in the analysis as majority of the 
nutritional content is included in the ash. 

It follows from the results that foliose and fruticose 
lichen significantly differ in their nutritional values. Such 
differences are determined experimentally and may also be 
influenced by the nature of thallus.  

4.2. Mineral composition of lichen samples 

Carbohydrates, proteins, fats and vitamin constituents 
are more common in all plants determining the nutritional 
quality of any forage. This macro nutrient together with 
micro elements form a fodder for reindeer, caribou, 
squirrels. These micronutrients have been described to 
have many physiological functions such as anti-oxidant 
defence activity, electrolytic activity, components of 
enzymes, gas transport, regulate cellular energy 
transduction and regulate physcio-chemical processes. 
Therefore, these microelements play a vital role on all 
living matter. The result of the present study is in 
accordance with Vinayaka et al. (2013) reported the 
content of calcium was highest among all other elements 
in U. pictoides. Similar result was obtained by Kekuda et 
al. (2011) for the lichen extracts of Everniastrum 
cirrhatum where the content of calcium was highest 
among all micronutrients. The reason for the difference in 
microelements is probably due to variation in abiotic and 
biotic factors viz., habitats, age of lichen, solvent used for 
extraction procedure and origin of plant materials. 

4.3. Amino acids profiling of lichen samples 

It was found that the lichen extracts contained 
sufficient amount of amino acids as compared to reports 
from WHO/ FAO 2007.  The comprehensive outcome of 
this research culminates in the assumption that glutamine 
has a higher volume relative to all other amino acids in P. 
tinctorum in the present study. Supportive finding was 
recorded from Jäger and Weigel (1978) who reported that 
a conceivable intention for this similarity is that glutamine 
seems to play important role in nitrogen fixation and 

Pseudevernia furfuracea (L.) Zopf was possessing high 
amounts of glutamic acid, aspartic acid, alanine, arginine, 
and taurine etc. Shelukheeva and Nikolaeva (2015) 
reported that amino acid content of Cetraria islandica and 
C. laevigata was found to possess 16 different amino 
acids, of which seven were essential. The present study 
detected 18 different amino acids from four different 
lichen samples. 

4.4. Estimation of total phenolic content (TPC) 

Singleton et al. (1999) observed the number of 
phenolic groups in their native structure and reported that 
this may have the major reason for variation in biological 
activities of lichen extracts. Rice-Evans et al. (1995) 
reasoned phenolic compound has the high potency of 
antioxidants because it acts as the single oxygen quenchers 
and oxygen donors.  As reported, the acetone extracts of P. 
tinctorum exhibited high phenolic content corresponding 
to its strong free radical scavenging activity. 

4.5. 4.1.5. Estimation of total flavonoid content (TFC) 

In the present study, highest TFC was observed in the 
methanol extract of U. bismolliuscula 31.2 ± 1.10 mg RE 
/g while the least was in the aqueous extract of P. aurata 
3.6  ± 1.03 mg RE /g. But, Ganesan et al. (2015) observed 
that the TFC of lichen extracts ranged from 20.16 to 50.72 
mg RE/g, and the higher content was found in aqueous 
extract 50.72 ± 0.13 and lower in ethanolic extract 20.16 ± 
0.11 mg RE/g. The results of the present study are in line 
with the Raj et al. (2014) reported that the total flavonoid 
and phenolic contents of Parmotrema tinctorum extracts 
were found to be 5.82 ± 0.96 mg quercetin equivalents/g 
and 9.67 ± 0.73 mg gallic acid equivalents/g of extract 
respectively.  

4.6. DPPH radical scavenging activity 
DPPH scavenging assay was conducted to identify 

substantial antioxidant activity. DPPH is a free radical 
used to measure the scavenging potential of any 
phytochemical compounds. Among all four lichen extracts, 
the IC50 value of acetone extract of P. aurata (93.339 
µg/ml) is comparable to that of ascorbic acid (20.32 
µg/ml). The DPPH scavenging results are supportive in 
agreement to Ristic et al. (2016) where lecanoric acid 
showed weak activity with the highest IC50 value of 
424.51 μg/mL. Thus, this suggested that the polarity of 
solvent extract that determines the DPPH radical 
scavenging activity of phytochemical compounds.  

4.7. Superoxide anion radical scavenging activity 

The biological enzyme XO (xanthine oxidase) has 
significance in catalysing the bioconversion of 
hypoxanthine to xanthine and to uric acid while the SOD 
(superoxide dismutase) in superoxide into hydrogen 
peroxide and oxygen in biological tissues. The superoxide 
radical scavenging activity of the present analysis is in 
accordance with the Behera et al. (2016) who reported that 
the methanol extract of U. ghattensis exhibited strong 
activity with the value of 56%. The secondary metabolite 
of U. ghattensis contains usnic acid. The known standards 
BHA, BHT and quercetin showed scavenging activity with 
the value of 59, 68 and 47 % respectively.  Kosanić et al. 
(2014) found that highest super oxide anion scavenging 
activity (67.37%) was observed in the acetone extracts of 
the lichen Lasallia pustulata. Aqueous extract of lichen 
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Parmelia sulcata showed the least scavenging activity 
(12.74%). The P. tinctorum aqueous extract of the present 
study showed the strong scavenging activity with the 87% 
while the weak activity was observed in acetone extracts 
of P. aurata with the lowest value of 0.78%. 

4.8. ABTS+ radical scavenging activity 

The comparison of the secondary metabolites of the 
tested lichen extracts and their free radical scavenging 
ability revealed a strong correlation with the previous 
study conducted by Raj et al. (2014). The solvent of choice 
greatly influenced the ABTS scavenging activity in 
extracts of all the four different lichen samples. This ethyl 
acetate extract of P. tinctorum exhibited significant 
antioxidant potential against ABTS with half the inhibitory 
concentrations of 151.34 ± 1.79 mg/mL and the results are 
supportive in agreement to the previous literature depicted 
that the antidiabetic nutraceutical properties have been 
identified from P. tinctorum samples. In the present study, 
petroleum ether and aqueous extract of P. tinctorum 
showed less activity when compared with acetone and 
methanol extracts. The highest activity was shown in 
methanol extract (85.6 ± 0.5 mM TE/g extract) of U. 
bismolliuscula followed by the P. tinctorum extract (73.7 ± 
5.2 mM TE/g extract). The results of ethyl acetate extract 
of P. tinctorum  are supportive in agreement to the report 
given by Raj et al. (2014). Ganesan et al. (2017) found that 
methanol extract of Ramalina inflata (80μg/ml) was 
significantly lower than benzene extract (100 μg/ml) of 
those recorded in the fructicose lichen. The results of the 
present study are consistent with the report of Ganesan et 
al. (2017), in that the antioxidant activity in the petroleum 
ether extract was lower than that of the other extracts. The 
results of ethanol extract of U. longissima are in 
accordance with the findings of Aydin et al. (2018) who 
reported that ABTS radical scavenging assay for U. 
longissima ethanol extract and ethyl acetate were found as 
73.31 ± 0.007% at 4000 µg/mL and 54.92 ± 0.010% at 
4000 µg/ml respectively. Compared with standard control, 
in the present study, ABTS radical scavenging activity of 
acetone extract of U. bismolliuscula was found to be high 
(60.3 ± 14.2 mM TE/g extract) while the petroleum ether 
and aqueous extracts exhibited weak activity. The disparity 
in ABTS scavenging activity of lichen extracts may be due 
to variation in environment, lichen species, assessment 
methods and types of solvents used by researchers 
(Kazazic et al., 2016).  

4.9. Phosphomolybdenum reduction assay 

In the present study, strong antioxidant activity was 
amounted to 150.68±1.15 mg AAE/ g for methanol 
extracts of Ramalina taitensis. Previous literature has 

reported the antioxidant properties of solvent extracts of 
many species of lichen, but the present study is the first 
attempt to document the phosphomolybdenum reduction 
assay of four different lichen extracts of commonly 
available lichen species such as P. tinctorum, P. aurata R. 
taitensis and U. bismolliuscula.  The results showed that 
the methanol extract had a higher phenolic content (except 
P. tinctorum), which in turn exhibited strong antioxidant 
potency than the other extracts. The present result is in 
agreement with Dandapat and Paul (2019) who opined that 
methanol is an ideal solvent for extraction of lichen 
bioactive compounds for antioxidant activities. It is 
suggested that the increase in phenolic groups in chemical 
structure of lichen compounds can have corresponding 
increase in antioxidant activity. This is in conformity with 
the reports of Tomović et al. (2016). 

The results of Manojlovic et al. (2012) are in 
accordance to the present study that the redox properties of 
phenolic content in methanol extract activated the 
neutralizing free radicals activity which play a subtle role 
in quenching triplet and singlet oxygen. They have shown 
that a significant difference in TPC was observed between 
chloroform (71.32 ± 0.89) and methanol extracts (79.2 ± 
0.59 mg GA/g) of Umblicaria cylindrica, and it was 
correlated with their antioxidant activity of 68.35 ± 0.15 
μg AA/g and 74.65 ± 0.75 μg AA/g respectively. 
Similarly, Tomović et al. (2016) reported the supportive 
results for total antioxidant capacity with the 
concentrations of 91.52±0.34 μg AA/g and 71.5±0.29 μg 
AA/g, for methanol and ethyl acetate extracts of Cetraria 
aculeata, respectively. 

4.10. Compound identification by Liquid 
Chromatography Mass Spectrometry (LC/MS) 

The results obtained from the studies indicated that 
methanol extract showed higher activity than other 
solvents.  The Liquid Chromatography Mass Spectrometry 
study was conducted to find out the active lichen 
compounds in test samples and the chromatogram are 
shown in the Figure 4 & 5. Major peaks with relative Mass 
spectral data were observed from chromatogram. The 
lichen compounds were detected based on their 
(Chemindex) library data base. The major lichen 
substances like atranorin, sekikaic acid, usnic acid, and 
other compounds identified are presented in Table 4. The 
findings are in line with the previous literature (Musharraf 
et al., 2015). Biologically important phytochemicals are 
present in P. tinctorum, P. aurata, R. taitensis and U. 
bismolliuscula. It can be suggested that the antioxidant 
activity is determined by their biologically active 
compounds in the solvent extract. 

.
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Table 4. Compound Identification of lichen extract by LCMS method 

S.No 
 

Compound Name Exact mass 
(m/z) 

Observed mass 
(m/z) Precursor m/z Molecular formula 

Parmotrema tinctorum 
1. Diethanolamine 105.14 105.00 117.01 -ve C4H11NO2 
2. Succinic acid 118.09 118.12 119.03 +ve C4H6O4 
3. D-Carvone 150.22 151.08  C10H14O 

4. Orsellinic acid 168.15 169.04 167.03 -ve 
167.10 -ve C8H8O4 

5. Eugenitol 206.19 205.16 205.04 -ve 
207.06 +ve C11H10O4 

6. Volemitol 212.2 213.03 211.08 -ve C7H16O7 

7. Lecanoric acid 318.28 319.19 317.06 -ve 
317.06 -ve C16H14O7 

8. Methyl protolichesterinate 338.5 337.24  C20H34O4 
9. Atranorin 374.3 375.02 373.09 -ve C19H18O8 
10. Thamnolic acid 420.3 421.21 419.06 -ve C19H16O11 
11. Perlatolic acid 444.5 443.88 443.2 -ve C25H32O7 
12. Lobaric acid 456.5 455.4 457.18 ive C25H28O8 
13. Leucotylin 460.7 462.87  C30H52O3 
Pseudocephallaria aurata 

14. Succinic acid 118.09 118.05 117.01 -ve 
119.03 +ve C4H6O4 

15. 5,7Dihydroxy-6-methylphthalide 180.04 178.06  C9H8O4 
16. Chrysophanol 254.24 254.14 255.06 +ve C15H10O4 
17. Conorlobaridone 370.14 371.25  C21H22O6 
Ramalina taitensis 
18. Fumaric acid 116.07 118.05 115.00 -ve C4H4O4 
19. D-Arabinose 150.13 151.04 149.04 -ve C5H10O5 
20. Methyl orsellinate 182.17 183.06 181.05 -ve C9H10O4 
21. Cholin sulphate 183.05 184.12  C5H13NO4S 
22. Methyl β-orcinolcarboxylate 196.2 197.08 195.06 -ve C10H12O4 
23. Fukinanolide 234.33 236.14  C15H22O2 
24. Methyl porphyrilate 328.13 330.12  C17H12O7 
25. Usnic acid 344.3 345.08 343.08-ve C18H16O7 
26. 3'-Dechlorolecideoidin 364.03 367.23  C17H13ClO7 
27. Sekikaic acid 418.4 419.35 417.14 -ve C22H26O8 
Usnea bismolliuscula 
28. Diethanolamine 105.14 104.07  C4H11NO2 
29. Indolyl-3-acetic acid 175.18 175.04 176.06 +ve C10H9NO2 
30. Olivetolmonomethylether 194.13 193.09           C12H18O2 
31. Ethyl everninate 210.23 211.11  C11H14O4 
32. Olivetolcarboxylic acid 224.25 225.17 223.09 -ve         C12H16O4 
33. Fukinanolide 234.33 236.14  C15H22O2 
34. Linoleic acid 280.4 279.27 279.23 -ve C18H32O2 
35. Usnic acid 344.3 345.08 343.08 -ve C18H16O7 
36. 4-O-Methyl-5-dechlorovicanicin 362.09 363.10  C19H19ClO5 
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Figure 4. LC MS Chromatogram of A) Parmotrema tinctorum B) Pseudocephallaria aurata extracts  
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Figure 5. LC MS Chromatogram of A) Ramalina taitensis B) Usnea bismolliuscula extracts 

5. Conclusion 

The present research concluded that the extracts of 
Parmotrema tinctorum, Pseudocyphellaria aurata, 
Ramalina taitensis, Usnea bismolliuscula exhibited a 
variety of phytochemical constituents in solvent extracts. 
The moderate antioxidant activities of methanol extract 
depicted the possible application of these lichens in 
pharmacology. These can be a promising alternative to 
synthetic antioxidants. Additionally, it is suggested that the 
lichen substances such as atranorin, sekikaic acid, usnic 
acid detected in solvent extracts using LC/MS are 
responsible for radical scavenging activity.  Further animal 

studies are underway to assess the cytoxicity effects of 
these lichen extracts. 
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Abstract 

Ultra performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry (UPLC-qTOF-MS) 

technique led to the detection of 55 metabolites in Limonium tubiflorum (Delile) Kuntze var tubiflorum flowers extract for 

the first time including 38 flavonoids, 7 phenolic acids and 10 anthocyanins. The total phenolic content was (231.225 mg 

GAE g DW-1) and the total flavonoid content was (136.66 mg rutin g DW-1) in L. tubiflorum (Delile) Kuntze var tubiflorum. 

The flower plant powder has been prepared by successive fractionation. The successive extracts have been tested for in vitro 

cytotoxic activity against MCF7, HEPG2, and HCT116 and exhibited moderate to weak cytotoxic activities compared to 

Doxorubicin (positive control) which showed in vitro cytotoxic effect with IC50 values of 2.97 ± 0.9, 4.57 ± 0.5 and 3.73 ± 

0.6 µg/mL, respectively. The results also showed that the 95% ethanolic successive extract exhibited the strongest cytotoxic 

activity among all the tested extracts against HEPG2 and HCT116 cell lines with IC50 values of 21 ± 0.5 and 21 ± 0.8 

µg/mL, respectively, while 70% ethanolic successive extract showed the highest cytotoxic activity against MCF7 cell line 

with IC50 value (26.6 ± 0.7 µg/mL). The hydro-ethanolic plant flower extracts are enriched in phenolic compounds 

(flavonoids, phenolic acids and anthocyanins) which are likely to mediate for cytotoxic activity. 
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1. Introduction 

Plumbaginaceae is a family of flowering plants 
cosmopolitan in distribution. It is sometimes referred 
to as the leadwort family or the plumbago. It consists 
of about 30 genera and 725 species (Christenhusz 
and Byng, 2016). Limonium genus, also known as 
(Statice or Sea-lavender), is one of the largest genus 
of this family comprising about 180 species of  
halophytic plants as perennial shrubs, 
subshrubs spread in Africa, Europe, America and 
Asia (Ksouri et al., 2011). 

The salt-tolerant halophyte Limonium genus has 
many potentially useful plants. It has traditionally 
been used to treat a wide range of diseases and 
ageing symptoms, and continues to be used for such 
medical purposes in rural areas (Ksouri et al. 2011). 
For examples, Limonium brasiliense Kuntze exhibits 
anti-inflammatory and antibacterial properties 
(Murray et al. 2004), L. wrightii (Hance) Kuntze is 
used to treat arthritis and fever (Aniya et al. 2002), 
L. sinense (Girard) Kuntze has been reported to 
possess antiviral properties (Yuh-Chi et al. 2002), 
and L. axillare (Forssk.) Kuntze and L. californicum 
(Boiss.) A. Heller have been shown cytotoxic and 
antibacterial effects (Kandil et al. 2000). Limonium 

is reported to have a wide range of chemical 
diversity (Medini et al. 2014). 

L. tubiflorum (Delile) Kuntze var tubiflorum is a 
perennial subshrub 10–35 cm, woody at the base, 
densely covered with scale-like tubercles; stems 1–5 
cm, simple to richly branched, leafy; leaves 
restricted to basal part of the short stems, 0.5–2 x 
0.2–0.5 cm, flowering stems branched, brittle; 
flowers 1 cm diam, the margin membranous; outer 
bracts 1.5–3.5 x 2 mm, unequal, broadly ovate,acute, 
the inner 7–9 x 2.5 mm; calyx-teeth ending in a 
reddish–brown awn 2–3 mm; petals . 1.5 cm vivid 
rose, fruit not seen.  The plant has been recorded to 
grow in Egypt (South of Mersa Matruh region) in 
calcareous ridges (Boulos, 2000). 

To the best of our knowledge, there are no 
previous studies regarding the chemical constituents 
of L. tubiflorum (Delile) Kuntze var tubiflorum. 
Therefore, this study targets the chemical profile of 
the flower extract of the plant and investigates in 
vitro cytotoxic activity of the successive extracts of 
the flower plant powder against MCF7, HEPG2 and 
HCT116 in order to evaluate its potential medicinal 
uses. 

https://en.wikipedia.org/wiki/Family_(biology)
https://en.wikipedia.org/wiki/Flowering_plants
https://en.wikipedia.org/wiki/Cosmopolitan_distribution
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2. Materials and Methods 

2.1. Plant collection and Preparation 

The aerial parts of L. tubiflorum (Delile) Kuntze var 

tubiflorum were collected in April 2017 from Wadi Habis 

at Mersa matrouh governorate, Northwestern coast, Egypt. 

The plant sample was identified by Prof. Dr. Azza El 

Hadidy, Professor of plant taxonomy and flora, 
Botany Department, Faculty of Science, Cairo University, 

Egypt. A voucher specimen of the plant (18/4/2017-H) 

was deposited at the Herbarium of Faculty of Science, 

Cairo University, Egypt. The flowers were separated then 

stored in plastic bags under dark, chilled conditions during 

transportation to the laboratory, then washed under tap 

water and air dried at Laboratory temperature till constant 

weight. The flowers were ground to fine powder to be used 

for chemical analysis. 

2.2. Human tumor cell lines for the cytotoxic activity 

Human tumor cell lines [HEPG2 (liver carcinoma cell 

line), MCF7 (breast carcinoma cell line) and HCT116 

(colon carcinoma cell line)] were obtained in frozen state 

under liquid nitrogen (-180 ºC) from the American Type 

Culture Collection. The cancer cell lines were maintained 

by serial sub-culturing in the National Cancer Institute, 

Cairo, Egypt. The cells were suspended in RPMI 1640 

medium (Sigma-Aldrich, USA) supplemented with 10% 

fetal bovine serum (Sigma-Aldrich, USA) in presence of 

1% antibiotic antimycotic mixture (10.000 U/mL K-

penicillin, 10.000 U/mL streptomycin sulphate and 25 

μg/mL amphotericin B) and 1% L-glutamine (all 

purchased from Lonza, Belgium). 

2.3. Extraction procedure for L. tubiflorum (Delile) 

Kuntze var tubiflorum flowers 

For chemical profile of L. tubiflorum (Delile) Kuntze 

var tubiflorum via high resolution UPLC-qTOF-MS 

analysis, 20 mg of the flowers plant powder was 

homogenized with 4 mL 70% MeOH using an ultrasonic 

bath for 30 min. Extract was then vortexed and centrifuged 

at 10,000g for 10 min to remove plant debris and filtered 

through 22 µm millipore filter. For cytotoxic assay, other 

quantity (25 g) of the air-dried powder of L. tubiflorum 

(Delile) Kuntze var tubiflorum flowers was subjected to 

successive extraction with gradient organic solvents in 

polarity (petroleum ether, chloroform, ethyl acetate, 95% 

ethanol and 70% ethanol) using soxhlet apparatus. The 

obtained residue from each solvent was dried and weighed. 

2.4. Determination of Total Phenolic Content 

The total phenol content was analyzed using a 

colorimetric measurement at 630 nm (Attard, 2013). A 

standard series of gallic acid (GA) was used for 

quantification. Each sample was measured as technical 

triplicate. Results were given as GA equivalents (GAE)/g 

dry weight. Gallic acid stock solution of 1mg/mL in 

methanol was prepared, and seven serial dilutions were 

prepared in the concentrations of 500, 250, 125, 62.5, 31.2, 

15.6, and 7.8 µg/mL. Solution of flower sample was 

prepared in concentration of 5mg/mL in methanol. Then 

the results were recorded using microplate reader FluoStar 

Omega. Each of the 7 standards and the sample were 

pipetted in the plate wells in 6 replicates. Measurement 

was performed at 630 nm. 

2.5. Determination of Total Flavonoid Content 

The amount of total Flavonoid content was determined 

by aluminum chloride assay through colorimetric method 

at 510 nm (Herald et al. 2012). Distilled water (100 µL) 

was added to each of the 96 wells, followed by 10 µL of 

50 g/L NaNO2 and 25 µL of standard or flower sample 

solution. After 5 min, 15 µL of 100 g/L AlCl3 was added 

to the mixture; 6 min later, 50 µL of 1 mol/L NaOH and 50 

µL of distilled water were added. The plate was shaken for 

30 seconds in the plate reader prior to absorbance 

measurement at 510 nm. Rutin was used as a standard, its 
stock solution of 1mg/mL in methanol was prepared, and 6 

standards were prepared in the concentrations of 1000, 

500, 250, 150, 100, and 50 µg/mL generate a calibration 

curve. Then, the results were recorded using microplate 

reader FluoStar Omega. Each of the 6 standards and the 

sample were pipetted in the plate wells in 6 replicates. 

Measurement was performed at 510 nm. 

2.6. Metabolites analysis via high-resolution UPLC-

qTOF-MS analysis 

Chromatographic separations were performed on Sciex 

ExionLC chromatographic separation coupled with 

TripleTOF 5600+ equipped with a Xbridge C18 column 

(3.5 µm, 2.1x50 mm; Waters) applying the following 

elution binary gradient at a flow rate of 0.3 mL min–1: 0–1 

min, isocratic 90% A (5 mM ammonium formate buffer 

pH=8 containing 1% methanol [v/v]), 10% B (100 % 

acetonitrile); 1–21 min, linear from 10–90% B; 21–25 min, 

isocratic 90% B; 25–28 min, isocratic 10% B. The 

injection volume was 10µL. Eluted compounds from 

UPLC were detected from m/z 100 to 1000 using a 

MicroTOFQ hybrid quadrupole time-of-flight mass 

spectrometer (Bruker Daltonics) equipped with an Apollo-

II electrospray ion source in negative ion modes using the 

following instrument settings: nebulizer gas, nitrogen,1.6 

bar; dry gas, nitrogen, 190 ºC; capillary,5500 V (+4000 

V); end plate offset, 500 V; funnel 1 RF, 200 Vpp; funnel 

2 RF, 200 Vpp. MicroTOF-Q: Precursor ions were 

selected in Q1 with an isolation width of ±2 D and 

fragmented in the collision cell applying collision energies 

in the range of 10–30 eV. Argon was used as collision gas. 

Product ions were detected using the following parameter 

settings: collision RF 150/400 Vpp (timing 50/50); transfer 

time, 70 ls; pre pulse storage, 5 ls; pulser frequency, 10 

kHz; spectra rate, 1.5 Hz. The MSn spectra were recorded 

by using the following conditions: MS/MS analysis with 

starting collision-induced dissociation energy of 30 eV and 

an isolation width of ±2 D in a data dependent, negative 

ionization mode. UPLC–MS files were converted to 

netCDF file format using the File Converter tool in Bruker 

Daltoniks software and further processed using AMDIS 

software to assist in adjacent peak deconvolution and 

background subtraction (Halket et al. 1999). Metabolites 

were characterized by their retention times, mass spectra 

and phytochemical dictionary of natural products database. 

2.7. Cytotoxicity assay 

Cytotoxicity assay of the successive extracts of the 

flowers of L. tubiflorum (Delile) Kuntze var tubiflorum 

was tested using the method of Skehan et al. 1990. Cells 

were plated in 96-multiwell plate (104 cells /well) for 24 

hours before treatment with the extracts. Different 

concentrations of each extract under test (0, 5, 12.5, 25 and 
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50 µg/mL) were added to the cell monolayer. Triplicate 

wells were prepared for each individual dose. Monolayer 

cells were incubated with the extracts for 48 hours at 37 ºC 

and atmosphere of 5% CO2. After 48 hours cells were 

fixed, washed and stained with sulforhodamine B stain 

(SRB). Excess stain was washed with acetic acid and 

attached stain was recovered. Tris-EDTA buffer Color 

intensity was measured in an ELISA reader. The relation 

between surviving fraction and extract concentration is 

plotted to get the survival curve of each tumor cell line 

after the specified extract under investigation was added. 

The IC50 value was defined as the concentration of the 

tested extract (µg/mL) that decreased the number of viable 

cells by 50%. Results are expressed as the mean value of 

triplicate data points ± SD. 

3. Results  

3.1. Determination of Total Phenolic Content 

Total phenolic content of L. tubiflorum (Delile) Kuntze 

var tubiflorum flowers was calculated and represented as 

gallic acid equivalent (mg GAE g DW-1), where the total 

phenolic content was 231.225± 14.899 mg GAE g DW-1. 

3.2. Determination of Total Flavonoid Content 

The total flavonoid content of L. tubiflorum (Delile) 

Kuntze var tubiflorum was expressed as rutin equivalents 

in [mg g DW-1] and its value equal 136.66± 11.168 mg 

Rutin g DW-1. 

3.3. Metabolites profiling via UPLC-qTOF-MS 

Chemical composition of L. tubiflorum (Delile) Kuntze 

var tubiflorum was performed via UPLC/qTOF-MS in 

negative ionization mode to provide a comprehensive 

coverage of metabolites composition. The metabolites 

profile of L. tubiflorum (Delile) Kuntze var tubiflorum 

flower extract led to the identification of 55 metabolites 

belonging to phenolic compounds including flavonoids, 

phenolic acids, and anthocyanins (Table 1). These 

compounds include 38 flavonoids, namely Luteolin (1), 

Luteolin-7-O-glucoside (2), Kaempferol-7-O-

neohesperidoside (3), Hesperidin (4), Quercetin-4'-O-

glucoside (5), Quercetin (6), Luteolin-3', 7-di-O-glucoside 

(7), 3, 5, 7-trihydroxy-4'-methoxyflavone (8), 

Isorhamnetin-3-O-glucoside (9), Isorhamnetin-3-O-

rutinoside (10), Kaempferol-3-O-α-L-rhamnoside (11), 

Apigenin 8-C-glucoside (12), Syringetin-3-O-glucoside 

(13), Apigenin (14), 3'-methoxy-4',5,7-trihydroxyflavonol 

(15), Kaempferol-3-O-glucuronide (16), Naringenin (17), 

Syringetin-3-O-galactoside (18), Rhoifolin (19), 

Formononetin (20), Acacetin-7-O-rutinoside (21), 

Quercetin-3-O-arabinoglucoside (22), Quercetin-3-D-

xyloside (23), Catechin (24), Hesperetin (25), Myricitrin 

(26), Myricetin (27), Quercetin-3-O-glucuronide (28), 

Naringenin-7-O-glucoside (29), Apigenin-7-O-glucoside 

(30), Quercetin-3,4'-O-di-glucopyranoside (31), Quercetin-

3-arabinoside (32), Acacetin (33), Kaempferol-3-O-α-L-

arabinoside (34), Kaempferol-3-O-robinoside-7-O- 

rhamnoside (35) Luteolin-6-C-glucoside (36), 

Isoquercitrin (37), Baicalein-7-O-glucuronide (38)  and 7 

phenolic acids namely D-(-)-Quinic acid (39), Chlorogenic 

acid (40), 3,4-dihydroxybenzoic acid (41), 

Homogenentisic acid (42), Caffeic acid (43), Rosmarinic 

acid (44), p- hydroxybenzoic acid (45), and 10 

anthocyanins namely Delphinidin-3-O-β-glucopyranoside 

(46), Pelargonidin-3-O-glucoside (47), Cyanidin-3,5-di-O-

glucoside (48), Peonidin (49), Cyaniding-3-O-glucoside 

(50), Cyanidin-3-O-(2''-O-β-xylopyranosyl-β-

glucopyranoside) (51), Petunidin-3-O-β-glucopyranoside 

(52), Malvidin-3,5-di-O-glucoside chloride (53), Peonidin-

3-O-glucoside chloride (54), Malvidin-3-O-galactoside 

(55). The total ion chromatogram is shown in Fig. 1.

Figure 1. Total ion chromatogram of metabolities of L. tubiflorum (Delile) Kuntze var tubiflorum flowers
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Table 1. Metabolities identified in 70% methanol flowers extract of L. tubiflorum (Delile) Kuntze var tubiflorum via UPLC-qTOF-MS in 

negative ionization mode.  

Peak  Rt(min) [M-H]- m/z Formula    MS/MS            Identification 

1 6.9611 477.1048 C22H22O12 317,316,286 Petunidin-3-O-β-glucopyranoside 

2 8.8432 285.0431 C15H9O6 285,217,175 , 151 Luteolin 

3 6.7060 447.0946 C21H19O11 285,199,175 Luteolin-7-O-glucoside 

4 6.4047 593.1537 C27H29O15 447,285 Kaempferol-7-O-neohesperidoside 

5 5.7482 609.1475 C28H33O15 578,463,301 Hesperidin 

6 5.8947 463.0890 C21H19O12 301 Quercetin-4'-O-glucoside 

7 9.0820 301.0370 C15H9O7 301,271,151 Quercetin 

8 8.2692 609.1293 C27H29O16 447,285 Luteolin-3', 7-di-O-glucoside 

9 1.9536 353.0896 C16H17O9 191,179 Chlorogenic acid 

10 1.1835 191.0567 C7H11O6 173,127,109,85 D-(-)-Quinic acid 

11 9.7857 299.0577 C16H11O6 284,268 3', 5, 7-trihydroxy-4'-methoxyflavone 

12 1.2210 153.0185 C7H5O4 109 3,4-dihydroxybenzoic acid 

13 7.7153 477.1033 C22H21O12 315,299,285 Isorhamnetin-3-O-glucoside 

14 6.6572 623.1620 C28H31O16 477,315 Isorhamnetin-3-O-rutinoside 

15 5.4726 431.1931 C21H19O10 285 Kaempferol-3-O- α-L -rhamnoside 

16 6.1194 431.0995 C21H20O10 341,311, 269 Apigenin 8-C-glucoside 

17 7.4670 507.1133 C23H23O13 477,345,314 Syringetin-3-O-glucoside 

18 10.1651 269.0464 C15H9O5 269,151 Apigenin 

19 10.7898 315.0530 C16H11O7 300,199,285 3'-methoxy-4',5,7-trihydroxyflavonol 

20 6.2827 461.0753 C21H17O12 285 Kaempferol-3-O-glucuronide 

21 6.5392 167.0346 C8H7O4 167 Homogenentisic acid 

22 10.0298 271.0725 C15H11O5 271, 175 Naringenin 

23 10.0298 507.0399 C23H23O13 345 Syringetin-3-O-galactoside 

24 5.2471 179.0337 C9H7O4 179,135,107 Caffeic acid 

25 4.9041 577.1582 C27H29O14 431,269 Rhoifolin 

26 11.8527 267.0665 C16H11O4 253,237 Formononetin 

27 6.5637 591.0120 C28H31O14 445,283,268 Acacetin-7-O-rutinoside 

28 8.4151 595.0636 C26H27O16 463,301 Quercetin-3-O-arabinoglucoside 

29 8.8432 433.1046 C20H17O11 301 Quercetin-3-D-xyloside 

30 7.7851 497.1087 C22H22ClO11 463,335,301 Peonidin-3-O-glucoside chloride 

31 5.1964 447.0913 C21H20O11 285 Cyanidin-3-O-glucoside 

32 4.0883 359.0535 C18H15O8 161 Rosmarinic acid 

33 1.3099 431.0312 C21H20O10 271, 270 Pelargonidin-3-O-glucoside 

34 7.7974 491.1168 C23H24O12 330,329,314, 299 Malvidin-3-O-galactoside 

35 7.1186 289.1456 C15H13O6 271,247,125 Catechin 

36 2.8862 283.0232 C16H11O5 283,253 Acacetin 

37 6.9123 739.2557 C33H39O19 593,431,285 Kaempferol-3-O-robinoside-7-O-rhamnoside 

38 6.7305 447.1602 C21H19O11 285 Luteolin-6-C-glucoside 

39 1.3973 298.9926 C16H12O6 283,270,269 Peonidin 

40 1.4101 137.0243 C7H5O3 137,93 p - hydroxybenzoic acid 

41 4.4711 301.0936 C16H13O6 301,258,143 Hesperetin 

42 7.4033 653.1713 C29H34ClO17 654,653,491, 329 Malvidin-3,5-di-O-glucoside chloride 

43 12.2830 463.1032 C21H19O12 317 Myricitrin 

44 6.4410 317.0325 C15H9O8 287,178,151 Myricetin 

45 2.9110 477.0414 C21H17O13 301 Quercetin-3-O-glucuronide 

46 6.2322 579.1379 C26H28O15 448,447,286 Cyanidin-3-O-(2''-O-β- xylopyranosyl-β-glucopyranoside) 

47 9.7118 433.1039 C21H21O10 271 Naringenin-7-O-glucoside 
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48 1.3099 463.0483 C21H20O12 302 Delphinidin-3-O-β-glucopyranoside 

49 1.2210 431.1375 C21H19O10 269 Apigenin 7-O-glucoside 

50 9.6628 445.1456 C21H17O11 269 Baicalein-7-O-glucuronide 

51 7.0216 624.1066 C27H29O17 462,301 Quercetin-3,4'-O-diglucopyranoside 

52 7.3153 417.0930 C20H17O10 285 Kaempferol-3-O-α-L-arabinoside 

53 5.5012 433.0931 C20H17O11 301 Quercetin-3-arabinoside 

54 7.7533 463.1581 C21H19O12 301 Isoquercitrin 

55 1.3099 609.0966 C27H30O16 448,447,286 Cyanidin-3,5-di-O-glucoside 

3.4. Successive Extraction 

Successive extraction showed that the percentages of 

residue of petroleum ether, chloroform, ethyl acetate, 95% 

ethanol and 70% ethanol extracts were 1.2, 1.4, 1.66, 9.06 

and 4.52% respectively. The obtained percentage of total 

residues was 17.84%. The 95% ethanol extract has the 

highest percentage among the extracts, while the lowest 

one was that of petroleum ether extract. 

3.5. Cytotoxic Activity 

Cytotoxicity of the successive extracts of L. tubiflorum 

(Delile) Kuntze var tubiflorum flowers were tested against 

HEPG2, MCF7, and HCT cell lines. Results showed that 

successive extracts of the plant flowers exhibited moderate 

to weak cytotoxic activity against HEPG2, MCF7 and 

HCT116 compared to Doxorubicin (positive control) 

which showed in vitro cytotoxic effect with IC50 values of 

4.57 ± 0.5, 2.97 ± 0.9 and 3.73 ± 0.6 µg/mL, respectively 

(Table 2). The 95% ethanolic extract of the flower plant 

powder exhibited the strongest cytotoxic activity among 

all the tested successive fractions against HEPG2 and 

HCT116 cell lines with the same IC50 value of 21 ± 0.5 

and 21 ± 0.8 µg/mL, respectively, whereas 70% ethanolic 

successive extract showed the highest cytotoxic activity 

against MCF7 cell line among the tested extracts with IC50 

value of 26.6 ± 0.7 µg/mL.  

Table 2. IC50 (Inhibition concentration) of the successive extracts 

of L. tubiflorum (Delile) Kuntze var tubiflorum flowers on MCF7, 

HEPG2 and HCT116 

Successive extracts 

& Doxorubicin  (+ve 

control) 

IC50 (µg/mL) 

HEPG2 MCF7 HCT116 

Petroleum.ether 37 ± 0.6 33 ± 1.0 38.5 ± 1.1 

Chloroform 36 ± 0.3 34.5 ± 1.2 39 ± 1.2 

Ethylacetate 27 ± 0.2 28.9 ± 0.8 27.5 ± 1.2 

Ethanol 95% 21 ± 0.5 28.7 ± 0.7 21 ± 0.8 

Ethanol 70% 31.5 ± 0.3 26.6 ± 0.7 34 ± 1.2 

Doxorubicin 

(positive control) 

4.57 ± 0.5 2.97 ± 0.9 3.73 ± 0.6 

* The activity was shown as IC50 value, which was the 

concentration of the tested extract (µg/mL) that decreased the 

number of viable cells by 50%. Results are expressed as IC50 ± SD 

(n = 3). 

4. Discussion  

From the above results, it was found that the number 

flavonoids were the major chemical constituents present in 

L. tubiflorum (Delile) Kuntze var tubiflorum flowers 

extract. Flavonoids (flavone, flavonols, and flavanones) 

and/or their conjugates, O-glycosides resulted from UPLC-

qTOF-MS, were previously reported in Limonium species 

(Lin and Chou, 2000). In MS analysis, the type of the 

sugars were observed by the loss of 132 amu (pentose), 

146 amu (monodeoxyhexose), 162 amu (hexose), and 176 

amu (hexouronic acid) residues. Tandem MS spectra of L. 

tubiflorum (Delile) Kuntze var tubiflorum identified 

quercetin as its aglycone (m/z 301.037, C15H9O7) in peaks 

(6-7, 28-29, 45, 51 and 53) and luteolin (m/z 285.0431, 

C15H9O6)- in peaks (2-3, 8 and 38), (Table 1). For 

example, hesperidin with m/z 609.1475 and molecular 

formula (C28H33O15) were detected in peak 5. 

Fragmentation pattern of peak 5 showed losses of 31 amu 

(-methoxy group), 146 amu (-monodeoxyhexose) and 162 

amu (-hexose unit), identified as hesperidin. 

Another class of compounds that was detected includes 

phenolic acids. For instance, chlorogenic acid was 

recognized from its [M-H]-, m/z 353.0896 detected at Rt 

1.9536 min (peak 9)  and showed also fragment ions at 191 

amu and 179 amu corresponding to quinic acid and caffeic 

acid found in the tandem MS spectra of peak 10 and 24, 

respectively (Table 1). 

Anthocyanins and/or their conjugates, O-glycosides 

were also characterized in the negative ion MS spectra 

including 10 compounds. For example, Petunidin-3-O-β-

glucopyranoside (peak 1) with (m/z 477.1048, C22H22O12) 

which has fragmentation pattern showed losses of 162 amu 

(-hexose unit) and 31 amu (-methoxy group). 

Anthocyanins have been previously recorded in the species 
Limonium (Asen et al., 1973). 

UPLC–MS profiling revealed the enrichment of L. 

tubiflorum (Delile) Kuntze var tubiflorum flower extract 

with number of flavonoids especially flavone and flavonol 

types and their O-glycosides in the plant, which is in 

agreement with Iwashina, 2013. The successive 
fractions of L. tubiflroum (Delile) Kuntze var tubiflorum 
flowers especially the hydro-ethanolic extracts (95% 
Ethanol and 70% Ethanol) showed a promising 
cytotoxic activity as a result of their enrichment in 

phenolic compounds. Our findings were consistent with 
the results obtained from the previous cytotoxic 
studies on L. globuliferum Kuntze (Eren, 2016). 

Data of this study showed that L. tubiflroum (Delile) 

Kuntze var tubiflorum collected in Egypt contains 

appreciable amounts of total phenolic and total flavonoid 

contents. Also, the current study describes the screening of 

the metabolic profile of L. tubiflroum (Delile) Kuntze var 

tubiflorum via UPLC/qTOF/MS for the first time resulting 

55 metabolities dominated by flavonoids of about 38 

compounds matches with the high total flavonoid content. 
Flavonoids are synthesized by plants with in vitro 

cytotoxic activity against various types of cancer cell lines 

(Oueslati et al. 2012, Boulaaba et al. 2013 and Boulaaba et 

al. 2019). Flavonoids such as kaempferol, quercetin and 

their glycosides have been found to possess a protective 
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effect against cancer by their effect on signal transduction 

in cell proliferation and angiogenesis (Fatemeh and 

Khosro, 2013). Recently, flavonoids enhanced a great 

interest in the beneficial human health effects such as 

antitumor, anti-inflammatory, antiviral, anti-diabetic and 

anti-ageing properties (Cook and Samman, 1996, Ren et 

al. 2003, Zhou et al. 2009 and Boulaaba et al. 2019). It 

was declared that these compounds contribute to all the 

former biological effects via their strong antioxidant and 

free radical scavenger capabilities (Sharififar et al. 2009 

and Abdel-Mawgoud et al. 2019). Phenolic acids 

determined in UPLC/qTOF/MS analysis could contribute 

as well enhance the cytotoxic activity and have the ability 

to scavenge the free radical that caused cell damage and 

apoptosis. Various phenolic acids have this activity such as 

caffeic acid and chlorogenic acid with antiproliferative 

effect (Ye et al. 2010, Yagasaki et al. 2000). This effect is 

attributed to the presence of two OH groups on phenyl 

group in their structure, giving them the same polyphenols 

properties. 

Furthermore, UPLC/qTOF/MS analysis was able to 

identify 10 anthocyanin compounds; anthocyanins are a 

type of flavonoids found naturally in a number of foods 

and plants possessing antioxidant effects. Anthocyanins 

were previously characterized for genus Limonium 

(Iwashina, 2013). Numerous studies have confirmed that 

anthocyanins have anti-proliferative properties (Thomasset 

et al. 2009, Jeong et al. 2010 and Szymanowska et al. 

2018). 

5. Conclusion 

In summary, this is the first study on the metabolite 

profile of L. tubiflorum (Delile) Kuntze var tubiflorum 

flowers via UPLC-qTOF-MS resulting in tentatively 

identification of 55 metabolites of phenolic compounds 

including 38 flavonoids, 7 phenolic acids and 10 

anthocyanins. This approach permitted identifying several 

phenolic compounds in the plant flowers. Also, the results 

suggest that L. tubiflorum (Delile) Kuntze var tubiflorum 

could represent a promising source of natural products. 

Additionally, the total flavonoid and phenolic content of 

the plant flowers were determined. In vitro cytotoxic 

activity of the successive plant extracts were investigated 

against MCF7, HEPG2 and HCT116. The results showed 

that the 95% ethanolic successive extract among all the 

tested successive extracts exhibited the strongest cytotoxic 

activity against HEPG2 and HCT116 cell lines with the 

same IC50 value of 21 ± 0.5 and 21 ± 0.8 µg/mL, 
respectively. The hydro-ethanolic plant flower extracts 

are enriched in phenolic compounds which are likely to 

mediate for cytotoxic activity. This research provides 

useful knowledge for further studies on isolation and 

characterization of the active compounds as well as the 

biological screening of these isolated metabolites 

providing the potential uses of L. tubiflorum (Delile) 

Kuntze var tubiflorum. 
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Abstract 

High temperature stress (HTS) is one of the most detrimental abiotic stresses which adversely affect productivity of maize 
(Zea mays L.). Plants respond to HTS by regulating expression of many genes including heat shock proteins (HSPs). We 
carried out expression analysis of six HSP genes by western blot (WB) and real-time polymerase chain reaction (RT-PCR) in 
four contrasting Egyptian maize lines, i.e. K1, K7, G342 (heat tolerant) and Rg59 (heat susceptible), subjected to HTS at 
seedling stage. The six-maize specific HSP genes (ZmHSP70, ZmHSP22, ZmHSP17.9, ZmHSP17.6, ZmHSP16.9 and 
transcription factor ZIP60) exhibited distinctive expression patterns in response to heat stress (HS). Higher upregulation of 
ZmHSP70, ZmHSP22, ZmHSP17.9 and ZmHSP17.6 were found throughout the stress exposure at 45°C for 2 and 4 hours in 
the heat tolerant lines as compared to the control (25°C) and susceptible line. Meanwhile, the susceptible line showed 
expression of many HSP genes in the control, but these genes were down-regulated by HS. The line K1 showed expression 
level for ZmHSP70, ZmHSP17.9, ZmHSP17.6 and ZmHSP16.9 genes more than the other lines indicating its highly 
tolerance against HTS. Higher upregulation of these six genes in the heat tolerant lines indicated their possible role in 
protecting plant from adverse effects of HS.  

Keywords: Maize, Heat shock proteins, Heat tolerance, Western blot, RT- PCR, Genes. 
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1. Introduction 

Plant productivity is related to the ability of plants to 
adapt to environmental stress (Sachs and Ho, 1986). Many 
stress proteins have been proposed to function during 
stress in the binding of denatured proteins, thus preventing 
their degradation, and in the refolding of these proteins 
into their native structure (Schröder et al., 1993; Hendrick 
and Hartl, 1993). WB is a sensitive immunological method 
to investigate protein abundance, cellular localization, 
protein–protein interactions, detection of antigens in crude 
mixtures of proteins and clinical applications in 
autoimmune diseases. Specific antibodies are a reliable 
tool to examine protein expression patterns and to 
determine the protein localizations within cells (10TBurnette,10T55T 
1981;55T 62TOkegawa et al., 62T2016; Bass et al., 2017). 

Lenne and DouceP

 
P(1994) reported that when pea (Pisum 

sativum) plants are shifted from 25ºC up to 40ºC for 3 h, 
22-kD protein was produced in mitochondria. HSP22 was 
used as antigen to prepare antiserum, which the expression 
of HSP22 was studied using immunodetection methods. 
Examination of mitochondria matrix extracts by 
polyacrylamide gel electrophoresis (PAGE) and immune 
blotting with anti-HSP22 serum revealed HSP complex 
contains HSP22. Lenne et al. (1995)P

 
Ppurified HSP22 and 

developed a polyclonal antibody. Use of antiserum 
allowed them to show that the HS response is a rapid 

process since HSP22 can be detected in total protein 
extracts as early as 30 min after treatment at 40°C of pea 
(Pisum sativum). Lund et al. (1998) identified 
mitochondrial HSP70 and cpn60 in maize inbred “B73” 
using two dimensional-PAGE (2D-PAGE) and immune-
blots. During HS at 42°C for 4 h, the level of HSP22 
increased dramatically. Monoclonal antibodies were 
developed to maize HSP70, cpn60, and HSP22. Maximal 
HSP22 expression occurred in etiolated seedling 
mitochondria after 5 h of a +13°C HS. Li et al. (2011)P

 

Pcarried out WB to detect the expression of target proteins 
in a set of 10 rice samples. The results indicated that HSP 
was the most constantly expressed among all rice proteins 
tested throughout all developmental stages. They found 
that the reference proteins and the corresponding 
antibodies can be used in qualitative and quantitative 
analysis of rice proteins. 

RT-PCR has become one of the most widely used 
methods of gene quantitation because it has a large 
dynamic range, can be highly sequence-specific and has 
little post-amplification processing. In addition, many 
diagnostic applications have been developed, including 
microbial quantification, identification of transgenes in 
genetically modified foods and applications for forensic 
use (Wong and Medrano, 2005; Berg et al., 2007). The 
fluorescence-based quantitative RT-PCR (qRT-PCR) is an 
accurate tool to analyze gene expression, which mRNA 
normalization requires internal control genes are stably 

https://www.sciencedirect.com/science/article/pii/S1046592815300875#!
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expressed should be used. Reference genes, which serve as 
endogenous controls to ensure that the results are accurate 
and reproducible, are vital for data normalization (Lilly et 
al., 2011; Zhang et al., 2013; Lin et al., 2014).  

Li et al. (2015) found that, using qRT-PCR, the 
expression level of ZmHsf06 was raised by heat stress to 
different extents in three Arabidopsis transgenic lines. 
Phenotypic observation showed over-expressing of 
ZmHsf06 in Arabidopsis plants, which enhanced basal and 
acquired thermo-tolerance under HS conditions. Zhao et 
al. (2017) demonstrated that ZmHsf04, analyzed by qRT-
PCR, was expressed in multiple tissues of maize. 
Expression level of ZmHsf04 was up-regulated 
significantly by HS at 42℃, especially in pollens with the 
value of 16 times of the control. Song et al. (2016) isolated 
HSP70 gene from maize designated as ZmERD2 (Early 
Responsive to Dehydration 2). Expression of ZmERD2 
was analyzed by qRT-PCR in maize found to be induced 
by HS and dehydration treatments. The expression was 
induced at 42°C and reached 40-fold above the control 
level after one hour of HS. Kumar et al. (2019) 

characterized five HSP genes and their expression analysis 
in two contrasting maize lines, i.e. LM17 (heat tolerant) 
and HKI1015WG8 (heat susceptible) subjected to HTS. 
The five-maize specific HSP genes, viz., ZmHsp26, 
ZmHsp60, ZmHsp70, ZmHsp82 and ZmHsp101 exhibited 
different expression pattern in response to HS. They found 
higher upregulation of ZmHsp70 and ZmHsp101 
throughout the stress exposure in the heat tolerant line as 
compared to the susceptible line.  

The objectives of this study are quantification of 
expression levels of HSP genes in four Egyptian maize 
lines by WB and RT-PCR analyses and identification of 
specific genes playing essential role in HS tolerance for 
developing stress resistant genotypes. 

2. Materials and methods 

2.1. Plant materials 

Four Egyptian inbred lines of maize (Zea mays L.) 
were used in this study. Two lines K1 and K7 were 
developed by the plant breeding group, National Research 
Centre, Giza, Egypt. The other two lines G342 and Rg59 
were kindly supplied by the Agriculture Research Center, 
Giza, Egypt. The four lines were previously studied to 
identify HSPs under HS at 45°C as protein markers for 
detecting the thermo-tolerance lines. The results indicated 
that the three lines K1, K7 and G342 are tolerant and the 
line Rg59 is susceptible (Mahmoud et al., 2018). 

2.2. Western blot analysis 

The proteins were separated on one-dimensional gel 
and transferred to nitrocellulose membranes according to 
Towbin et al. (1979). The membrane was incubated with 
PBS buffer (1.6 mM PO4H2Na.H2O, 8.4 mM 
PO4HNa2.2H2O, 150 mM NaCl, pH 7.4.), 0.1% Tween 20 
and 3% skimmed milk buffer for one hour at RT on 
shaker. PBS buffer was used to wash the membrane three 
times each time for 5 min, then the first antibody (Bib- 
hsp17.6/ hsp22 with dilution 1:1000 and hsp17.9/ hsp70 
with dilution 1:4000) was added in PBS buffer with 0.1% 
Tween 20 and 3% skimmed milk. The membrane was 
incubated for 2 h at RT, then washed three times with PBS 
buffer with 0.1% Tween 20, each time for 5 min. The 

second antibody (anti-Rabbit) was added with dilution 
1:1000 in PBS buffer with 0.1% Tween 20 and 3% 
skimmed milk; then incubated for 2 h at RT and washed 
three times with PBS buffer. The proteins on membrane 
were detected after maintaining for the needed time, then 
exposed to autoradiography using LAS 4000 instrument. 
Immunoreactive bands were visualized with a highly 
sensitive chemiluminescent substrate for peroxidase 
detection (GE Healthcare Europe GmbH, Freiburg, 
Germany). The Actin gene was used as reference gene to 
normalize the expression values. 

2.3. Real Time PCR analysis 

The expression levels of three HS genes markers 
(ZIP60 transcription factor, hsp22 and hsp16.9) were 
detected by RT-PCR for the four maize lines K1, K7, 
G342 and Rg59. The primers listed in Table (1) were 
designed using Primer Express Software (Applied 
Biosystems, Foster City, CA, USA). Total RNA 
preparation, first-strand cDNA synthesis and RT-PCR 
were performed as described by Cui et al. (2012). DNaseI-
treated total RNA was subjected to reverse transcription 
using QuantiTect Reverse Transcription kit (Qiagen, 
Germany), cDNA samples from three independent 
replicates were analyzed by FluidiGM system (San 
Francisco, CA, USA). Master mix tubes (Invitrogen, USA) 
were used in the reactions, each tube containing: dNTPs, 
MgCl2, RT-PCR buffer and Taq DNA polymerase. The 
concentration of the primers was 10 µM/µl and cDNA 
concentration was 15 ng/µl. After the reactions were 
mixed, vortexed for 30 second then centrifuged at 1600 
rpm for one min. The reactions of RT-PCR were applied in 
Roche Light Cycler 480 instrument using SYBR Green I 
dye. Three biological replicates were performed. The 
expression level in leaf tissue from unstressed control 
plants was selected as calibrator. 
Table 1. List of the specific primers for qRT-PCR and their 
nucleotide sequences. 

No. Gene name Sequence (primer direction 5’-3’)  

1 HSP22  F- GAGGGCGAGAAGGAGGATAG  

  R- CTCGACGTTGACTTGGAACA  

2 HSP16.9 F- GAACGGATAGTAGCGTCCCA  

 

3 

 

ZIP60  

 

R- CAATGCAGGAATACCACCCT 

F- AGGATAGGCCTCTTGGTGCT 

R- TTCCATGGAGGATGAGTTCC 

 

HSP22: Heat Shock Protein 22, HSP16.9: Heat Shock Protein 
16.9, ZIP60: Zipper (ZIP) transcription factor 60, F: Forward, R: 
Reverse. 

3. Results 

Resistance of the four maize inbred lines to high 
temperature correlates with the expression levels of HSP 
markers was detected through two experiments, WB and 
RT-PCR. 

3.1. WB analysis 

A comparative analysis of induction levels of four 
protein markers (HSP70, HSP22, HSP17.9 and HSP17.6) 
by WB was carried out using four various antibodies. 
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3.1.1. Detection of HSP70 in response to HS by BiP 
antibody 

BiP polyclonal antibody was performed in rabbit 
against C-terminal domain of tobacco HSP70. The 
reagents of BiP antibody with the extracted proteins from 
seedling leaves of the inbred lines K1, K7, G342 and Rg59 
are shown in Figure (1). The expression bands of reactions 
were visualized by PAGE analysis. The three lines K1, K7 
and G342 showed bands in the control increased in 
intensity after exposing to HS treatment at 45°C for 2 and 
4 h. An intensive band was present in the control of the 
line Rg59 and decreased with the time of exposing to HS 
treatment. 

Figure 1. WB of the seedling proteins (10µg/lane) extracted from 
control and heat- treated plants of indicated inbred lines probed 
with BiP antibody (dilution 1:1000). C (control) = 25°C, T1 = 
treatment at 45°C for 2 h and T2 = treatment at 45°C for 4 h. M: 
molecular weight (kD). Actin antibody is used as a total protein 
loading control. 

3.1.2. Detection of HSP22 in response to HS by HSP22 
antibody 

HSP22 polyclonal antibody against tobacco mtHSP23 
was used to detect HSP22 in maize inbred lines in 
response to HS (Figure 2). The reaction of HSP22 
antibody with the seedling leaves proteins extracted from 
the lines K1, K7 and G342 did not detect any expression 
band in the control, while the expression level of up-
regulation varied in different lines after exposing to HS 
treatment at 45°C for 2 and 4 h. The line K1 showed a 
faint band at 45°C for 2 h and clear band after exposing to 
45°C for 4 h, while the contrary was found in the line K7. 
The expression increased rapidly in the line G342 after 2 
and 4 h of heat exposure. In contrast in the line Rg59, the 
expression level was high in the control but disappeared 
after treatment at 45°C for 2 h while appeared very faint 
after exposing to 45°C for 4 h. 

 

 

 

 

 

 

Figure 2. WB of the seedling proteins (25µg/lane) extracted from 
the control and heat-treated plants of indicated inbred lines probed 
with HSP22 Antibody (dilution 1:1000). C (control) = 25°C, T1 = 
treatment at 45°C for 2 h and T2 = treatment at 45°C for 4 h. M: 
molecular weight (kD). Actin antibody is used as a total protein 
loading control. 

3.1.3. Detection of HSP17.9 in response to HS by HSP17.9 
Antibody 

HSP17.9 polyclonal antibody against sunflower 
recombinant proteins made in rabbit was utilized in 
detection of HSP17.9 in maize inbred lines in response to 
HS (Figure 3). The reaction of HSP17.9 antibody against 
inbred line K1 proteins did not manifest any expression 
band in the control, while an expression band appeared 
after exposing to HS of 45°C for 2 h and was more 
visibility after 4 h. The expression level was very faint in 
the inbred K7 after exposing to HS, while appeared clearly 
in the line G342 after 4 h of exposure. The expression was 
very faint in the control of the line Rg59 while disappeared 
after heat treatment. 

Figure 3. WB of seedling proteins (25µg/lane) extracted from 
control and heat-treated plants of indicated inbred lines probed 
with HSP17.9 antibody (dilution 1:4000). C (control) = 25°C, T1 
= treatment at 45°C for 2 h and T2 = treatment at 45°C for 4 h. M: 
molecular weight (kD). Actin antibody is used as a total protein 
loading control. 

3.1.4. Detection of HSP17.6 in response to HS by HSP17.6 
antibody 

HSP17.6 polyclonal antibody against sunflower 
recombinant protein made in rabbit was utilized in 
detection of HSP17.6 in maize lines in response to HS 
(Figure 4). The reaction of HSP17.6 antibody with the 
proteins of inbred lines K1 and G342 did not give any 
expression in the control while intensive expression 
appeared after exposing to heat treatment at 45°C for 2 h 
and was more intensity after 4 h. Significant expression 
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was visualized in the lines K7 and Rg59 which increased 
gradually after exposing to heat treatment. 

Figure 4. WB of the seedling proteins (25µg/lane) extracted from 
the control and heat-treated plants of indicated inbred lines probed 
with HSP17.6 antibody (dilution 1:1000). C (control) = 25°C, T1 
= treatment at 45°C for 2 h and T 2 = treatment at 45°C for 4 h. 
M: molecular weight (kD). Actin antibody is used as a total 
protein loading control. 

3.2. RT-PCR analysis 

The expression levels of the three heat-induced gene 
markers ZmHSP22, ZmHSP16.9 and ZIP60 were estimated 
by RT-PCR. The quantitation of plant gene expression 
through RT-PCR method was carried out using the four 
Egyptian maize lines K1, K7, G342 and Rg59, which 
cDNA of the three gene markers and SYBR green reagent 
were used as working model (Figure 5). The primers of 
each gene that were mentioned in Table (1) were designed 
according to the sequences from the GenBank, NCBI, 
USA. All experiments were repeated three replicates to 
confirm the results. 

 
 
 
 
 
 
 
 
 
 
 

Figure 5. Expression analysis of the three gene markers ZmHSP22, ZmHSP16.9 and ZIP60 in response to HS treatments in the four maize 
lines. C: control at 25°C, T1: treatment for 2 h at 45°C and T2: treatment for 4 h at 45°C. The vertical axis represents relative transcript level 
and the horizontal axis represents the maize lines.  

Upregulation of the transcription factor ZIP60 at 45ºC 
after 4 h in the line K1 was almost twice than the control 
(25ºC) and HS treatment at 45ºC after 2 h. HSP16.9 
showed expression level three and four times more than 
the control after exposing to 45ºC for 2 h and 4 h, 
respectively. Meanwhile, HSP22 gave gene expression 
about seven-fold after exposing to 45ºC for 4 h more than 
the control. The transcription factor ZIP60 expressed in the 
inbred line K7 two times after exposing to HS at 45ºC for 
2 h and three times after 4 h as compared to the control. 
The two genes HSP16.9 and HSP22 expressed 
progressively in the line K7 during time reaching a 
maximum expression of four and six times respectively 
after heat exposing to 45ºC for 4 h as compared to the 
control. Regarding the line G342, the transcription factor 
ZIP60 expressed in control plants and increased 
progressively with increasing time of exposing to HS 
treatment. Both of HSP16.9 and HSP22 showed a 
maximum expression after heat treatment at 45ºC for 4 h. 
In contrast, the expression level of the three genes in the 

line Rg59 appeared in the control more than heat 
treatments (Figure 5). 

4. Discussion 

The expression levels of the HSP gene markers 
(ZmHSP70, ZmHSP22, ZmHSP17.9 and ZmHSP17.6) in 
the four maize lines K1, K7, G342 and Rg59 were 
evaluated by WB with four antibodies. The results 
revealed that: 1) The antibodies against HSPs can 
recognize the corresponding endogenous proteins of the 
studied maize lines. 2) HSP expression was absent in the 
untreated plants but induced in the resistant lines K1, K7 
and G342 after exposing to HS treatment. However, the 
majority of the HSP gene markers expressed only in the 
untreated plants of the line Rg59 which it is consider a 
heat sensitive line. 3) There are differences in the 
induction kinetics of HSP gene markers. For example, 
induction of HSP70 was detected after exposing to 45°C 
for 2 h whereas induction of HSP17.6 was more evident 
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after 4 h of HT. Induction of HSP17.6 was more intensity 
in the line K1 than the other lines after exposing to HT. 
The gene expression of HSP22 and HSP70 was more 
intensity in the line G342 than the other lines after 
exposing to HS treatment, while the same result was 
shown for HSP70 in the line K7 comparing to the other 
lines. Higher expression of the four HSP genes that 
appeared by WB analysis in the heat tolerant lines 
indicated that they could play a crucial role in conferring 
heat tolerance. Other researchers revealed similar results 
such as Verhagen and Kompoliti (2010) who found that 
WB is a sensitive immunological method for 
determination of molecular weights of protein antigens and 
detection of antigens in crude mixtures of proteins. De 
Vries (2012) reported that linear epitopes can be detected 
using polyclonal antibodies. 

Expression of the three gene markers ZmHSP22, 
ZmHSP16.9 and ZIP60 in response to HT by RT-PCR 
analysis were clearly induced in the three lines K1, K7 and 
G342 which are considered tolerant lines. The expression 
levels of the three genes in the line Rg59 after exposing to 
HT were less than those of the control indicating 
sensitivity against HT. The results of gene expression 
using RT-PCR correlated with those of WB analysis in 
response of the three resistant maize lines to HT, which 
emphasized that the induced expression of the genes in this 
study protects the plants from the deleterious effects of 
high temperature stress. Therefore, identification of 
specific gene(s) playing essential role in HS tolerance 
could be useful for developing stress resistant genotypes.  

Our results are coincided with those reported by other 
researchers. The rate of HSP synthesis in plants has been 
shown to be directly proportional to the temperature 
applied during the stress (Chen et al., 1990). Our 
experiments showed that the accumulation of HSPs in 
leaves tissues was also proportional to temperature by two 
to seven-fold at 45°C more than at 25°C. Andersen et al. 
(2004) reported that qRT-PCR provides a useful and rapid 
means of understanding gene expression in living 
organisms by measuring the expression of target genes 
across different samples. Zhao et al. (2017) demonstrated 
that ZmHsf04 is expressed in multiple tissues of maize and 
was up-regulated significantly after exposing to 42℃ HS, 
which the highest value reached 340 times of the control.  

Kumar et al. (2019) found five maize specific HSP 
genes; ZmHsp26, ZmHsp60, ZmHsp70, ZmHsp82 and 
ZmHsp101 exhibited distinctive expression pattern in 
response to HS, especially ZmHsp70 showed higher 
upregulation throughout the stress exposure in a heat 
tolerant line as compared to a susceptible line. The role of 
sHSPs in response to environmental stresses has been 
clearly established by several studies. HSPs have been 
implicated in functions related to protein assembly or the 
alteration/maintenance of specific protein conformations 
(Lindquist and Craig, 1988). ZmHSP16.9 gene enhances 
both thermotolerance and oxidative stress resistance 
through the protection of antioxidative enzymes under heat 
stress condition (Sun et al., 2012). Overexpression of 
HSP26 in transgenic Arabidopsis enhanced 
thermotolerance due to increased amount of free proline 
caused by the elevated proline biosynthetic pathway genes 
(Xue et al., 2010). 

5. Conclusions 

The expression analysis of HSP genes was carried out 
by WB and RT-PCR in the four maize inbred lines K1, K7 
and G342 (heat tolerant) and Rg59 (heat susceptible) 
subjected to high temperature stress at seedling stage. The 
HSP genes exhibited distinctive expression pattern as 
response to HS. Higher upregulation of ZmHSP70, 
ZmHSP22, ZmHSP17.9 and ZmHSP17.6 were found 
throughout the stress exposure to 45°C for 2 and 4 h in the 
heat tolerant lines as compared to the control (25°C) and 
susceptible line. Upregulation of these genes indicated 
their possible role in protecting plants from the adverse 
effects of HS. The results indicated that WB and RT-PCR 
are evident and accurate to detect the gene expression in 
plants for HSPs induction under abiotic stresses, especially 
heat stress in maize. 

Acknowledgement 

The authors thank the Spanish Agency for International 
Development Cooperation of Spain for funding this work 
through the research project “11-CAP-2-1151” and for 
laboratory assistance. 

References 

Andersen CL, Jensen JL and Orntoft TF. 2004. Normalization of 
real-time quantitative reverse transcription-PCR data: a model-
based variance estimation approach to identify genes suited for 
normalization, applied to bladder and colon cancer data sets. 
Cancer Res, 64: 5245–5250. 

Bass JJ, Wilkinson DJ, Rankin D, Phillips BE, Szewczyk NJ, 
Smith K and Atherton PJ. 2017. An overview of technical 
considerations for western blotting applications to physiological 
research. Scandinavian J of Med & Sci in Sports, 27: 4-25.  

Berg RJ, Vaessen N, Endtz HP, Schulin T, Vorm ER and Kuijper 
EJ. 2007. Evaluation of real time PCR and conventional 
diagnostic methods for the detection of Clostridium edificial 
associated diarrhea in a prospective multicenter study. J Med 
Microbiol, 56: 36–42.  

Burnette WN. 1981. “Western Blotting”: electrophoretic transfer 
of proteins from sodium dodecyl sulfate-polyacrylamide gels to 
unmodified nitrocellulose and radiographic detection with 
antibody and radio-iodinated protein A. Anal Biochem, 112: 195–
203. 

Chen 0, Lauzon LM, DeRocher AE and Vierling E. 1990. 
Accumulation, stability, and localization of a major chloroplast 
heat-shock protein.  J Cell Biol, 110: 1873-1883. 

Cui F, Liu L, Zhao Q, Zhang Z, Li Q, Lin B, Wu Y, Tang S and 
Xie Q. 2012. Arabidopsis ubiquitin conjugate UBC32 is an ERAD 
component that functions in brassinosteroid-mediated salt stress 
tolerance. Plant Cell, 24: 233–244. 

DeVries E. 2012. Patient‐centered screening for primary 
immunodeficiency, a multi‐stage diagnostic protocol designed for 
non‐immunologists. Clinical & Experimental Immunol, 167: 108-
119. 

Hendrick JP and Hartl FU. 1993. Molecular chaperone functions 
of heat-shock proteins. Annu Rev Biochem, 62: 349–384. 

Kumar K, Singh I, Aggarwal C, Tewari I, Kumar A, Yadava P 
and Rakshit S. 2019. Expression profiling of heat shock protein 
genes in two contrasting maize inbred lines. Int J Curr Microbiol 
App Sci, 8: 347-358. 



 © 2021  Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4 676 

Lenne C and Douce R. 1994. A low molecular mass heat-shock 
protein is localized to higher plant mitochondria. Plant Physiol, 
105: 1255-1261. 

Lenne C, Block MA, Garin J and Douce R. 1995. Sequence and 
expression of the mRNA encoding HSP22, the mitochondrial 
small heat-shock protein in pea leaves. Biochem J, 311: 805-813. 

Li D, Wang L, Liu X, Cui D, Chen T, Zhang H and Zhao L. 2011. 
Deep sequencing of maize small RNAs reveals a diverse set of 
micro-RNA in dry and imbibed seeds. PloS One, 8: e55107. 

Li HC, Zhang HN, Li GL, Liu ZH, Zhang YM, Zhang HM and 
Guo XL. 2015. Expression of maize heat shock transcription 
factor gene ZmHsf06 enhances the thermotolerance and drought-
stress tolerance of transgenic Arabidopsis. Functional Plant Biol, 
42: 1080-1091.  

Lilly ST, Drummond RSM, Pearson MN and MacDiarmid RM. 
2011. Identification and validation of reference genes for 
normalization of transcripts from virus-infected Arabidopsis 
thaliana. Mol Plant Microbe Interact, 24: 294–304. 

Lin Y, Zhang C, Lan H, Gao S, Liu H, Liu J, Cao M, Pan G, Rong 
T and Zhang S. 2014. Validation of potential reference genes for 
qPCR in maize across abiotic stresses, hormone treatments, and 
tissue types. PLoS One, 9: e95445. 

Lindquist S and Craig E. 1988. The heat shock proteins. Annu 
Rev Genet, 22: 631-677. 

Lund AA, Blum PH, Bhattramakki D and Elthon TE. 1998. Heat-
stress response of maize mitochondria. Plant Physiol, 116: 1097-
1110. 

Mahmoud FE, Rashed MA, Khalil KM and Abou-Deif MH. 2018. 
Identification and characterization of heat shock proteins in four 
Egyptian maize inbred lines (Zea mays L.). Arab Universities J of 
Agric Sci, 26: 1203-1211.   

Okegawa Y, Koshino M, Okushima T and Motohashi K. 2016. 
Application of preparative disk gel electrophoresis for antigen 
purification from inclusion bodies. Protein Expression and 
Purification, 118: 77-82. 

Sachs MM and Ho THD. 1986. Alteration of gene expression 
during environmental stress in plants. Annu Rev Plant Physiol, 37: 
363–376. 

Schröder H, Langer T, Hartl FU and Bukau B. 1993. DnaK, DnaJ 
and GrpE form a cellular chaperone machinery capable of 
repairing heat-induced protein damage. EMBO J, 12: 4137–4144. 

Song J, Weng Q, Ma H, Yuan J, Wang L and Liu Y. 2016. 
Cloning and expression analysis of the Hsp70 gene ZmERD2 in 
Zea mays. Biotechnol & Biotechnological Equipment, 30: 219-
226.   

Sun L, Liu Y, Kong X, Zhang D, Pan J, Zhou Y et al. 2012. 
ZmHSP16.9, a cytosolic class I small heat shock protein in maize 
(Zea mays), confers heat tolerance in transgenic tobacco. Plant 
Cell Rep, 31:1473–1484. 

Towbin H, Staehelin T and Gordon J. 1979. Electrophoretic 
transfer of proteins from polyacrylamide gels to nitrocellulose 
sheets: procedure and some applications. Proc Natl Acad Sci, 76: 
4350-4354. 

Verhagen L and Kompoliti K. 2010. Encyclopedia of Movement 
Disorders. Academic Press. 
https://www.worldcat.org/title/encyclopedia-of-movement-
disorders/oclc/614267004. 

Wong ML and Medrano JF. 2005. Real-time PCR for mRNA 
quantitation. BioTechniques, 39: 75-85.  

Xue Y, Xiong A, Li X, Zha D and Yao Q. 2010. Over-expression 
of heat shock protein gene hsp26 in Arabidopsis thaliana 
enhances heat tolerance. Biol Plantarum, 54:105–111. 

Zhang X, Rerksiri W, Liu A, Zhou X, Xiong H, Xiang J, Chen X 
and Xiong X. 2013. Transcriptome profile reveals heat response 
mechanism at molecular and metabolic levels in rice flag leaf. 
Gene, 530: 185–192.  

Zhao L, Zhang H, Duan S, Guo X and Li G. 2017. Cloning and 
characterization of maize (Zea mays) ZmHsf04 gene and its 
regulating role in thermotolerance. J of Agric Biotechnol, 25: 
1411-1422.

 

 
 

https://www.sciencedirect.com/science/article/pii/S1046592815300875#!
https://www.sciencedirect.com/science/article/pii/S1046592815300875#!
https://www.sciencedirect.com/science/article/pii/S1046592815300875#!
https://www.sciencedirect.com/science/article/pii/S1046592815300875#!


JJBS  
Volume 14, Number 4,December  2021 

ISSN 1995-6673 
Pages  677 – 685 

 
Jordan Journal of Biological Sciences                                                                                                                                                  

Isolation of the Astacin-like metalloprotease coding gene (astl) 
and assessment of its insecticidal activity towards Spodoptera 

littoralis and Sitophilus oryzae  
Mervat R. Diab1,*,  Mahmoud M. Ahmed2 , Ebtissam H.A. Hussein 3 and Ahmed M. 

A. Mohammed1 
1Agriculture Genetic Engineering research Institute, Agriculture Research Center, 9 Gamaa St., Giza, Egypt; 2Department of Zoology and 
Agricultural Nematology, Faculty of Agriculture, Cairo University, Giza, Egypt; 3Department of Genetics, Faculty of Agriculture, Cairo 

University, Giza, Egypt. 

Received: May 25, 2020; Revised: September 26, 2020; Accepted: Oct 26, 2020 

Abstract 

Astacin-like metalloprotease,possessing a zinc (II) ion in the catalytic center is one of the toxic proteases. It exists in a 
variety of organisms, including fish, frogs, birds and insects.  The present investigation was conducted with the main goal of 
assessing the efficacy of astacin like metalloprotease toxin  for pest control and to determine the probability of using it to 
produce a new biopesticide that is friendly to the environment. Therefore, the full length of astl cDNA was cloned from 
spider species, Hasarius adansoni. Sequencing of the cloned astl cDNA has proved that its full length includes 802 bp with 
714bp open reading frame encoding 238 amino acids. 486bp of the catalytic domain was cloned and expressed by the yeast 
expression system Pichia pastoris, and its insecticidal activity was determined towards two species of agricultural insects 
from two different orders, Spodoptera littoralis (Lepidoptera:Noctuidae) and Sitophilus oryzae (Coleoptera:Curculionidae). 
Bioassay was performed using three concentrations (100,500 and 1000 μg/ml) for four days for S. littoralis and 14 days for 
S. oryzae. At the concentration 1000 μg/ml,  the  mortality ratio  was 69.3%±2.51, 65%±2.6 and 64.0%±3.0 for first instar S. 
littoralis, second instar S. littoralis and S. oryzae adults respectively. Finally, the present study represents an evidence that 
the use of zinc metalloproteases derived from different spiders may play an effective role in insect control.  

Keywords: Metalloprotease,  Spodoptera littoralis, Sitophilus oryzae
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1. Introduction 

Spider venoms are a cocktail of several different 
peptide toxins, most of which are likely to have 
insecticidal activity towards different insect orders (King 
et al. 2002, Escoubas et al., 2006 and Windley et al., 
2012). Many of the insecticidal peptide toxins have been 
isolated from spider venoms, and their activity has been 
examined. Some of spider toxins showed no adverse 
effects on economically important insects such as Hv1a 
that is harmless to the pollinating insect honey bee 
(Nakasu et al. 2014). Zinc metalloproteases (enhancins) 
expressed by some baculoviruses improve the baculoviral 
infection into the insect larvae by increasing the 
permeability of peritrophic matrix (PM) through digestion 
of the PM proteins (Derksen and  Granados 1988; Wang et 
al. 1994 and Lepore et al., 1996). Therefore, zinc 
metalloproteases can be exploited in insect control field 
outside the baculoviruses context (Harrison and Bonning 
2010). Astacin-like metalloprotease proteins are secreted 
as zymogens as low molcular mass proteases that are 
activated by the cleavage of the prosegment from the 
catalytic domain (Yiallouros et al. 2002 and Guevara et al. 
2010). Stöcker et al. (1988) stated that  astacin family 
consisted  of six genes (bmp1, tll1, tll2, mep1a, mep1b and 

astl). Astacin (astl) is a multi-domain metalloprotease that 
is distinguished by the presence of zinc binding motif 
(HEXXHXXGXXH) and methionine-turn (MXY) (Gomis-
Rüth  et al. 2012). The astl gene is expressed as the 
hatching enzyme in the oocyte and in the developing 
embryo (Gomis-Rüth et al. 2012).  The hatching enzyme is 
responsible for degradation of  embryonic envelopes  in 
crustaceans, fish, frogs, and birds (Gomis-Rüth et al. 
2012). It is also known as ovastacin in mammals (Quesada 
et al. 2004) and plays a role in egg-sperm interactions 
(Sachdev et al. 2012). 

The agricultural and horticultural pest insects cause 
40% loss of the crop yield worldwide, estimated by 17.7 
billion dollars annually (Oerke et al. 1994 and Oliveira et 
al. 2014). Spodoptera littoralis and Sitophilus oryzae are 
two of the most dangerous agricultural insect pests that are 
able to cause a lot of harms to various important  crops as 
cotton, maize, tomatoes and stored grains  (Madrid et al. 
1990 and Salama et al. 1970 ). These agriculture pests are 
controlled by different methods such as chemical 
insecticides which are extensively used in Egypt (Mansour 
2004). Therefore, resistant strains of insect pests have 
appeared in the field (Sawicki 1986). An alternative 
control method used in the control strategy is biological 
agents such as natural enemies, nuclear polyhedrosis virus 
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( Jones et al. 1994 and Atia et al. 2016 ), Bacillus 
thuringiensis and its derivatives (Navon et al. 1983 and 
Moussa et al. 2016) and fumigant toxicity of some plants 
as Uvaria afzelli (Olufemi-Salami et al. 2018). However, 
S. littoralis and S. oryzae developed resistance to  
biological control agents (Salama et al. 1989). New 
biopesticides are always required to be involved in control 
strategy. Many spider venoms toxins were exploited as 
bioinsecticides against various insect pests such as ɷ-
hexatoxin, OAIP-1, brachyin and knottins (Fitches et al. 
2012, Hardy et al. 2013, Pyati et al. 2014,  Zhong et al. 
2014 and Matsubara et al. 2017). 

In this article, the astacin like metalloprotease coding 
gene (astl) has been isolated from spider Hasarius 
adansoni, expressed in yeast and the toxicity of the astl 
protein  was demonstrated towards S. littoralis and S. 
oryzae. 

2. Material and methods 

2.1. Spider collection 

The spider samples were collected from human houses 
in Cairo, Egypt. The spider species used in the current 
study was identified as Hasarius adansoni using the DNA 
barcode technology by amplification of 889 bp of ribosaml 
RNA (rRNA) gene large subunit and 705bp of the 5'-end of 
mitochondrial cytochrome c oxidase subunit 1(COI) gene. 
The fragments of rRNA and COI were amplified using 
specific primer sets Sp28SN/Sp28SC (Starrett and Hedin, 
2007), and SP-LCO 1490FJJ/SP-HCO2198RJJ (Astrin et 
al., 2016), respectively. The spider species has been 
confirmed by the complete homology of the two fragments 
with H. adansoni using “BLASTN” NCBI-BLAST 
alignments tool. The cephalothorax region was dissected in 
paraffin wax plate and isolated from the rest of the body.  

2.2. Total RNA extraction 

The total RNA was extracted from the cephalothorax 
region of the spider by Trizole® reagent (Invitrogen, USA, 
Cat.#15596-026). First strand cDNA was synthesized 
using SuperScriptTMII reverse transcriptase (Invitrogen 
Cat.# 18064014) according to the manufacturer's 
instructions. 

2.3. Cloning of astl cDNA 

A set of degenerate primers astlFD: 
CARTTCTCGGAGGTATTGAAGCWGG  and 
astlRD:AATRAAAGGAAGCKAGCAGAA  was 
designed to amplify a part of the nucleotides sequence of 
the astacin like metalloprotease cDNA using the first 
strand cDNA as a template. The 5' and 3' ends were 
amplified using First Choice ® RLM-RACE kit (Ambion, 
Austin, TX, USA). According to the kit instructions, two 
reverse primers,  astlR1: CCGTCGAAGATGGAGCCGA 
and astlR2: CCTTGGGGATGTAGATGGACT, were  
used to amplify the 5' end. In a similar way, the 3' end was 
amplified using two forward primers;astlF1: 
TTCCCCTCCATCAACTGGCTC and astlF2: 
TTGCCTGTACGCAGCACTGGG TC.  

2.4. Sequences and phylogenetic analysis 

The alignment of astl cDNA sequence was  performed 
using the “BLASTN” and “BLASTX” tools. The ExPASy 
translate tool (http://web.expasy.org/translate/) was 

utilized to deduce the amino acid sequences of astl cDNA 
clones. The phylogenetic tree was carried out by aligning 
astl amino acid sequence and other spiders and a scorpion 
sequences using the phylogeny.fr software 

(http://www.phylogeny.fr/index.cgi). Molecular weight 
and isoelectric point  were  predicted by ExPASy 
Proteomics website (http://web.expasy.org/cgi 
bin/compute_pi/pi_tool). The motifs were determined  
using PROSITE database (http://prosite.expasy.org). The 
glycosylation sites were scanned by NetNGLyc 1.0 
software (http://www.cbs.dtu.dk/services/NetNGlyc/) and 
YinOYang program 
(http://www.cbs.dtu.dk/services/YinOYang/).  

2.5. Cloning of astl, GNA catalytic regions and astl/GNA 
fused fragment into the yeast expression vector pPICZαA 

The cloning strategy of astl catalytic domain  in the 
expression vector pPICZαA was performed through the 
digestion by restriction enzymes EcoR1 and Xba1 then the 
ligation by T4 DNA ligase. The grown colonies were 
screened to select the positive clones.  

2.6. Transformation of  pPICZαA-astl, pPICZαA-GNA 
and  pPICZαA-astl/GNA into yeast "Pichia pastoris" , 
KM71H strain. 

pPICZαA-astl  (3-5μg) was digested using SacI 
followed by purification and transformation into yeast 
cells, Pichia pastoris yeast competent cell strain 
“KM71H”. The transformed cells   were incubated at 28°C 
for 2-3 days on YPDS medium plates containing100mg/ml  
Zeocin. Then, the colonies were numbered and transferred 
to YPD plates containing100mg/ml  Zeocin, and incubated 
for two more days and allowed to grow.  

A number of grown yeast colonies were dissolved in 
20mM NaOH then boiled for 45 min at 95°C. After 
centrifugation,  2μl supernatant was used as a template. 
The putative positive clones were identified using PCR 
screening. 

2.7. Expression of Ha-astl  protein 

The secreted protein of pPICZαA-Ha-astl was collected 
through the induction of a single colony of KM71H 
harboring pPICZαA-Ha-astl by methanol for four days. 
The expression analysis was conducted on secreted 
proteins in the supernatant. SDS–PAGE, Western blot 
analysis and ELISA test were used to analyze the 
expressed proteins as explained in Salem et al. 2019. 

The concentration of protein was determined at protein 
A280 using Nanodrop 2000/2000C spectrophotometer, 
(ThermoScientific, USA). 

2.8. Insect cultures  
The S. littoralis colony was reared in the insectory of 

the Agriculture Genetic Engineering Research Institute 
(AGERI), Agricultural Research Center (ARC) under 
standard conditions. The larvae were reared on cleaned 
castor (Ricinus communis)  leaves at 25±2ºC and 16 h /8 h 
light-dark period .  

S.oryzae was kindly supplied by the Plant Protection 
Research Institute (PPRI), ARC. The adults of the same 
age were reared on wheat seeds in glass jars under 
standard conditions and then used to assess the insecticidal 
activity. 
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2.9. Bioassay 

The insecticidal activity of astl was assessed by feeding 
the S. littoralis larvae and the S. oryzae adults on three 
different concentrations (100, 500 and 1000 μg/ml) of the   
protein. The castor leaves were immersed in solution 
containing the assayed amount of protein with agitation for 
half an hour. The leaves were then picked up from the 
expressed culture supernatant and allowed to air dry. 
Twenty five  and twenty of  first and second stadium of S. 
littoralis larvae, respectively, were added to treated castor 
leaves which were replaced daily with fresh treated leaves 
for four days. Each treatment was repeated three times. 
The larval mortality was recorded daily during experiment 
period. The sensitivity of S.oryzae adults to astl was 
assayed for 14 days period. Ten g of wheat seeds were 
immersed in protein solution for 30 minutes. The treated 
wheat seeds were then filtered and allowed to dry. Twenty-
five adults were added to each 10 g of treated wheat seeds 
in glass jar with three replicas for each concentration. The 
jars were incubated at 27°C for 16h/8h light/dark period. 
The adult mortalities were recorded on day 14. For all 
bioassays, both larvae and adults were treated with the 
control "expressed culture supernatant of native pPICZαA"  

2.10. Statistical analysis 

 the significance of  mortality results was  calculated by 
Student’s t-test in the Excel program using the calculations 
(Total, Percentage and STDEV) of the three replicates for 
each experiment . 

3. Results 

3.1. Amplification of the full length of Ha-astl cDNA 
sequence 

The first strand cDNA of the H. adansoni 
cephalothorax, was used as a template  to amplify Astacin-
like metalloprotease coding gene (astl). One degenerate 

primer set was designed for astacin-like metalloprotease 
coding gene (astl) from the conserved regions of the same 
gene in the spider Latrodectus hesperus and the scorpion 
Tityus serrulatus. A 119 bp fragment was firstly amplified 
using the degenerate primers. The  5’ and 3’ ends were 
amplified using two PCR rounds of RACE based on the 
sequence of the first amplified fragments; it was deduced 
that the full length of  astacin like metalloprotease   of H. 
adansoni  (Ha-astl) cDNA is 802 nucleotides (accession 
no. MN453831). The open reading frame consists of 714 
nts which encodes   238 amino acids and with catalytic 
domain between N46 and C238. The calculated molecular 
weight of encoded protein is 27.33 kDa with an isoelectric 
point (pI) of 8.29. The analysis of Ha-astl protein reveals 
the presence of two disulfide bridges between cysteine 
residues at positions 87-238 and 108-128. In additions, 
three zinc binding sites at histidine residues were found at 
positions 136,140 and 146 using the site 
(http://prosite.expasy.org). Also, a putative N-
glycosylation site was predicted at aa 149, and 0-β-
glycosylation sites were predicted at T56, S70 and T94 
(Fig 1a). 

The deduced amino acid sequence was aligned using 
the BLASTp tool in the NCBI website. The covered score 
was 88-99%, and the identity ranged between 74-84% in 
spiders such as Trichonephila clavipes, Latrodectus 
hesperus, Stegodyp husmimosarum , Parasteatodate 
pidariorum  and scorpion as Tityus serrulatus with 
accession no. PRD25795.1, ADV40108.1, KFM63176.1, 
XP_015909675.1 and CDJ26716.1, respectively. The 
alignment results of the deduced amino acids sequence 
with other published astacin like metalloprotease toxin are 
shown in Fig (1b). The phylogenetic tree performed by the 
phylogeny.fr software is shown in Fig (1c). These results 
demonstrated that the Ha-astl aa sequence is closely 
related to that of  the spider T. clavipes  and the scorpion 
T. serrulatus. 
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Figure 1. (a) Nucleotides and deduced amino acid sequence of Hasarius adansoni Astacin-like metalloprotease. The brackets mark to the 
active domain that start with asparagine N46 and ended at C238. The zinc motif is grey highlighted containing the three metal sites (Zinc) ( 
H: 136,140 and 146) highlighted by dark grey. The astacin hallmark (E 137) is underlined The methionine (MXY) turn is highlighted by 
grey. The first disulphide bridge is between the two squares (C:87 and C: 238). The second disulphide bridge is between the two ovals 
(C:108 and C: 128). Amino acid that predicted to be N-glycosylated was underlined (N: 149). Predicted 0-β-glycosylation sites are noted by 
arrows (T:56, S70 and T:94). The stop codon is referred by asterisk. U(b)U amino acid alignment of the astacin like metalloprotease toxin in 
Hasarius adansoni (H.a.) (MN453831) with other spiders Stegodyphus mimosarum (S.t.), Trichonephila clavipes (T.c.) (PRD25795.1), 
Latrodectus hesperus (L.h.)( ADV40108.1) and Parasteatoda tepidariorum (P.t)( XP_015909675.1) and a scorpion Tityus serrulatus (T.s.)( 
CDJ26725.1). The identical aminoacids and the conservative substitution are highlighted in dark and light grey respectively. The rectangles 
(R) marked the regions containing the conserved aspartic residue "D" within the prosegment (R1), the activation site containing the first 
amino acid in the mature protein asparagines"N" (R2) ,the four conserved cysteine residue (R3,R4,R5 and R9), astacin signature sequence 
containing the hallmark glutamate"E" (R6), the methionine turn (R7) and the segment mainly engaged in shaping of subsite SR1R (R8) 
respectively. The black arrow referred to the cleavage point between the prosegment and the catalytic segment. U(c)U Phylogenetic analysis of 
amino acids of Hasarius adansoni (H.a.)Astacin-like metalloprotease (astl) toxin (referred by black arrow) with other correspondings in 
other spiders Folsomia candida (F.c.), Stegodyphus mimosarum (S.t.), Latrodectus hesperus (L.h.), Parasteatoda tepidariorum (P.t).,  
Trichonephila clavipes (T.c.), Araneus ventricosus (A.v.) and Loxosceles intermedia (L.i.) and scorpions Tityus serrulatus (T.s.). , 
Centruroides sculpturatus (Cs.). 

3.2. Expression of pPICZαA-Ha-astl into yeast "Pichia 
pastoris" "KM71H strain" 

Expressing target protein, pPICZαA-Ha-astl bound to 
His tag, was transformed into the yeast P. pastoris 
“KM71H” competent cells. The cell cultures were induced 
by methanol to express pPICZαA-- Ha-astl protein. The 
expressed protein was demonstrated on SDS-PAGE gel. 

Expressed Ha-astl showed faint band on the SDS-PAGE at 
expected molecular mass (Fig. 2a); the extracellular 
expressed colonies  were detected by Western blot analysis 
(Fig. 2b)  in addition to the sandwich ELISA test  that 
detect the expressed proteins targeted His Tag with His-
specific antibody with different reading values at OD 450 
(Fig 2c). 
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Figure 2. (a) Extracellularly expressing colonies (pPICZαA-Ha-astl). The black arrow refers to the positive clone that revealed the expected 
expression. KM: empty KM71H strain and CS: secretion control  afforded by invitrogen. M. prestained protein molecular weight marker 
(Thermoscientific, Cat no. 26612) (b) Western blot analysis for the expressed yeast colonies containing the recombinant vectors pPICZαA-
Ha-astl (c) Sandwich ELISA test showing the average values of negative control, positive control,  pPICZαA-Ha-astl , at OD 450. 

3.3. The insecticidal impact of Astacin-like 
metalloprotease (Ha-astl), protein on S. littoralis 

The toxic efficacy of Ha-astl was evaluated on the first 
and second instars of S.littoralis larvae per os using three 
different concentrations, i.e. 100, 500, 1000 μg/ml of the 
protein. The oral activity was performed on treated castor 
leaves which were replaced daily for four days. While the 
control larvae were fed on treated castor leaves with the 
supernatant of expressed native pPICZαA  for the same 
period. The mortality was counted daily throughout the 
experiment period. The larval mortality ratio showed daily 
increment during the four-day experiment. For the first 
instar of the S.littoralis, the mortality percentages were 
42.6%±2.5, 46.6%±3.05 and  69.3%±2.51 for the three 
concentrations, i.e. 100, 500, 1000 μg/ml of the protein, 
respectively. While for the second instar of S.littoralis the 
mortality percentages became 25%±1.0, 58.3%±2.0 and 
65%±2.6  for the same three concentrations , respectively. 
The statistical analysis of the mortality ratio showed 
significant (b) and highly significant (c) effects of the Ha-
astl protein against control larvae at (p>0.05) and (p>0.01) 
respectively.  

Larval mortality of S. littoralis and their significance 
are shown in Fig. (3a) and (3b).  

The results of the feeding experiment also 
demonstrated that the larvae survived in the different 
treatments showed a significant retardation in their growth 
(Fig 4a). Some of them retarded to pupate, failed to pupate 

or developed to malformed pupae compared to the control 
(Fig 4b). After a recovery period when larvae were 
transferred onto untreated castor leaves and allowed to 
grow for 10 to 15 days, the larvae did not restore normal 
weight. The difference of consumed castor leaves by 
control and treated larvae was clearly notable as shown in 
Fig (4c). The average larval weight of the control and 
treated larvae was 0.05 and 0.013g after 10 days and 0.08 
and 0.0085 g after 15 days, respectively. 

 
Figure 3. The mortality ratio of the first instar (a) and  for the 
second instar (b) of Spodoptera littoralis  after 96 hours using 
three concentrations (100, 500, 1000 μg/ml) of Ha-astl  protein 
comparing with the control (expressed native pPICZαA  protein). 
Error bars illustrate ±SE. Within the same protein concentration 
different letters indicate significantly (b) at P < 0.05. and highly 
significant (c) at P>0.01. 
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Figure  4. (a) Retardation in growth for the treated larvae using  Ha-astl protein (T) against the control (C) in the same age. (b) The 
development of treated larvae (T) to retarded to pupate (1), failed to pupate (2) or malformed pupae (3 and 4) compared to the control (C). 
(c) The fed castor leaves by the control (C) and the treated larvae (T). 

3.4. The insecticidal activity of Astacin-like 
metalloprotease (Ha-astl) protein on S.oryzae 

The toxicity of the astacin-like metalloprotease was 
evaluated on the adult of S. oryzae by per os alongside the 
control (native expressed pPICZαA). Three concentrations 
were used, i.e.: 100, 500, 1000 μg/ml of the protein with 
three replicates each and 25 adults per replica. The adult 
mortality was recorded two weeks post-treatment. The 
mortality ratio for Ha-astl protein was 46.6%±0.577, 
48%±1.7 and 64%±3 for the three concentrations 100, 500, 
1000 μg/ml, respectively. The statistical analysis showed 
that the mortality ratio was highly significant (c) at 
(p>0.01) for all the concentrations of the Ha-astl  protein. 
(Fig 5). 

 
Figure 5. The mortality  ratio of the adults  of Sitophilus oryzae 
after fourteen days using three concentrations (100, 500, 1000 
μg/ml) of Ha-astl protein comparing with the control (expressed 
native pPICZαA  protein). Error bars illustrate ±SE. Within the 
same protein concentration different letters indicate highly 
significant (c) at P>0.01. 

 

4. Discussion 

Bioinsecticides are  exploited as potential alternatives 
to  pesticides. The sources of biopesticides are natural 
organisms, or their metabolic products including 
insecticidal toxins derived from parasitoids  and insect 
predators as spiders  and (Hajek 2004, Chandler et al. 
2011, Lacey et al.2015, Silva et al. 2018 and King 2019). 
This study  examined the susceptibility of agricultural 
insect pests, S. lettoralis and S. oryzae, (belonging to two 
insect orders lepidoptera and coleoptera towards expressed 
metallopeptidase peptide, astacin, derived from the 
Adanson’s house jumper spider, H. adansoni. The Ha-astl 
sequence was identified in the total RNA content of H. 
adansoni spider venom. The presence of metalloproteases 
as components of spider venom was previously detected in 
Loxosceles spider species (Feitosa et al. 1998, Young and 
Pincus 2001, Da Silveira et al. 2002 and 2007, Zanetti 
2002 and Barbaro et al. 2005). Moreover, nine possible 
isoforms of astacin-like metalloproteases were identified 
from the Peruvian, L. laeta venom (Medina-Santos et al., 
2019). Presence of metalloproteases in the spider venom 
provides evidence of its significant biological activity and 
its conserved feature in the venom of spider species (Da 
Silveira et al., 2002; Zanetti, 2002 and Barbaro et al., 
2005).  

The full length of Ha-astl cDNA sequence is a total of 
802 nucleotides encoding 238 amino acids peptide. Ha-astl 
protein shows the same general features of 
metalloproteases family members (Dumermuth et al. 1991; 
Bond and Beynon 1995 and Mohrlen et al. 2004). Ha-astl 
primary structure includes a prosegment region (M1:R45), 
a catalytic domain (N46:C238 ) and a conserved 
methionine- turn MXY (Met192 and Tyr194). The 
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catalytic domain contains the consensus signature 
sequence responsible for binding of the catalytic zinc ion, 
HEXXHXXGXXHE (His136 and Glu147). 
Approximately 90% of spider-venom toxins possess 
between one to seven disulfide bridges,  however, about 
60% of spider toxins have three bridges only (Windley et 
al. 2012). Two disulfide bridges are potentially present in 
Ha-astl between Cys108-Cys128 and Cys87-Cys238. The 
calculated molecular mass and pI of the deduced amino 
acid  of Hasarius adansoni (27.3 kDa/8.29) are closely 
related  to other astacin-like metalloproteases in spiders, 
Trichonephila clavipes ( 27.3 kDa /8.97 ) , Latrodectus 
hesperus (27.1 kDa /8.81) and a scorpion Tityus serrulatus 
( 27.3 kDa /8.9).  

The biological significance of native astacin-like 
venom toxin is not clearly known. However, the toxin is 
assumed to play a role in the predation of the insect prey as 
well as a defensive role against predators (Da Silveira et 
al. 2007). The metalloproteases proteases facilitate the 
diffusion of other venom toxins through prey bodies by 
increasing the permeability of prey tissues, and then act in 
complement with other active toxins (Da Silveira et al. 
2007).  

 Astacin may play role, in synergism with other venom 
toxins, in the deleterious effects of the prey after 
envenomation (Futrell 1992) as well as in the activation of 
peptide derived toxins after proteolysis. However, the 
toxic efficacy of solely astacin-like metalloprotease on 
insects is questionable. Could these proteases present the 
venom cocktail be used in insect control? To answer this 
question, the insecticidal activity of Ha-astl was assayed 
per os on cotton leaf worm and rice weevil. The N-
terminal pro-segments of astacin-like metalloproteases 
inhibit the catalytic zinc domain and its removal is 
necessary  to uncover a deep active-site cleft that contains 
aspartate residues in the specificity pocket (Gomis-Rüth et 
al. 2012). Hence, the catalytic region was used for 
expression as active astl. To maintain functional 
configuration of the expressed recombinant protein, an 
expression system   performs post translation 
modifications was required. Thus, Pichia pastoris was 
used to express Ha-astl  and secrete the recombinant 
protein into culture supernatant. The expressed 
recombinant proteins were exploited for sensitivity assays. 
A moderate toxic effect (mortality) of Ha-astl was 
demonstrated in both insect species. 1000 μg/ml of astacin 
peptide causes 69.3%±2.51  and 65%±2.64  for first and 
second instars of Spodoptera larvae, respectively. On the 
other hand, 64% ±3 %  of S. oryzae adults were killed by 
the same concentration of Ha-astl protein..  The  similar 
level of lethality was demonstrated by spider neurotoxins 
on pest species. The insect-selective neurotoxin μ-
agatoxin-Aa1 from the venom of the Western grass spider, 
Agelenopsis aperta, cause convulsive paralysis in insects 
and show variable toxicity  against different insect orders. 
It is very potent to dipterans, moderate  to orthopterans, 
while it shows weak activity  towards lepidopterans 
(Adams et al. 1989). The ω-Hexatoxin-Hv1a toxins from 
the venom of Australian funnel-web spiders have low 
ED50 values in Orthoptera, Hemiptera, Dictyoptera, 
Diptera, Coleoptera, Acarina and Lepidoptera (Atkinson et 
al. 1996, Fletcher et al. 1997 and Bloomquist 2003). 
However, proper manipulation of these toxins revealed the 
prospect use of spider toxins in insect pest control. The 

transgenic tobacco expressing ω-HXTX-Hv1a shows 
tolerance levels against Helicoverpa armigera and S. 
littoralis larvae (Khan et al. 2006). The topical application 
of recombinant thioredoxin-ω-HXTX-Hv1a has also been 
shown to be lethal to these caterpillar species (Khan et al. 
2006). 

5. Conclusion 

The mortality resulting from the feeding of the astl  
protein in Spodoptera littoralis  and in Sitophilus oryzae , 
Also, the  retardation in growth of the larvae in Spodoptera 
littoralis  proved that the astl protein may play an effective 
role in insect control as oral bioinsecticides. The actual 
effect of the astl protein will appear when it is used under 
different field conditions, and this will determine whether 
it can be used lonely in insect control or maybe introduced 
as a new biopesticide agent in the integrated pest 
management programs. Finally, the using of astl protein  is 
considerd the starting point for the exploiting  zinc 
metalloproteases derived from different spiders in  insect 
control fields, particularly in the view of the decreasing 
numbers of bioinsecticides  available for use.   
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Abstract  

The striped spiny eel, Mastacembalus pancalus is one of the common food fish in Bangladesh, but lacking study on 
embryonic development of the fish. The present study describes the embryonic progress stages of the fish in the confined 
state. The embryogenesis is divided into seven major phases: Zygote phase, Cleavage phase, Morula phase, Blastula phase, 
Gastrula phase, Organogenesis phase and Hatching phase. According to distinct development characteristics, the further sub-
stages were also developed whenever possible. Fertilized eggs were sticky, colorless, and demersal with identical 
perivitelline space. The thickness of the unfertilized eggs ranged from 0.55-0.58 mm, which increased to 0.62-0.71 mm in 
fertilized eggs. The perivitelline space development happened at 0.35 h after fertilization (AF). The first cleavage groove 
occurred at the animal pole (two cells) 0.55 h AF. The added cell division such as four cells, eight cells, sixteen cells, thirty-
two cells, and multi cells stages was initiated at 1.25, 1.45, 2.15, 2.50, and 4.40 h AF respectively. The morula, blastula, 
gastrula, yolk plug stage, and organogenesis stages were seen at 8.25, 11.30, 17.15-23.50, 29.20, and 34.15-35.30 h AF 
respectively. The initial heartbeat was observed at 34.00 h AF. The head and tail ends of the embryo were distinguished at 
35.00 h AF. The notochord was also evident at the same hours. The embryo started to hatch at 36.00 h AF which 
accomplished 39.00 h at 29.11 ± 0.29 °C. The new hatchling was 1.65 ± 0.15 mm in average length. The present findings 
will serve as baseline information to develop the breeding protocol of the species in the hatchery condition. 

Keywords: Embryogenesis, cleavage, organogenesis, hatching 
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1. Introduction  

The Guchibaim (Mastacembelus pancalus) is one of 
the regular food fish found in Asian countries, namely in 
India, Pakistan, Bangladesh, and Nepal (Talwar and 
Jhingran, 1991; Froese and Pauly, 2006) and recognized as 
a striped spiny eel. The species is a common and 
demandable food fish in Bangladesh and is locally known 
as ‘guchi baim.’  

In the past, the fish was available in estuaries and 
freshwater habitats throughout Bangladesh (Ali, 1967). 
With the destruction of natural habitat including 
overexploitation, the fish has diminished abruptly from 
wildlife (Afroz et al., 2014). Besides drying up of 
downcast land and using pesticides, the ordinary 
production lands of this fish are in threat (Rahman et al., 
2009). Besides these, the fish is collected only from nature 
that exaggerates the natural reduction of the fish. 

The fish is critically endangered in Bangladesh 
(FISHWISE, 2013) but has not been shown in the red list 
of IUCN (Anonymous, 2006). It is needed for the 
management of natural habitat or to introduce artificial 
propagation as well as culture. Thus, it is essential to 
realize the embryonic development stages of the fish to set 
up a non-natural propagation in a confined condition, it’s 
stocking at mass scale for its expansion and conservation.   

Study on biology and breeding has been done on 
different eel fishes such as on Mastacembelus pancalus 
(Hasan et al., 2016; Karim and Hossain, 1972); M. 
armatus (Serajuddin and Mustafa, 1994); Macrognathus 
aculeatus (Das and Kalita, 2003); M. pancalus (Suresh et 
al., 2006). The development of egg and/or larvae on eel 
fishes like M. pancalus (Rahman et al., 2009; Afroz et al., 
2014), M. aculeatus (Sahoo et al., 2007; Farid et al., 
2008); Muraenesox cinereus (Umezawa et al., 1991); 
Anguilla rostrata (Oliveira and Hable, 2010); 
Mastacembelus mastacembelus (Sahinoz et al., 2006) have 
done, but there are no details of basic work on 
embryogenesis of M. pancalus except Rahman et al. 
(2009). As the embryonic development process differs 
from species to species, it is important to know the 
detailed developmental stages of any fish to consider the 
artificial propagation of the fish in captivity. It is an urgent 
need to develop a captive breeding protocol of the species 
due to the declination of natural propagation.  It is 
essential to know the variations of features in embryonic 
development and to know the development of organs for 
the management and rearing technology for seed 
production of any fish species. Thus, detailed embryonic 
developmental stages with prominent features were carried 
out in the captive condition of M. pancalus.  
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2. Materials and Methods 

2.1. Study site and preparation of aquarium 

The experiment was carried out in the laboratory of the 
Department of Fisheries and Marine Bioscience, Jashore 
University of Science and Technology, Jashore, 
Bangladesh. The experiment was done in rectangular glass 
aquaria (3 f length × 1.16 f width × 1.25 f depth), each 
containing thirty liters of water. Water hyacinths were 
used as a source of plants, and their roots were used as a 
substrate to lay the eggs of the fishes. The major 
physiochemical parameters like temperature, pH, and DO 
were measured at each two hours interval during 
embryonic development. A pH meter (EZODO, 7200, 
Taiwan) and a DO meter (LTLutron YK-22DO, Taiwan) 
were used to measure the water pH, DO and temperature 
respectively.   

2.2. Collection of egg  

In the same laboratory, eggs of M. panclaus were 
produced by inducing with PG hormone. Brood fishes 
were collected from the nearby natural habitat (Baor) and 
the average body weight was 9 g of each. There were three 
treatments, and each had two more replications for the 
inducing of the fish. Three pairs of broods were kept 1:1 
(male: female) the ratio in each aquarium for natural 
propagation after inducing. Fishes were spawned (100%) 
within sixteen to twenty hours after the administration of 
the hormone. The sticky eggs of the M. pancalus were 
attached to the aquatic weeds and sometimes on the 
substrates. Eggs were sampled softly either along with the 
roots of the water hyacinth or using a father in each 
sampling.   

2.3. Observation of embryonic development 

The embryonic development stages were observed, and 
a snap was taken with a photographable microscope (Carl 
Zeiss microscopy GmbH, S.N. MKG8639, Germany). The 
eggs were observed at every 5 to 10 minutes interval till 
the accomplishment of the morula and then after observed 
each one-hour intermission until hatching. The diameter of 
oocytes and eggs was measured at each sampling time 
using the microscopic camera. The development stages 
and characteristics were confirmed by following Sahoo et 
al. (2007), Rahman et al. (2009), and Honji et al. (2012).   

3. Results 

3.1. Aquarium environment 
Water parameters play a major role in the spawning, 

embryonic development, and hatching of any fish species. 
In the present study, the physicochemical condition of 
spawning aquaria such as temperature, dissolved oxygen, 
and pH ranged from 28.8 to 29.4 °C, 5.25 to 5.75 mg.L-1, 
and 7.75 to 8.12 respectively.  

3.2. Characteristics of the egg 

The yellowish eggs were spherical, demersal, and 
adhesive. They stuck to the roots of water hyacinth in the 
aquarium. The unfertilized eggs were opaque while the 
fertilized eggs were transparent with visible egg membrane 
and yolk (Figure 1A, 1B). The diameter of the fertilized 
eggs increased 0.62 to 0.71 mm from 0.55 to 0.58 mm of 
the unfertilized egg. 

 

 

 

 

 

 

 
 

Figure 1. The unfertilized (A) and fertilized (B) egg of M. pancalus. The formation of perivitelline space (C) at the early stage of the 
zygote.  EM = Egg membrane; VM = Vitelline membrane; PS = perivitelline space; OG = oil globule.  

3.3. Embryonic development 

After the fertilization of eggs, the embryonic period 
started and ended at the time of accomplishment of the 
general organ systems is common in all fishes. The 

fertilized eggs hatched out within 36 to 39 h after 
fertilization (AF). The events in embryonic progress and 
their respective time and features of M. pancalus are 
presented in table 1 and figure 1-4. 
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Table 1. Embryonic developmental stages (major and sub-phases) with the respected time and features of M. pancalus in aquarium 
condition.  

Major phase Sub-phase Figure Time (h/min) Developmental features 
Zy

go
te

 Fertilized eggs 1 

 

0.00 Eggs adhesive, demersal, spherical, and transparent. 

Previtteline space 
formation 0.25- 0.30 Formation of perivitelline space around the yolk  

C
le

av
ag

e 

Blastodisc 

2 

0.35 Formation of blastodisc at the animal pole 

Two cell 0.40-0.50 Aggregated oil globules at the animal pole, the commencement of the first 
cleavage 

Four cell 1.25 2nd cleavage, 4-cell 

Eight cell 1.25-1.45 The blastomeres were unequal in size and remain in two rows. 8-cell 

Sixteen cell 2.15 4th cleavage, 16-cell 

Multi-cell 3.00 -4.40 Quick successive division and transformed into 32, 64, 128 celled stage and 
so on  

M
or

ul
a  

3 

 

7.15-8.25 
Formed a cap at the animal pole, which gradually increased in size. 

B
la

stu
la

  

11.30-14.45 

The marginal blastomeres lost their boundaries and were compressed. 

G
as

tru
la

 

Early gastrula 17.15 Blastoderm started to form a thin layer by invading the yolk and 
overthrowing over the yolk  

Middle gastrula 
22.10 

Development of germinal ring in the region of yolk and about ½ of the yolk 
was possessed by blastoderm. 

Late gastrula 23.50 The embryonic shield was visible and the blastoderm covered ¾ of the yolk. 

O
rg

an
og

en
es

is Embryonic body 

4 

27.15 The embryonic body was visible. 

Yolk plug 29.20 Finished yolk invasion, visible undeveloped head and tail and became 
differentiated. 

Segmentation 34.15- 35.35 Distinguished head and tail, and notify of beating heart. Noticeable notochord 
in cellular structure. 

H
at

ch
in

g  
36.00-39.00 

The twisting movement became more forceful and the embryo broke the egg 
pod. 

3.3.1. Zygote phase 

 This phase is characterized by fertilized and 
perivitelline space formation. The perivitelline space 
formation occurred at 0.30 h AF in the present study. The 
perivitelline space (the thin space that separated the egg 
membrane) was fluid-filled and equal all around the egg 
membrane (Figure 1C). Oil globules were visible in the 
yolk in this phase.  
3.3.2.  Cleavage phase 

The single-cell stage became clear with the 
accumulation of cytoplasm over the animal pole as a 
protrusion at 0.35 h AF representing the early blastodisc or 
germinal disc stage (Figure 2A). As the development 
proceeded, the oil globules were found to aggregate and 
the cytoplasmic disc became thick and the first cleavage 

occurred within 1.00 to 1.25 h AF. The vertical cleavage 
occurred which divided the blastodisc into two different 
cells at 0.50 h AF (Fig. 2B). The further cleavage was at a 
right angle to the first and observed forming four cells 
within 1.25 h (Figure 2C).  Further division of blastomere 
took place with the advancement of time to reach eight-
cell and sixteen cell stages at 1.45 h and 2.15 h AF 
respectively (Figure 2D, 2E). After quick succession, the 
sixteen-celled stages resolved into 32, 64, 128 celled 
stages, and so on. However, due to the rapid occurrence of 
these cell divisions, it was not possible to observe or count 
the stages; and hence in the present study, it was 
considered as a multi-celled stage (Figure 2F). Eggs were 
measured and noticed the same size (0.62 – 0.71 mm). 
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Figure 2. The cleavage phase of M. pancalus; Formation of blastodisc (A), 2-cell (B), 4-cell (C), 8-cell (D), 16-cell (E), and Multi-cell stage 
(F). GD=Germinal disc (blastodisc); OG=Oil globule.   

3.3.3. Morula phase 

The blastomeres were reduced in size and accumulated 
around the animal pole during the morula stage. A cap-like 
creation was seen at the animal pole, which size increased 
slowly (Figure 3A). The morula phase was recognized at 
8.25 h AF.   
3.3.4. Blastula phase 

The embryo was further divided into numerous cells 
after the morula and formed a blastoderm by arranging a 
form of a layer (Figure 3B). The blastodisc was formed by 
the gradual formation of several layers due to further cell 
division. At this phase, blastocoels also appeared (a space 
between yolk and blastoderm). This phase of the embryo is 

called ‘blastula’ which was observed within 11.30 h to 
14.45 h AF.  
3.3.5. Gastrula phase 

The gastrulation phase is subdivided into three stages: 
like early gastrula, middle gastrula, and late gastrula. The 
incursion of the yolk started by blastoderm through 
spreading over the yolk like a thin layer which is denoted 
as the early gastrula and resulted within 17.15 h AF 
(Figure 3C). In the middle of gastrulation, noticed a visible 
germinal ring on every side of the yolk. In this stage, about 
half of the yolk was engaged by blastoderm (Figure 3D). 
The embryonic shield was visible at late gastrulation and 
blastoderm covered ¾th of the yolk (Figure 3E). 

Figure 3. The morula (A), blastula (B) and gastrula phase (C, D, E) of M. pancalus; C=Early gastrula, D=Middle gastrula and E=Late 
gastrula.    

3.3.6. Organogenesis phase 

The embryonic body formation appeared at 27.15 h AF 
(Figure 4A). The gradual spreading above the germ layer 
in the plug stage completed the yolk incursion. The head 
and tail seemed in this stage within 29.20 h AF (Figure 

4B). In addition to this, the embryo was lengthened and 
bordered the yolk materials and differentiated the tail and 
head ends (Figure 4C). The first beating heart was visible 
at about 34.00 h AF. Within the cellular structure, the 
notochord became noticeable within 34.15 to 35.35 h AF.  

A B 

C D E 
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Figure 4. The organogenesis and hatching of M. pancalus; 
Formation of the embryonic body (A), Yolk plug stage (B), 
segmentation of organ (C), and just before hatching (D).    

3.3.7. Hatching phase 

In this phase, noticed elongated embryo which 
progressively separated. The tail became steadily separated 
from the yolk mass (Fig. 4D). The embryo started an 
irregular twisting movement. Later, the eggshell started to 
rupture by the embryos due to the continuous movement. 
The hatch out of larvae was noticed in 36.00 to 39.00 h 
after fertilization with its tail portion first and completed 
within 3.10 h. The size of the newly hatched larvae was 
1.65 ± 0.15 mm in length (Fig. 5).  

Figure 5. The new hatchling of M. pancalus in aquarium 
condition. Hatching started at 36 h after fertilization.  

4. Discussion 

4.1. Aquarium environment 

The embryonic development of fishes is directly related 
to the water parameters, particularly water temperature. In 
the present study, the recorded water parameters were 
deemed suitable for the species. Water temperature during 
the time of embryonic development was within 28.8 to 
29.4 °C which was close to other studies like 28 to 29 °C 
(Sahoo et al., 2007) and 27-31°C (Rahman et al., 2009).  

4.2. Characteristics of the egg 

The characteristics of the fertilized and unfertilized 
eggs are more or less similar to other studies. The 
unfertilized eggs were dense, demersal, sticky and the 
fertilized eggs were round, clear, and sticky which is 
supported by Rahman et al. (2009). Though the same 
characteristics of fertilized eggs shown in 

Mastacembelidae, different egg color such as ‘green color’ 
was observed in the case of M. aculeatus (Sahoo et al., 
2007). This variation may be due to species variation. The 
fertilized egg diameter in the present study recorded was 
0.62 to 0.71 mm which was smaller than what was 
reported by Rahman et al. (2009). They recorded up to 
0.70 to 1.30 mm the size of the fertilized egg in M.  
pancaluss. However, further larger (1.20 to 1.40 mm) 
reported by Sohoo et al. (2007) in M.  aculeatus and 1.50 
to 2.02 mm in M. mastacemblus reported by Sahinoz et al. 
(2006). 

4.3. Embryonic development 

The cell division pattern and the further embryonic 
development stages were more or less similar to other 
studies of Mastacembelidae. However, differences were 
noticed in the case of the time of development in different 
species and even within the same species. The presence of 
perivitelline space in the present study was also reported in 
fertilized eggs of New Zealand freshwater eel, A. 
dieffenbachia (Lokman and Young, 2000), and 
Mesopotamian spiny eel, M. mastacembelus (Sahinoz et 
al., 2006). 

The initiation of 1st cleavage, the formation of 
blastodisc at the animal pole was noticed at 0.35 h AF 
which was similar to M. pancalus (Rahman et al., 2009) 
and M. aculatus (Sahoo et al., 2007). However, in the case 
of M. mastacemblus it took about 4.00 h (Sahinoz et al., 
2006). In the present study, it was noticed that cell division 
was completed within about 5.00 h AF which was almost 
the same reported by Rahman et al. (2009). However, in 
the case of M. aculatus, the cell division was completed 
shortly, and it was by 3.30 h AF (Sahoo et al., 2007). 
Moreover, within the same species, the induction of 
morula showed at different times. In the present study, the 
morula stage appeared within 8.25 h AF whereas Rahman 
et al. (2009) observed this stage at 10.10 h AF. According 
to Sahoo et al. (2007), the same stage in M. aculeatus 
occurred at 4.10 h AF. The blastoderm enclosed nearly 
3/4th of the yolk and an embryonic body was formed 27.15 
h AF which was noticed 24.30 h AF in the same species 
(Rahman et al., 2009) and 25.30h AF in M. aculatus 
(Sahoo et al., 2007) whereas more time (40h) was taken in 
the case of M. mastacemblus (Sahinoz et al., 2006).  

The formation of the head and tail of the embryo 
showed 29.20h AF which was observed in 31.30 h in the 
same species (Rahman et al., 2009) and even in higher 
temperatures. However, at a similar temperature, this 
characteristic was observed at 4.00 h earlier compared to 
M. aculatus (Sahoo et al. (2007) and took more than 
double duration (77h) in M. mastacemblus (Sahinoz et al. 
2006). The heart pulsation was noticed during about 34.00 
h AF in this study alike to Rahman et al. (2009) but earlier 
as compared to Japanese eel, A. paponica (Yamamoto et 
al., 1995). The twisting movement and first hatching were 
observed at 36.00 h AF. The earlier twisting movement 
and first hatching were reported by Rahman et al. (2009) 
in the same species and in similar water temperatures. In 
the case of other eel fishes, different hatching time was 
reported like 31.45 h in M. aculatus (Sahoo et al., 2007), 
38.00-45.00 h in A. paponica (Yamamoto et al., 1995) and 
85.00 h in M. mastacemblus (Sahinoz et al., 2006).  

In the present study, it was strong evidence that quick 
development happens until morula compared to other 
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studies, but later stages took a longer period particularly in 
organogenesis and hatching (Figure 6). This may be due to 
temperature variation as compared to Rahman et al. (2009) 
who recorded more than 30°C after gastrulation whereas in 

the present study it was less than 30°C. The other 
variability like the formation of morula and head and tail 
due to the different rates of development in different 
species in addition to temperature.

Figure 6. Major events during the embryonic development of M. pancalus. C=completion, F=formation, E=Embryonic 

5.    Conclusion 

The study generated detailed information on early 
developmental commencement with distinguishing 
characteristics of M. pancalus. In conclusion, it is said that 
the embryonic development of M. pancalus commonly 
imitates that of other eel fishes. However, the period of 
development varies in some stages. Besides, the 
development rate of the embryo varied in the variation of 
water temperature. The development process is noticed 
faster in the higher the temperature, and vice versa. 
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Abstract 

Non-alcoholic fatty liver disease (NAFLD) is considered as one of the common causes of chronic hepatitis and cirrhosis. The 
present study was performed to determine paraoxonase 1 (PON 1) and arylesterase (ARE) activities, biomarkers of oxidative 
toxic stress and DNA damage in patients with NAFLD and their suitability for identifying for NAFLD. In this case-control 
study, 40 NAFLD patients and 40 normal subjects were studied. Abdominal ultrasonography, serum PON 1 and ARE 
activities, level of lipid peroxidation (LPO), total thiol groups (TTG), total antioxidant capacity (TAC) and DNA damage 
biomarker were measured in both NAFLD patients and control group. There was a significant increase in salt stimulated 
PON 1 activity and LPO level in NAFLD patients compared to the control group (P<0.05). In contrast, TAC decreased in 
NAFLD patients compared to the control group. No significant difference was observed in biomarkers of DNA damage and 
ARE activity between the groups (P>0.05).  PON 1 activity and LPO level can be considered as biomarkers for NAFLD 
diagnosis. Along with these biomarkers, total antioxidant capacity can be used for identifying patients with NAFLD.  

 Keywords: paraoxonase 1, oxidative stress, DNA damage, nonalcoholic fatty liver disease (NAFLD) 
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1. Introduction 

Non-alcoholic fatty liver disease (NAFLD) is 
characterized by excessive lipid accumulation, 
inflammation and an imbalanced redox homeostasis. 
(Damba et al. 2020). NAFLD encompasses a wide 
spectrum of liver diseases, from simple steatosis to non-
alcoholic steatohepatitis (NASH) (Chalasani et al. 2018). 
The reported prevalence of NAFLD is 25–30% in Western 
countries (Ferro et al. 2020). Serum Paraoxonase (PON) 
and arylesterase (ARE) are esterase enzymes with 
lipophilic antioxidant characteristics. Serum PON and 
ARE act as a single enzyme (Ates et al. 2009). 
Paraoxonase 1 (PON1), a calcium-dependent esterase, is 
associated with high-density lipoprotein (HDL) 
cholesterol. It has been established that antioxidant 
property of PON is conferred by diminishing the storage of 
the products of lipid peroxidation (LPO) (Aslan et al. 
2007). The liver plays an important role in the synthesis of 
PON 1 which is able to hydrolyse a number of substrates, 
including phenyl acetate, paraoxon, lipid peroxides, 
cholesterol esters and hydroperoxides(Shokri et al. 2020). 
Imbalance between the production of reactive oxygen 
species (ROS) and inadequate antioxidant defense systems 
can lead to oxidative toxic stress (OTS) and cell damage 

not only directly but also indirectly by changing signaling 
pathways (Ghadermazi et al. 2018). ROS production 
results from endogenous factors such as elevation of 
mitochondrial dysfunction and oxidative enzymes in 
infections and inflammations and exogenous factors such 
as air pollution, radiation and drug exposures (Ranjbar et 
al. 2018). In a  previous study, it has been shown that 
NAFLD was related to an increase in oxidative stress 
serological parameters (Damba et al. 2020). Since 
histological changes in liver biopsy for NAFLD diagnosis 
is invasive, finding non-invasive methods for NAFLD 
diagnosis is of great importance. The present study was 
performed to evaluate the presence of oxidative stress, 
DNA damage and activities of PON 1 and ARE in a 
sample of patients with NAFLD to find out their valuable 
potential as future biomarkers for NAFLD diagnosis. 

2. Materials and methods 

2.1. Chemicals 

Reagents and Chemicals used in this study were 
tetraethoxypropane, 2-thiobarbituric acid (TBA), tri-
chloroacetic acid (TCA), 5,5-Dithiobis-2-nitrobenzoic acid 
(DTNB), n-butanol, hydrogen peroxide (H2O2), Tris base, 
Propofol, Ketamine, ethylene-di-amine tetra-acetic acid 
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(EDTA), 2,4,6-tripyridyl-S-triazine (TPTZ) purchased 
from Sigma–Aldrich (St. Louis, USA).  Paraoxonase and 
DNA damage kits were obtained from Cayman Chemical 
Co. (Ann Arbor, MI). 

2.2. Study subjects 

This case-control study was performed in Beheshti 
teaching hospital, Hamadan city, Iran, in 2016.  Forty 
NAFLD patients who underwent a liver biopsy and 40 
normal subjects were studied. All participants signed a 
formal consent before the commencement of the study. In 
addition, the protocol of the study was approved by the 
ethics committee of the Hamadan University of Medical 
Sciences (No: 940201454).  

Histological diagnosis of nonalcoholic Steatohepatitis 
(NASH) and level of fibrosis were approved by an expert 
hepatopathologist. Standard (clinical and histological) 
criteria were used for the diagnosis of NAFLD. Patients 
were assigned into three distinct groups subjected to liver 
histology. Group 1, simple steatosis. Group 2, NASH in 
the absence of advanced fibrosis (NASH is described as 
steatosis along with portal and/or lobular inflammation and 
fibrosis stage 0-2). Group 3, NASH in the presence of 
advanced fibrosis (described as steatosis along with portal 
and/or lobular inflammation and fibrosis stage 3-4). 
Patients in the NAFLD group had not the history of 
alcohol drinking, autoimmune liver diseases, 
hemochromatosis and viral hepatitis. 

Fasting blood samples were taken from the NAFLD 
patients in the morning of their programmed liver biopsy 
and control subjects. Samples were withdrawn from a 
cubital vein and then transferred into blood tubes and 
immediately stored at +4°C. Separation of cells was 
performed by centrifugation of samples at 3000 g for 10 
min and kept in plastic vials at -80 °C until analysis.  

2.3. Biochemical analysis 

2.3.1. Paraoxonase 1 (PON1) and Arylesterase (ARE) 
activities measurement 

Basal and salt-stimulated, with presence of NaCl, 
paraoxonase 1 activities were measured based on 
previously established findings. Generally, paraoxon 
(substrate) hydrolysis rate (di-ethyl p-nitro-phenyl-
phosphate) was deliberated using an increase in 
absorbance level at 405 nm wave length at 37 °C. The 
analysis was carried out originally based upon the 
formation of p-nitrophenol using the molar absorptivity 
coefficient of 18050 M −1cm −1 at pH = 8.5. The enzyme 
activity was expressed as U/L. Molar extinction coefficient 
of the resultant phenol (1310 M −1cm −1) was used to 
determine the activity of ARE, and phenyl acetate was 
utilized as substrate. The reaction was uninterruptedly 
monitored at 270 nm and 37°C. Under this condition, one 
unit of ARE activity was considered as the quantity of 
phenol in mol generated per min and expressed as U/L 
serum (Hashemi et al. 2011). 

2.3.2. Measurement of Total Thiol groups   (TTG) 

Hu method was utilized to determine total sulfhydryl 
content in plasma. Briefly, 0.6 ml of the Tris–EDTA buffer 
(Tris base 0.25 M, EDTA 20 mM, pH = 8.2) was added to 
an aliquot of 0.2 ml plasma in a test tube. Then, 40 µl of 
10 mM DTNB in methanol were added. The volume of the 
reaction mixture was made up to 4.0 ml by adding 3.16 ml 

of methanol. The test tubes were capped and the color was 
developed for 15–20 min. Then, they centrifuged at 3000 g 
for 10 min at room temperature. The supernatant was 
collected, and its absorbance at 412 nm was measured (Hu 
and Dillard 1994). 
2.3.3. Measurement of lipid peroxidation (LPO) 

The level of LPO in blood was assessed by TBA 
reagent, and the LPO is expressed as the extent of 
aldehyde production, during acid heating reaction. Briefly, 
1.5 ml of TCA (20% w/v) was added to 250 μl of each 
sample and then centrifuged at 3000 g for 10 min. The 
resultant precipitation was dissolved in sulfuric acid and 
then 1.5 ml of the mixture was added to 1.5 ml of TBA 
(0.2% w/v). After incubation in a boiling water bath for 
one hour, 2 ml of n-butanol was added to the mixture, and 
then it was centrifuged. After cooling at room temperature, 
the absorption of the supernatants was measured at 532 
nm. Standard solutions of tetraethoxypropane were 
prepared to obtain calibration curve and to calculate the 
concentrations of TBA+MDA adducts in samples (Moore 
and Roberts 1998). 
2.3.4. Measurement of Plasma total antioxidant capacity 
(TAC) 

The ability of plasma in reducing FeP

3+
P to FeP

2+
P was used 

to assess the antioxidant capacity of plasma. The resultant 
complex of reaction between FeP

2+
P and TPTZ provides a 

blue color with absorbance at 593 nm (Benzie and Strain 
1999). 
2.3.5. Measurement of DNA damage 

The 8-OHdG content in the extracted DNA solutions 
was determined using the ELISA method (Highly 
Sensitive 8-OHdG ELISA kit, Japan). These meticulous 
assay kits were chosen because they require small amount 
of sample and provide high sensitivity and specificity, and 
inter- and intra-assay precision. 

2.4. Statistical analysis 

Data were analysed using version 16.0 of SPSS version 
16 (SPSS,Chicago, IL). Mean and standard error values 
were ascertained for all the parameters, and the results 
were stated as Mean ± SEM. Differences between 
variables of case and control groups were analyzed by 
student t-test. A P-value less than 0.05 was considered 
statistically significant.  

3. Results 

None of the participants (40 NAFLD patients and 40 
controls) declined to participate in the study. Three 
patients were excluded because of the lack of cold chain 
for their blood samples. Appropriateness of randomization 
was confirmed by comparison of general characteristics in 
both groups as shown in Table 1.  
Table 1. Demographic characteristics of the studied subjects 

Groups Variables Control (n=40) Patients (n=40) 
32.42±10.12 42.83±9.84 Age (years) 
78.57±9.63 81.36±14.63 Weight (kg) 
24.50±2.13 29.31±3.79 BMI (0Tkg/mP

2
P0T) 

176.17±6.74 166.33±11.20 Height (m) 
52.8% Male, 47.2% 
Female 

97.5% Male, 2.5% 
Female 

Sex (%) 



 © 2021  Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4 695 

Figures 1 to 7 showed the biomarkers of oxidative 
stress in both groups. The salt-stimulated PON 1 activity in 
the NAFLD patients was significantly higher than that of 
control group    (P = 0.04, Fig 1). The basal PON1 activity 
(without NaCl) in the NAFLD patients was higher than the 
control group; however, the difference was not statistically 
significant (  P = 0.33, Fig 2).   

 
Figure 1. Salt stimulated activity of paraoxonase 1 in serum of 
patient and control groups. The difference between mean values 
was assessed by student-t test (P=0.04) and is shown by (*).   

 
Figure 2. Basal paraoxonase 1 activity in serum of patient and 
control groups. The difference between mean values was assessed 
by student-t test (P=0.33), and it was not significant 

No significant difference of ARE activity was seen 
between the NAFLD patients and control groups (P = 
0.60, Fig 3).  

 
Figure 3. Arylesterase activity in serum of patient and control 
groups. The difference between mean values was assessed by 
student-t test (P=0.60), and it was not significant. 

The LPO level of the NAFLD patients was significantly higher 
than that of the control group (P=0.001, Fig 4). In contrast, the 
TAC was significantly lower in the NAFLD patients than that of 
the control group (    P=0.04, Fig 5).  At the same time , total thiol 
molecules of the NAFLD patients were not significantly lower 
than that of the control group (  P=0.66, Fig 6). No significant 
difference was also observed in the 8-OHdG content of the 
NAFLD patients and control groups (P= 0.6, Fig 7).

Figure 4. Lipid peroxidation level in serum of patient and control 
groups. The difference between mean values was assessed by 
student-t test (P=0.001) and is shown by (*). 

Figure 5. Total antioxidant capacity in serum of patient and 
control groups. The difference between mean values was assessed 
by student-t test (P=0.04) and is shown by (*). 

Figure 6. Total thiol groups in serum of patient and control 
groups. The difference between mean values was assessed by 
student-t test (P=0.66), and it was not significant. 

Figure 7: DNA damage level in serum of patient and control 
groups. The difference between mean values was assessed by 
student-t test (P=0.60), and it was not significant. 

4. Discussion  
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In the present study, we revealed that NAFLD is 
accompanied by elevations in serum PON 1 activity and 
oxidative stress biomarkers such as LPO. Previous studies 
showed that LPO is greatly elevated in 0TNonalcoholic 
steatohepatitis0T (NASH) (Morita et al. 2012). Excess ROS 
is detoxified by several enzymatic mechanisms. PON 1, a 
liver-produced peroxidase, is famous for its antioxidant 
role in the circulation (Ramadan et al. 2012, Zaki et al. 
2014). Therefore, our findings provide evidence in support 
of the theory that PON 1 may act as an antioxidant. This 
theory was first expressed by Marsillach et al.(2007) when 
they observed a wide-range of paraoxonases in chronic 
alcoholics (Marsillach et al. 2007) Previously, Hashemi et 
al.(2011) studied the effect of PON 1 deficit in a mouse 
model of NAFLD induced by a high-fat and high-
cholesterol diet. They found that PON 1 deficit can induce 
higher levels of oxidative stress which confirm an 
antioxidant role for PON 1 in the liver (Hashemi et al. 
2011). As mentioned before, liver plays a critical role in 
PON 1 synthesis. Chronic liver disorders can lead to 
increased levels of oxidative stress and inflammation 
(Shokri et al. 2020). PON 1 protects the liver against 
inflammation, liver disease and fibrosis (Aharoni, Aviram 
and Fuhrman 2013, Loued et al. 2012). It has already been 
revealed that increased PON 1 activity could be correlated 
with the reduction of serum levels of oxidative biomarkers 
in patients with progressive liver cirrhosis (Desai et al. 
2014). Likewise, considering the antioxidant 
characteristics of PON-1 enzyme in NAFLD patients, the 
results of the previous studies demonstrated that PON-1 is 
paradoxically maintained and may even be increased in 
NAFLD despite its inverse associations with metabolic 
disorders and low HDL cholesterol (van den Berg et al. 
2019). Hepatotoxicity induced by oxidative stress may 
lead to loss of fundamental biomolecules functions and 
cell viability due to direct attack of RNS and ROS 
(Çekmez and Dündar 2013, Awad et al. 2016). 
Alternatively, indirect activation of nuclear factor κB (NF-
κB), activator protein-1 (AP-1), and redox-sensitive 
transcription factors can be induced by ROS, which are 
initiating the production of cytotoxic, fibrogenic and/or 
proinflammatory mediators by Kupffer cells and other 
non-parenchymal cells (Awad et al. 2016, Marí et al. 2015, 
Wan et al. 2014). Several studies in animal models of 
NAFLD displayed a higher free radical activity via the 
following mechanisms: (i) elevation of mitochondrial 
superoxide radicals and HR2ROR2R generation, (ii) induction of 
microsomal cytochrome P450 isoforms such as CYP2E1 
and CYP3A4, characterized by their high pro-oxidant 
activity, and (iii) LPO responses (Marí et al. 2015, Kumar 
et al. 2012, Schmilovitz-Weiss et al. 2013, Woolsey et al. 
2013).We did not find a significant difference in the level 
of DNA damage biomarker (8- OHdG) between the 
NAFLD patients and controls. In addition, no significant 
difference in the ARE activity was observed between the 
groups. As a consequence of ROS overproduction and the 
shortage of endogenous antioxidant molecules, higher 
oxidative stress is recognized as a well-established cause 
of liver injury due to extensive oxidative biomolecular 
damage, and subsequently alterations in PON and ARE 
activities may lead to progressive fibrosis (Ferro et al. 
2020). Furthermore, in previous studies, interference of 
OTS in NAFLD patients was proved and antioxidants 
usage for protection against these pathways was suggested, 

but in this study  patients with NAFLD had the induction 
of OTS and PON 1 activity which can be used as valuable 
future biomarkers for NAFLD diagnosis.  

5. Conclusions 

Patients with NAFLD had the induction of oxidative 
toxic stress and PON 1 activity which can be used as 
valuable future biomarkers for NAFLD diagnosis. Further 
studies are recommended to assess the mechanism of 
oxidative stress and the beneficial role of antioxidant 
treatment in patients with NAFLD.  
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Abstract  

Diabetes is a metabolic disease that is very common in developing countries and responsible for the death of over 1.5 million 
people each year. This study aimed to investigate the anti-diabetic effect of different types of synbiotic yogurt on 
experimental rats. Four different types of synbiotic yogurt supplemented with inulin and microencapsulated probiotics 
(Lactobacillus acidophilus CH2, Lactobacillus plantarum DSA 20174, Lactobacillus rhamnosus NRRL B-442, 
Bifidobacterium lactis LB-12) were used. A fifth type of yogurt supplemented with inulin alone was also prepared. The anti-
diabetic effect of different synbiotic yogurt was evaluated in diabetic rats. The results showed that the microencapsulation 
had improved the survival of probiotic in yogurt samples. The yogurt samples supplemented with inulin and 
microencapsulated L. acidophilus have a mean viability (8.6 ±0.1 log CFU/g) on the seventh day higher, but not significant, 
than the viability at zero time (8.1 ±0.1 log CFU/g).  The glucose and total cholesterol levels have significantly decreased 
(132 mg/dL and 72 ±5 mg/dL at P<0.05 respectively) in diabetic rats that were fed with yogurt supplemented with inulin 
and L. acidophilus compared to the diabetic control group (glucose 360 mg/dL and total cholesterol 118 ±4 mg/dL). The 
administration of yogurt supplemented with inulin and L. rhamnosus and yogurt supplemented with inulin and B. lactis were 
the most promising in improving plasma ALT (26 ±1 U/L) and AST (32 ±1 U/L) levels respectively, compared to those of 
diabetic control group (ALT 127 ±4 U/L and AST 69 ±0.8 U/L). A significant reduction (P<0.05) was also recorded in the 
levels of creatinine (0.75 ±0.09 mg/dL) and urea (30 ±0.4 mg/dL) in diabetic rats that were fed yogurt supplemented with 
inulin and L. plantarum compared to that of the  diabetic control group (creatinine 3.08 ±0.07 mg/dL and urea 72 ±2 mg/dL). 
In general, the results in the current study provided evidence that using the microencapsulation technique can enhance the 
viability and the performance of the probiotic bacteria. The results also support the application of probiotic bacteria in 
ameliorating type-2 diabetes and reducing its complications. 

Keywords:  Probiotics, Synbiotic, Microencapsulation, Yogurt, Diabetic rats. 
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1. Introduction 

Type-2 diabetes mellitus, a metabolic disorder 
described by hyperglycemia, is being attributed to different 
physiological, genetic, and environmental factors (Hofe et 
al., 2014). However, the main cause of type-2 diabetes is a 
result of the deficiency in insulin secretion or insulin 
action due to the dysfunction of islet B-cell (Asemi et al., 
2013). A series of morphological and functional 
alterafftions occur during diabetes mellitus, which can 
trigger some complications (Ajiboye et al., 2018). 
Recently, the gut microbiota received considerable 
attention by nutritionists due to its interesting function in 
controlling the insulin level (Brunkwall and Orho-
Melander, 2017; Samanta et al., 2018). Probiotic bacteria 
are living microorganisms present naturally in human and 
animal gut and have different beneficial effects (Karim and 

Hasan, 2019). For instance, they contribute in synthesizing 
of vitamin and antimicrobial compounds (Karim and 
Hasan, 2019; Alrabadi et al., 2018), boosting the immune 
system, reducing cholesterol (AL-Awwad et al., 2014), 
and use in cancer therapeutic application (Vijayaram and 
Kannan, 2018). Moreover, the role of gut microbiota in 
metabolic diseases, including type-2 diabetes, became 
evident (Gurung et al., 2020; Bera and Ghosh, 2018). 

Lactic acid bacteria (LAB), probiotic bacteria which 
are common in our natural environment, are being 
commonly used in dairy industries across the world for 
thousands of years (Evivie et al., 2017). The presence of 
some Lactobacillus strains in human gut flora, in addition 
to its long history of use in foods and dairy products 
without significant complications, has led to the conclusion 
that they are safe for human consumption (Jones et al., 
2012; Mahasneh and Abbas, 2010). Nowadays, probiotic 
bacteria are being widely used in many  functional foods 

http://ascidatabase.com/author.php?author=Ibrahim&last=M.%20Hamed
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and also in treating many physiological and metabolic 
diseases (Jones et al., 2012). Prebiotics are non-digestible 
oligosaccharides that are enhancing the growth of 
beneficial commensal organisms (Ooi et al., 2010).  

 Yogurt is the most popular dairy product that contains 
probiotic bacteria, and is widely consumed due to its high 
nutritional benefits (Suliman and El Zubeir, 2014). As 
such, yogurt is regarded as an ideal form for the successful 
delivery of probiotic bacteria (Sanders, 2008). There are 
some factors (e.g. acidity, level of oxygen in products, 
presence of other lactic acid bacteria, and byproduct 
produced by other competing bacteria) that might 
negatively affect the shelf life of probiotic supplemented 
products. These factors could, individually or collectively, 
impairer the efficacy of probiotic bacteria (Terpou et al., 
2019). Recently microencapsulation of probiotic bacteria 
has been used to enhance the efficiency of functional foods 
(De Prisco and Mauriello, 2016). The technique of 
microencapsulation has been proven to enhance the 
viability of some sensitive microorganisms against the 
harsh environmental conditions (Huq et al., 2013). This 
study aimed to manufacture different yogurt samples 
containing inulin and microencapsulated probiotic bacteria 
and investigates their anti-diabetic effects on diabetic rats. 

2. Materials and Methods 

2.1. Preparation of Microorganism 

The probiotic bacteria were obtained from different 
sources. For instance, Lactobacillus acidophilus CH2 and 
Lactobacillus rhamnosus NRRL B-442 were purchased 
from Chr. Hansen's Lab., DENMARK and the Northern 
Regional Research Laboratory, ILLINOIS, USA, 
respectively. Lactobacillus plantarum DSA 20174 and 
Bifidobacterium lactis LB-12 were purchased from 
MIRCEN, FACULTY OF AGRICULTURE, AIN 
SHAMS UNIVERSITY, EGYPT. 

All Lactobacillus strains, (L. acidophilus, L. plantarum, 
and L. rhamnosus) were grown on MRS broth (purchased 
from SRL, INDIA and sterilized for 15 min at 120ºC) and 
incubated at 37oC for 24 hours (De Man et al., 1960), 
while Bifidobacterium strain was grown on modified MRS 
broth (MRS enriched with L-cysteine hydrochloride 
0.05%) to  provide anaerobic conditions using the GasPak 
system (Collins and Hall, 1984; Vinderola and 
Reinheimer, 1999).  

2.2. Microencapsulation of Bacterial Strains 

The microencapsulation was prepared using the 
extrusion technique (Nigam et al., 1988) that was modified 
by Sharaf et al (2016). The strain biomass was obtained by 
performing 4000 rpm centrifugation at 4°C for 15 minutes 
and then rinsed with 0.1% (w/v) sterile peptone (purchased 
from BACTO, DIFCO Laboratory, USA). The pellets were 
suspended in 5 ml of 0.1% (w/v) peptone and mixed with 
the same amount of 2% (w/v) sodium alginate solutions 
(purchased from JUDEX laboratory, ENGLAND and 
sterilized at 121°C for 15 minutes). The mixtures were 
dropped into a sterile CaCl2 solution through a needle with 
gently stirring, forming beads to entrap the bacterial cells. 
The beads (2 mm-diameters) were washed twice in sterile 
saline to discard free cells and the remains of calcium ions. 
Finally, beads were washed with 0.1% sterile peptone 
solution and kept in peptone solution at 4°C.  The 

entrapped bacteria were released from the capsules using 
1g of the microcapsules dissolved in 9 ml of 2% sterile tri-
sodium citrate solution and vortexed till complete 
dissociation (Zhou et al., 1998). The viability of probiotic 
bacteria inside the microcapsules was estimated using the 
pour-plate method (Vinderola and Reinheimer, 1999); the 
results were recorded as colony-forming units for each 
gram (CFU/g). 

2.3. Yogurt Preparation 

A control set yogurt was prepared with yogurt starter 
culture only, without inulin and probiotic cultures.  Five 
batches of set yogurt were prepared and supplemented 
with inulin and probiotic bacterial cultures except one 
batch (T5) was prepared and supplemented with inulin 
only. The yogurt samples were prepared by heating 
standardized buffalo milk (purchased from the local 
market) to 85°C for 30 minutes before cooling it to 37°C. 
Then, the milk was inoculated with a mixture of 3% inulin 
(purchased from El-SHARQ El-AWSAT company, 
CAIRO, EGYPT), 2% of the prepared microencapsulated 
probiotic culture, and 2% of yogurt starter culture, which 
contained  L. delbruekii  bulgaricus and Streptococcus 
thermophilus (Lee and Lucey, 2010). The probiotic 
bacteria with the yogurt were incorporated with the yogurt 
either as microencapsulated cells or free cells. The cultures 
of probiotic bacteria were added at the same time with the 
yogurt starter cultures. The inoculated milk was distributed 
in 100 ml plastic cups and then incubated at 37ºC. After 
that, the yogurt was cooled and stored at 4ºC for seven 
days. The chemical and microbiological analyses were 
carried out at ‘zero’ time (after overnight cold storage of 
samples) and repeated at the third day and seventh day of 
storage (Kailasapathy, 2006).  

2.4.  Analysis of  Different Synbiotic Yogurt contents  

2.4.1. Chemical Analysis 

The pH of yogurt samples was determined using a pH 
meter (AD1000 pH /mV and temperature meter, Adwa 
Instruments), which was calibrated with reference buffer 
solutions (pH 4.0 and pH 7.0). All samples of synbiotic 
yogurt were stirred well before measuring the pH level 
(Kailasapathy, 2006). The moisture, ash, protein, and fat 
contents of the samples were determined after 24 hours of 
product storage at 4°C. For moisture content, a sample of 
fresh yogurt was accurately weighed and dried in oven at 
105°C until reached a constant weight (Bradley, 2010). 
Ash content was determined by heating the yogurt sample 
at 550°C in a muffle furnace chamber (Marshall, 2010). 
The crude protein content was measured using Kjeldahel 
method (the total nitrogen was multiplied by a factor of 
6.25) (Chang, 2010). Fat content was determined 
following Gerber method (Min and Ellefson, 2010). Total 
carbohydrate was calculated based on the amount of 
protein, ash and lipid using the following equation:  

Total carbohydrate = 100(dry weight) - (protein + lipid 
+ ash) (BeMiller, 2010). 

2.4.2. Microbiological Analysis of  Different Synbiotic 
Yogurt 

A 10 g of synbiotic yogurt dissolved in 90 ml of 2% 
sterile citrate buffer. The selective media were used to 
differentiate the introduced microencapsulated probiotic 
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cultures from yogurt starter cultures. Both L. acidophilus 
and L. plantarum were detected using a selective media of 
MRS broth—MRS broth supplemented with maltose 
instead of glucose—and incubated at 37oC for 24 hours. B. 
lactis was grown in MRS broth enriched with L-cysteine 
hydrochloride 0.05% to allow anaerobic conditions 
(Collins and Hall, 1984). L. rhamnosus was inoculated into 
MRS supplemented with vancomycin antibiotic, where 
0.005 g vancomycin dissolved in10 ml sterile distilled 
water, then 0.2 ml of  this dissolved antibiotic solution was 
added to 100 ml MRS broth media at 55ºC (Tharmaraj and 
Shah, 2003).  

2.5. Biological Evaluation of  Different Synbiotic Yogurt 

A total of 42 male rats (Sprague-Dawley), each with an 
average weight of 110 ±5 g, were obtained from the animal 
house of the NATIONAL RESEARCH CENTER, 
CAIRO, EGYPT. The animal’s house ethics committee, 
NRC, GIZA, EGYPT, approved the safety and ethics. Rats 
were kept individually in stainless steel wire bottom cages 
at room temperature (25 ±2ºC) under 12 hours dark and 
light cycle. Animals were fed with stock diets ad-lib for 
three weeks until rats weighing 200 ±10 g. Next, rats have 
been induced to diabetes disease by injecting them 
intraperitoneally, while they were fasting, with 5% alloxan 
solution (135 mg/kg body weight) in saline solution 
(Federiuk et al., 2004). Blood samples were obtained from 
the tail vein to test the fasting blood glucose levels. On the 
seventh day after alloxan injection, rats with a level of 
blood glucose above 200 mg/dL were included in the study 
as diabetic rats. The rats were distributed into seven groups 
(each included six rats) where each group fed with 
balanced diet supplemented with different synbiotic yogurt 
as shown in (Table 1). 
Table 1. Experimental groups 

Groups Diet 

Control 
normal Normal rats fed with a balanced diet*  

Control 
diabetes Diabetes rats fed with a balanced diet  

Group (1) 
Diabetic rats fed with a balanced diet and synbiotic 
yogurt have 3% inulin with 2% microencapsulated 
L. acidophilus  

Group (2) 
Diabetic rats fed with a balanced diet and synbiotic 
yogurt have 3% inulin with 2% microencapsulated 
L. plantarum  

Group (3) 
Diabetic rats fed with a balanced diet and  
synbiotic yogurt have 3% inulin with 2% 
microencapsulated L. rhamnosus  

Group (4) 
Diabetic rats fed with a balanced diet and synbiotic 
yogurt have 3% inulin with 2% microencapsulated 
B. lactis  

Group (5) Diabetic rats fed with a balanced diet and  
synbiotic yogurt have 3% inulin only 

*Balanced diet is a diet that consists of 12% casein, 15% corn oil, 
10% sucrose, 3% fiber, 55.5% starch, 3.5% salt mixture, and 1% 
vitamin mixture has been prepared for rats feeding during the 
period of the experiment (Reeves et al., 1993). 

After five weeks of administration of different 
synbiotic yogurt, rats were forced to overnight fasting 
before collecting blood samples to measure the level of 
fasting blood glucose and HbA1c following Trinder (1969) 

and Trivelli et al (1971) respectively. The lipid profile of 
experimental rats was assessed by determining the levels 
of: (1) total cholesterol (T-CH) according to Allain et al  
(1974), (2) triglycerides (TG) (Fossati and Prencipe, 
1982), (3) high-density lipoprotein cholesterol (HDL-CH)  
(Burstein et al., 1970), and (4) low-density lipoprotein 
cholesterol (LDL–CH) (Wieland and Seidel, 1983). The 
liver performance was evaluated by determining the 
activity of liver enzymes, specifically alanine transaminase 
(ALT) and aspartate transaminase (AST) (Reitman and 
Frankel, 1957). To assess changes in kidney functions and 
performances, the levels of creatinine and urea were 
evaluated according to Fawcett and Scott (1960) and 
Bartels et al. (1972) respectively.  

2.6. Statistical Analysis 

Analysis of Variance (ANOVA) with post-hoc Least 
significant difference (LSD) test was applied to assess the 
variability between the treatments and the controls (Waller 
and Duncan, 1969). All statistical analyses were carried 
out using IBM SPSS Statistics (IBM, 2019). 

3. Results and Discussion 

3.1. Viability of Probiotic Bacteria inside the 
Microcapsule  

The viable counts of probiotic bacteria within calcium 
alginate microcapsule are shown in (Table 2). All strains 
reached 109 CFU/g of their viable counts inside the 
microcapsule. There was no significant (P>0.05) 
difference in the viability between the strains. Previous 
studies suggested a minimum viability threshold of 106 
CFU/g to achieve the therapeutic  effects from the 
probiotic bacteria (Dave and Shah, 1997), while a viable 
count above 107 would maximize the therapeutic  effects 
from the probiotics (Lourens-Hattingh and Viljoen, 2001). 
These indicate that the viability of the probiotics in our 
study have high beneficial health properties.  
Table 2. Viable counts of probiotic bacteria inside the 
microcapsule (log CFU/g) 

Type Bacterial count 

L. acidophilus  8.64 ±0.3 a 

L. plantarum  8.69 ±0.5 a 

L. rhamnosus  8.74 ±0.5 a 

B. lactis  9.03 ±0.6 a 

Each value represents the mean ± SE Means followed by the same 
letter are not significantly different (P>0.05) 

3.2. Analysis of Different Synbiotic Yogurt contents 

3.2.1. Chemical Analysis of Different Synbiotic Yogurt 

Data displayed in (Table 3) represent the pH values of 
the yogurt supplemented with microencapsulated probiotic 
cells, and yogurt supplemented with free probiotic. Our 
results showed that the pH value of yogurt supplemented 
with microencapsulated cells at the third and seventh days 
of storage was less than that of yogurt supplemented with 
free cells of probiotic bacteria. This decrease in pH value 
may be contributed positively to microencapsulated cell 
metabolism. 
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Table 3. pH of yogurt supplemented with free and microencapsulated probiotic bacteria  

*Control yogurt was the same in the case of free cells and microencapsulated cells 

Treatment 1 (T1): yogurt supplemented with 3% inulin with 2% microencapsulated L. acidophilus . Treatment 2 (T2): yogurt supplemented 
with 3% inulin with 2% microencapsulated L. plantarum Treatment 3 (T3): yogurt supplemented with 3% inulin with 2% microencapsulated 
L. rhamnosus Treatment 4 (T4): yogurt supplemented with 3% inulin with 2% microencapsulated B. lactis *Treatment5 (T5): yogurt 
supplemented with 3% inulin only, was the same in case of free cells and microencapsulated cells 

This finding is congruent with that of Afzaal et al 
(2018), who reported a significant decrease in the pH value 
of the yogurt supplemented with inulin and 
microencapsulated lactic acid bacterial cells compared 
with yogurt supplemented with inulin and free cells of 
lactic acid bacteria. Sultana et al. (2000) attributed this 
decrease in the pH value to the gradual uptake of nutrients 
and the slow release of metabolites across the shell of 
microencapsulated alginate beads. 

The moisture, protein, and fat of control buffalo yogurt 
were significantly higher than those of the other treatments 
(Table 4). However, there was no significant differences 
(P=0.086) between ash content of the control sample and 
that of the other treatments (Table 4). This finding is 
incongruence with that obtained by Stijepić et al. (2013), 
who reported high ash content (0.739% w/w) in yogurt 
supplemented with 3% inulin. This disagreement with our 
finding because Stijepić et al. (2013) have used yogurt 

prepared from cow milk, not buffalo. Furthermore, it is 
known that the ash content depends on the food 
supplement and also varies between seasons (Rasheed et 
al., 2016; Barlowska et al., 2011). This is another possible 
explanation for the disagreement between our finding and 
finding of Stijepić et al. (2013). Our result showed that the 
carbohydrates content of the control sample was 
significantly lower than those of other treatments. Previous 
study showed that carbohydrates can provide an 
appropriate media for the growth of beneficial bacteria, 
which, in turn, enhances gastrointestinal health and many 
physiochemical processes (Chandran et al., 2016). 
Therefore, the high the carbohydrate contents, the more 
health benefit. Interestingly, the moisture content value of 
the control yogurt in our study is in agreement with the 
moisture content value (86.40%) reported in a previous 
study (Hassan and Amjad, 2010). 

Table 4. Chemical analysis of different synbiotic yogurt (% dry weight) 

Each value represents the mean ± SE.   
*DM means dry matter. 
Means in the same column followed by the same letter were not significantly different (P>0.05). Control yogurt contains no inulin and no 
microencapsulated probiotic bacteria 
Treatment 1 (T1): yogurt supplemented with 3% inulin with 2% microencapsulated L. acidophilus. Treatment 2 (T2): yogurt supplemented 
with 3% inulin with 2% microencapsulated L. plantarum. Treatment 3 (T3): yogurt supplemented with 3% inulin with 2% 
microencapsulated L. rhamnosus. Treatment 4 (T4): yogurt supplemented with 3% inulin with 2% microencapsulated B. lactis. Treatment 5 
(T5): yogurt supplemented with 3% inulin only. 
Carbohydrate was calculated not evaluated   
Moreover, our result is also incongruence with Rinaldoni 
et al. (2012) who reported low fat content (15g/L) and 
high protein content (59g/L) in the yogurt sample 
supplemented with 3% inulin only compared with our 
results. This incongruence could be because the yogurt 
samples in Rinaldoni’s study were prepared from a 
different source of milk, soymilk. The content of protein in 
synbiotic yogurt varies according to the proteolytic activity 

of the probiotics, which converts the protein into its 
functional units, peptides and amino acids (Hassan and 
Amjad, 2010). 
3.2.2. Microbiological Analysis of Different Synbiotic 
Yogurt during the Storage Period  

The differences in viable counts of microencapsulated 
strains in synbiotic yogurt during storage periods at the 
refrigerator are shown in (Table 5). All treatments have 

Yogurt types 

 

     Free probiotic cells Microencapsulated cells 

Zero time Third day Seventh day Zero time Third day Seventh day 

Control* 4.95 4.48 4.42 4.95 4.48 4.42 

T1 4.99 4.78 4.53 4.54 4.24 3.95 

T2 4.99 4.85 4.43 5.06 4.50 4.14 

T3 4.99 4.66 4.52 5.07 4.52 4.24 

T4 4.78 4.78 4.46 5.10 4.56 4.33 

T5* 5.45 5.10 4.94 5.45 5.10 4.94 

Treatments Moisture Ash/(DM *) Protein/(DM *) Fat/(DM *) Carbohydrate/(DM*) 

Control  86 ±0.9 a 3.5 ±0.4 a 24.7 ±0.1 a 41.8 ±0.1 a 30 ±1.1 b 

T1 80.7 ±0.03 b 2.9 ±0.1 a 21±0.03 b 36 ±1.9 b 40.1±2.5 a 

T2 80.7 ±0.05 b 3 ±0.1 a 20.3 ±0.3 b 36.9 ±0.3 b 39.8 ±0.1 a 

T3 80.7 ±0.3 b 2.8 ±0.08 a 21±0.6 b 37 ±0.8 b 39.2 ±2.2 a 

T4 80.7 ±0.6 b 3 ±0.1a 20.6 ±0.09 P

b 36.5 ±0.7 P

b 40.9 ±1.3 P

a 

T5 80.7 ±0.5 P

b 2.8 ±0.02 P

a 21.1 ±0.9 P

b 35 ±0.4 P

b
P  41.1±1.1 P

a 
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shown the appropriate growth of microencapsulated 
strains. The viable counts of all treatments have increased 
until the seventh day. The overall means across storage 
periods for all treatments indicated that the viable counts 
reached the highest value on the third day of storage (e.g. 
samples supplemented with inulin and microencapsulated 
L. acidophilus). This increase reflects the protective effect 
of microencapsulation on the viability of strains. Samples 
supplemented with inulin and microencapsulated L. 
plantarum have a significant decrease at the seventh day of 
storage (8.2 ±0.2, P=0.02) compared to those of the third 
day of storage.  
Table 5. Total viable bacterial counts in synbiotic yogurt during 
the storage period (log CFU/g) 

Each value represents the mean ± SE. 

Means in the same row followed by the same letter are not 
significantly different (P>0.05) 

Treatment 1 (T1): yogurt supplemented with 3% inulin with 2% 
microencapsulated L. acidophilus ‘Treatment 2 (T2): yogurt 
supplemented with 3% inulin with 2% microencapsulated L. 
plantarum .Treatment 3 (T3): yogurt supplemented with 3% inulin 
with 2% microencapsulated L. rhamnosus. Treatment 4 (T4): 
yogurt supplemented with 3% inulin with 2% microencapsulated 
B. lactis  

Our results are in agreement with Brinques and Ayub 
(2011), who reported high viability for microencapsulated 
bacteria compared to the viability for free cells. This 
variation in viability is a result of the effectiveness of 
microencapsulation in maintaining the stability of the 
probiotic bacteria under storage at refrigeration 
temperature (Brinques and Ayub, 2011). Pavunc et al 
(2011) also found a better growth and high survival rate 
for L. helveticus M92 inside the microcapsule compared to 
free cells during yogurt fermentation. This growth pattern 
could be a result of the bidirectional diffusion of nutrients 
and metabolites through pores of the microcapsule 
(Pavunc et al., 2011). The reported decrease in the growth 
of probiotic at the seventh day in the current study was 
expected because the accumulation of undissociated acids 
inside the microcapsule, which, in turn, leads to decrease 
in the growth and the biomass of the probiotics 
(Klinkenberg et al., 2001).   

3.3. Biological Evaluation of  Different Synbiotic Yogurt 

3.3.1. Anti-diabetic Effect of Different Synbiotic Yogurt 

The results of the current study showed that consuming 
yogurt supplemented with synbiotic could decrease the 
level of fasting blood glucose and glycosylated 
hemoglobin of diabetic rats (Table 6). At the end of the 
experiment, a significant reduction in the level of blood 
glucose (P< 0.001) and HbA1c (P< 0.021) was reported in 
all groups. However, the rats in group 1 that were fed with 
a balanced diet supplemented with inulin and 
microencapsulated L. acidophilus showed the highest 

significant reduction in the level of blood glucose (132 ±3 
mg/dL,  P= 0.001). 
Table 3.  Anti-diabetic diet effect on plasma glucose and HbA1c 
of different experimental rats. 

Group Plasma glucose 
(mg/dL) 

HbA1c % 

Control normal 66 ±1 e <4 ±0 d 

Control diabetes 360 ±2 a 8 ±0.03 a 

Group (1) 132 ±3 d 4 ±0.27 cd 

Group (2) 144 ±3 c 4 ±0.16 cd 

Group (3) 136 ±5 cd 6 ±0.63 b 

Group (4) 182 ±4 b 5 ±0.40 bc 

Group (5) 185 ±5 b 5 ±0.50 bc 

Each value represents the mean ± SE. In each column, the same 
letters mean no significant difference at P<0.05. 

It has been suggested that the decrease in the level of 
blood glucose in diabetic or non-diabetic people is due to 
the consumption of probiotic bacteria or synbiotic 
(Nikbakht et al., 2018). Probiotic bacteria play an 
important role in gut flora modification, which stimulates 
glucose absorption by producing insulin-tropic polypeptide 
and glycogen–link peptide (Nikbakht et al., 2018). 
Another study has also reported that the probiotic strains 
MTCC 5690 and MTCC 5689 have decreased the blood 
glucose level (131 mg/dL and 129 mg/dL), respectively, 
compared to the diabetic group (167 mg/dL) (Balakumar et 
al., 2018). This decrease attributed to the ability of the 
probiotic strains to improve the gut integrity, decrease LPS 
(Lipopolysaccharide), and increase GLP-1 (Glucagon-like 
peptide-1), which, subsequently, enhances insulin 
sensitivity (Balakumar et al., 2018).  

Probiotic can also indirectly reduce the glucose level 
by: 1) changing the activities of the autonomic nerve, 
which, in turn, reduces the secretion of glucagon (Yamano 
et al., 2006), and 2) enhancing the antioxidant status of 
diabetic patient, which, in turn, prevents the destruction of 
β-cells and decreases the oxidative damage (Zhang et al., 
2016). Furthermore, probiotic also has the potential to 
inhibit the absorption of glucose in the intestine, which 
leads to a reduction in the glucose level (Zhang et al., 
2016).   

Previous studies could not find significant differences 
between synbiotic yogurt supplemented with probiotics 
and conventional yogurt on the glucose levels in patients 
with diabetes or obesity (Barengolts et al., 2019). These 
results can be attributed to: 1) using small sample size, 2) 
sub-therapeutic doses, and 3) short duration for the 
experiments, which negatively affects the accuracy of the 
statistical analyses and the final conclusion (Mazloom et 
al., 2013).  
3.3.2. Effect of Different Synbiotic Yogurt on Plasma Lipid 
Profile 

Data in (Table 7) represent the plasma lipid profile for 
all groups. Diabetic control rats showed a significant 
increase (P<0.001) in the levels of T-CH, TG, HDL-CH, 
and LDL-CH compared with normal rats. Yogurt 
supplemented with inulin and microencapsulated L. 
acidophilus was the most promising in improving 
plasma T-CH, and LDL-CH profile of diabetic rats. Yogurt 

 

Treatments 

                              Microencapsulated cells 

  Zero time         Third  days          Seventh days 

T1   8.1 ±0.1 a           8.7 ±0.2 a            8.6 ±0.1 a  

T2   8.2 ±0.1 b           8.4 ±0.06 ab         8.2 ±0.2 c 

T3   8.1 ±0.09 a         8.8 ±0.2 a    8.3 ±0.2 a 

T4   8 ±0.3 a            8.5 ±0.1 a            8.3 ±0.2 a 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=lipid+profile
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=lipid+profile
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=diabetic+rats
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supplemented with inulin and microencapsulated L. 
plantarum was the most promising in improving 
plasma TRG and HDL-CH profile. 
Table 4. Effect of different synbiotic yogurt on plasma lipid 
profile (mg/dL) of the studied group 

Groups T-CH 
(mg/dL) 

TG 
(mg/dL) 

HDL-CH 
(mg/dL) 

*LDL-CH 
(mg/dL) 

Control 
normal 77 ±2 b 86 ±0.2 b 35 ±0.7 b 24.8 ±2 b 

Control 
diabetes 118 ±4 a 115 ±4 a 35 ±0.7 b 60 ±3 a 

Group (1) 72 ±5 b 76 ±4 b 47 ±3 a 9.8 ±1d 

Group (2) 74 ±2 b 60 ±2 c 48 ±2 a 14 ±2 cd 

Group (3) 75 ±2 b 64 ±2 c 44 ±2 a 18.2 ±1 c 

Group (4) 77 ±3 b 82 ±3 b 44 ±2 a 16.6 ±3 c 

Group (5) 78 ±4 b 86 ±7 b 35 ±0.6 b 25.8 ±3 b 

Each value represents the mean ± SE. 

Means in the same column, followed by the same letter are not 
significantly different at P<0.05. 

Friedewald Equation for Low Density Lipoprotein (LDL-CH) 

*LDL-CH= T-CH – (TG/5) – HDL-CH 

Ejtahed et al. (2012) found that administrating yogurt 
enriched with B. lactis and L. acidophilus has no 
significant effect on the levels of  TG and HDL-CH in 
diabetic patients. Our result is consistent with the finding 
of Moroti et al (2012), who showed that administrating of 
a synbiotic shake supplemented with probiotics (L. 
acidophilus and B. bifidum) and prebiotic (oligofructose) 
led to increase in the level of HDL-CH. This indicates that 
the use of different prebiotics (inulin or oligofructose) has 
no influence on the therapeutic activity of probiotic 
(Azorín-Ortuño et al., 2009). The result of the present 
study is in accordance with a previous study that found a 
positive impact for L. plantarum LS/07 and L. plantarum 
Biocenol LP96 on lipid profile (Salaj et al., 2013). 
Probiotic bacteria can positively affect hyperlipidemia 
through: (1) increasing cholesterol consumption by 
bacterial growth, (2) binding the cholesterol with the 
bacterial cell’s surface, which inhibiting the cholesterol 
absorption by the host, (3)  probiotic bacteria possessing 
bile acid hydrolase activity, which, as a consequence, 
increases cholesterol uptake and metabolism in the liver 
for synthetizing the bile, and (4) inhibiting the synthesis of 
hepatic cholesterol and triglyceride due to the presence of 
short-chain fatty acids such as propionic acid (Salaj et al., 
2013; Liong and Shah, 2006; Gill and Guarner, 2004; Noh 
et al., 1997). 
3.3.3. Effect of Different Synbiotic Yogurt on Liver and 
Kidney Function 

The liver and kidney functions of all experimental 
groups are shown in (Table 8). Compared with the diabetic 
control group, the administration of synbiotic yogurt has 
significantly decreased (P<0.05) the liver enzymes (ALT 
and AST) and kidney enzymes (creatinine and urea) in all 
diabetic rat groups. The maximum decrease in ALT levels 
was identified in the group that was fed with yogurt 
supplemented with L. rhamnosus (26 ±1 U/L, P=0.001), 
while the maximum decrease in AST level was in rat 
group fed with yogurt supplemented with B. lactis (32 ±1 

U/L, P=0.004). The maximum decrease in creatinine and 
urea levels was identified in groups fed on yogurt 
supplemented with L. acidophilus (0.72 ±0.05 mg/dL, 
P=0.012) and L. plantarum (30 ±0.4 mg/dL, P=0.005) 
respectively.  
Table 5. Effect of different synbiotic yogurt on liver and kidney 
function of diabetic 

Groups 
ALT 
(U/L) 

AST 
(U/L) 

Creatinine 
(mg/dL) 

Urea 
(mg/dL) 

Control 
normal 38 ±2 P

c 32 ±0.7 P

d 0.74 ±0.04 P

c 28 ±2 P

e 

Control 
diabetes 127 ±4 P

a 69 ±0.8 P

b 3.08 ±0.07 P

a 72 ±2 P

a 

Group (1) 32 ±2 P

cd  45 ±2 P

c 0.72 ±0.05 P

c 39 ±2 P

c 

Group (2) 35 ±4 P

c  34 ±1P

d 0.75 ±0.09 P

c 30 ±0.4 P

de 

Group (3) 26 ±1 P

d  40 ±2 P

c 0.75 ±0.09 P

c 32 ±2 P

de 

Group (4) 34 ±2 P

c  32 ±1 P

d 0.83 ±0.07 P

bc 34 ±2 P

cd 

Group (5) 47 ±1 P

b 77 ±3 P

a 1 ±0.2 P

b 51 ±3 P

b 

ALT (Alanine aminotransferase), AST (Aspartate 
aminotransferase), Each value represents the mean ± SE. 

Means in the same column followed by the same letter are not 
significantly different at P<0.05. 

Lucchesi et al (2015) observed an increase in AST and 
ALT after two weeks of alloxan induction, whereas ALT 
remained significantly elevated till 26 weeks because the 
liver requires longer time to cure the damage resulted from 
using alloxan. A previous study showed that alloxan 
increases the oxidative stress and reducing the oxidative 
defense of hepatic cells (Goel, 1977). Our result is in 
agreement with Bejar et al. (2013), who showed 
significant protective effects for probiotic bacteria 
treatment on the kidney and liver functions, which was 
proofed by a significant decline in serum AST, ALT, urea, 
and creatinine, 38.20 (U/L), 33.54 (U/L), 0.60 (g/L), and 
18.78 (mg/L) respectively. Our result is in line with Kumar 
et al  (2017), who showed that administration of probiotic 
fermented milk for 60 days has significantly decreased the 
urea and creatinine in animals fed with probiotics 
compared to the diabetic control group fed with control 
diet only. 

Diabetes disease is associated with dysfunction and 
damage of liver and kidney (Ota and Ulrih, 2017). The 
administration of synbiotic yogurt could reduce damage to 
the liver and kidney by improving the metabolism of lipid 
and delaying the hepatic and renal disorder (Sengupta et 
al., 2019). Probiotics can also improve the liver 
performance by improving liver histology and decreasing 
the total fatty acid of the hepatic cells 
(Bakhshimoghaddam et al., 2018). The mechanism of 
action of probiotic bacteria on improving kidney function 
can be summarized as follows: (1) preventing growth of 
some aerobic bacteria in gut, which, in turn, enhance gut 
microbial balance and regulate the level of urea (Vaziri et 
al., 2013), (2) the urease activity of the probiotics can 
increase the degradation of the urea and, ultimately, reduce 
its level and enhance kidney functions (Parvez et al., 
2006), and (3) probiotics and prebiotics can decrease the 
inflammatory biomarkers and the oxidative stress, which 
indirectly affect the performance of kidney (Grimoud et 
al., 2010). 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=lipid+profile
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4. Conclusion 

The present work is an attempt to develop a 
supplementary diet incorporating the health benefits of 
probiotics and prebiotics. Our findings recommend the use 
of microcapsulation technique to maximize the benefits 
from probiotics. The present study suggested that synbiotic 
yogurt has the potential to regulate the glucose level and 
the lipid profile (total cholesterol, triglycerides, LDL and 
HDL) in diabetic rats. Furthermore, the administration of 
synbiotic yogurt has improved both liver and kidney 
functions in diabetic rats. The present study demonstrated 
the anti-diabetic properties of different probiotic strains.  
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Abstract 

In this study, from five Aspergillus flavus strains, only three strains have been aflatoxin B producers. Gallic acid as 
antioxidant was used to assay its potential in aflatoxin diminishing. Gallic acid treated aflatoxin B producing isolates showed 
a slightly inhibition in aflatoxin production and a remarked diminishing in spore formation and growth as compared with 
untreated isolates. Three genes, aflR, aflS, and aflD were successfully amplified by a conventional polymerase chain reaction 
in aflatoxigenic and gallic acid treated Aspergillus flavus strains. These genes have been sequenced and deposited in 
Genbank under the accession numbers LC537158, MW055253, and LC537157, respectively. It has been demonstrated that 
there was no difference in nucleotide sequences in the amplified fragments of these genes in both aflatoxigenic and gallic 
acid treated Aspergillus flavus isolates, qRT-PCR was employed to test the effect of gallic acid on the transcription of aflR, 
aflS, and aflD genes and that ensured the negative effect of gallic acid on these genes transcription and therefore production 
of aflatoxin production 
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1. Introduction 

Production of acute toxic, mutagenic, teratogenic, or 
estrogenic responses in higher vertebrates was reported via 
mycotoxin exosure such as Aflatoxins (AF) (Jelineket al., 
1989); they are secondary metabolites, poly-ketide that 
have been produced by Aspergillus flavus and Aspergillus 
parasiticus. Aflatoxins are carcinogenic and contaminate 
food and feed worldwide (Bhatnagaret al., 1987). The 
complete elucidation of the gene cluster involved in 
aflatoxin biosynthesis in A. parasiticus was achieved by 
Yu and Ehrlich (2002) and Yu et al. (2004); another study 
conducted by O’Brian et al. (2007) demonstrated the role 
of microarray to explain the regulation of aflatoxin 
biosynthesis genes.  

Aflatoxin Genes in A. flavus and A. parasiticus have 
highly homologous sequences and the same order within 
the cluster. Aflatoxin B1 (AFB1) and B2 (AFB2) are 
known to be produced by A. flavus strains, whereas A. 
parasiticus produces aflatoxins B1, B2, G, and G2 
(Giorniet al., 2007). Yan et al. (2012) reported the 
opportunistic and pathogenic infection of A. flavus for 
humans and animals besides its pathogenicity for plants. In 
the 1960s, aflatoxins, the basic reason for Turkey-X 
disease, were reported to be mainly produced by A. flavus 
(Nesbitt et al., 1962). While aflatoxins are considered the 
first fungal secondary metabolites shown to have all genes 
organized within a DNA cluster, 

39Tthere have since been significant efforts to realize regulatio
n mechanism involved in aflatoxin biosynthesis39T.  

Several interconnecting networks are involved in the 
regulation of AF biosynthesis which can be divided into 
three parts; the most important one comprises the 
regulation in the AF biosynthetic by aflR and aflS, 
positioned adjacent to each other in a 70 kb DNA cluster 
(Desjardins and Proctor, 2007).These genes are 
differentially transcribed with independent promoters; with 
short intergenic regions that share binding sites for 
regulatory elements or other transcription factors (Ehrlich 
et al., 2005). Woloshuk et al. (1994) and Yu et al. (1996) 
reported that a putative 47-kDa protein encoded by the 
gene of aflR, has a similar sequence to a zinc binucleate 
cluster DNA-binding protein, Todd and Andrianopoulos 
(1997) classified these proteins and renamed them as Zn 
(II) 2Cys6 proteins. aflR is a remarkable gene in AF 
biosynthesis for the following discoveries: Yu et al. (1996) 
take up aflR from A. flavus to drive ST cluster expression 
in an A. nidulans which lack aflR despite clear differences 
in AF biosynthesis pathway. Another study conducted by 
Lee et al. (2007) announced the presence of differences in 
PacC and AreA binding sites, promoter regulatory 
elements for aflR in A. parasiticus and A. flavus aflatoxin 
biosynthesis. Carbone et al. (2007) reported the presence 
of conserved domain of the aflR gene in both A. nidulans 
and A. fumigatus. 

Another gene, aflS, has a precise role in AF 
biosynthesis. A study by Meyers et al. (1998) observed 
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unchanged mRNA expression levels of genes, aflC, aflD, 
aflM, and aflP in an aflS disrupted strain, with all this; AF 
pathway intermediates could not be converted to aflatoxin. 
Regarding a relationship between AFLS (a protein 
encoded by aflS) and AFLR (a protein encoded by aflR), 
Chang (2004) showed that activation of AFLR requires 
AFLS binding in A. parasiticus. However, in A. flavus, 
there was no need of AFLS to activate AFLR in AF 
biosynthesis (Du et al., 2007), while they explained the 
roles of aflR and aflS as follows: transcription of early and 
mid-aflatoxin pathway genes require AFLR, but AFLS 
enhances this pathway. 

Several environmental and cultural conditions such as 
light, temperature, pH, nitrogen, carbon source, and metals 
can modulate AF biosynthesis (Calvo et al., 2004; Price, 
2005). Over the past decade, research proved the increase 
in AF production by oxidative stress (Reverberi et al., 
2008); antioxidants, for example, Gallic and caffeic acid 
reduce AF production via expression reduction or 
inhibition of some AF pathway genes such as aflD (nor-1) 
(Mahoney and Molyneux, 2004). Kim et al. (2008) 
announced the down-regulation of the most genes in AF 
biosynthesis due to caffeic acid treatment using microarray 
technique. Reverberi et al. (2008) also used glucans from 
Lentinulaedodes to induce the antioxidant enzymes which 
subsequently caused to delay in aflR transcription as well 
as AF cluster genes. Several studies conducted different 
genes assigned in aflatoxin biosynthesis, for example, The 
nor-1(aflD), apa-2, and omt-1 (omtA) genes by Shapira et 
al. (1996), The omt-1, nor-1, and ver-1 genes individually 
(Färber et al., 1997) and aflR, aflJ, and omtB genes 
(Rahimi et al., 2008). 

The objective of this study was to investigate the aflR, 
aflS, and aflD genes profile in aflatoxigenic and non-
aflatoxigenic isolates of the A. flavus using genomic DNA 
as a template by traditional PCR and assay the potential of 
gallic acid in aflatoxin suppression through down 
regulation of aflR, aflS, and aflD using Rti-PCR technique  

2. Materials and Methods 

2.1. Culture Conditions and Fungal Strains 

Five strains of A. flavus isolated from contaminated 
food, used in this study, were friendly provided from the 
toxicology department, National Research Centre, Egypt. 
About 103 spores A. flavus were inoculated into 250 mL 
Erlenmeyer flasks containing 50 mL Potato dextrose broth 
(PDB), cultured for three days at 28OC, 200 rpm incubator 
(thermoscientific, UK) and Potato dextrose agar (PDA 
Difco) at 28OC for three for further analysis. 

2.2.  Aflatoxin Analysis Using High Performance Liquid 
Chromatography (HPLC) 

A total of 103 A. flavus spores were inoculated on PDB 
medium and cultured at 28oC, 200 rpm incubator 
(thermoscientific, UK) for three days. Aflatoxin was 
extracted from 50 mL culture medium for each sample by 
high performance liquid chromatography according to (Yu 
et al., 2004 and Salim et al., 2019).  

2.3. Investigation the effect of gallic acid on aflatoxin 
production and colony diameter 

A. flavus isolate 5 (the highest aflatoxin producer) was 
cultured on both PDB for aflatoxin analysis, and PDA 

media for measurement of colony diameter, supplemented 
with a concentration of 1% gallic acid (w/v), for three days 
at 28oC, but only, 200 rpm shaking conditions in case of 
PDB (treatment) in parallel with media without gallic acid 
(control).   

2.4. Isolation, Molecular Detection and Sequencing of 
aflR, aflS and aflD Genes 

2.4.1. Extraction of Genomic DNA from Aspergillus flavus 
Isolates 

One strain of aflatoxigenic and another of non-
aflatoxigenic A. flavus strains were separately grown on 
a100 mL conical flask ((Pyrex, USA) containing 20 ml 
PDB without 1% (w/v) GA, (control) and with GA 
(treatment). Incubation was at 28 

◦
C for 3-7 days. About 

100 mg mycelium was scraped off and used for genomic 
DNA extraction as follows: it was ground to a fine powder 
with liquid nitrogen, fine powder was subsequently put 
into a 1.5 mL sterile Eppendorf. Plant Genomic DNA 
Miniprep Kit (QIAamp DNA Mini Kit, QIAGEN, 
Germany) was used to extract DNA. DNA was used as a 
template for PCR amplification of aflR, aflS, and aflD for 
both aflatoxigenic and non-aflatoxigenic isolates. 
2.4.2. Primer Design and PCR Optimization 

Simultaneously, based on 
(http://frodo.wi.mit.edu/primer3/), all primers used for 
detection, and sequencing of aflatoxin genes were 
developed using NCBI reference sequences. These primers 
are listed in Table 1. The primers were synthesized by 
HVD life sciences GMBH, Germany.  Genomic DNA of 
A. flavus, as a template, was conducted with GeneAmp 
PCR system (PerkinElmer, Norwalk, Connecticut, USA). 
According to the method described by Ausubel et al. 
(1990), amplification was carried out in a 50 μl reaction 
mixture using a PCR master mix kit (Qiagen, Germany). 
The following program was used: 94oC for 3 min as initial 
denaturation step, 35 cycles start with 94oC for 30 sec for 
denaturation, 55oC for 30 sec for annealing and 72°C for 
30 sec for extension, finally, an extension step at 72oC for 
10 min. The PCR products were separated on 1% agarose 
gel using TAE buffer 1X (pH = 8.3) and run at 80 V for 45 
min, the bands were isolated and purified after agarose gel 
electrophoresis using a gel extraction kit (Qiagen, 
Germany). Purified gene fragments were sent to (Clinilab, 
colors lab, Egypt) for sequencing. The obtained sequences 
were compared to other known sequences found in 
Genbank database via the Blast program 
(http://www.ncbi.nlm.nih.gov/BLAST/). 
Table1.The primers used in PCR amplification of aflR, aflS, and 
aflD 

primers Sequence (5´ →3´ )  
NCBI 
reference 
sequence 

AFLR _F GGATGAGGAAGACCAGCCGC 
AY650938 

AFLR _R CCTGTCATCTGCTCCTGGCG 
AFLS _F GGCCGAAGATTCCGCTTGGA 

FN398168 
AFLS _R GAGCGAGGGCAACAACCAGT 
AFLD_F CTGACGGCGTACGGAGTGTC 

MH280091 
AFLD_R GAGCACAGATGCCTGCCACA 
Notes  : ((AFLR _F and AFLR _R, are forward and reverse 
primers for aflR PCR amplification, AFLS _F and AFLS _R, are 
forward and reverse primers for aflS PCR amplification, and 

http://www.ncbi.nlm.nih.gov/BLAST/
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AFLD _F and AFLD _R, are forward and reverse primers for aflD 
PCR amplification) . 

The obtained Sequences were translated to amino acids 
using https://web.expasy.org/translate/. Deduced protein 
sequences of all genes were aligned using CLUSTAL 
multiple sequence alignment using MUSCLE 3.8 analysis 
according to Thompson et al. (1994). 
2.4.3. Isolation of Total RNA  

Total RNA was isolated from GA untreated 
aflatoxigenic A. flavus (control) and GA treated one 
(treatment) by following the manufacturer’s instructions of 
standard TRIzol® Reagent extraction method (cat#15596-
026, Invitrogen, Germany). Purity assessment of total 
RNA was done by the 260/280 nm ratio between 1.8 and 
2.1(https://www.agilent.com/cs/library/applications). 
Additionally, visualization of 28S and 18S bands was used 
to assure RNA integrity via formaldehyde-containing 
agarose gel electrophoresis. For reverse transcription (RT), 
Aliquots of RNA were used immediately (Mahrous et al., 
2020). 
2.4.4. Reverse Transcription (RT) Reaction and cDNA 
Synthesis    

According to the manufacturer’s instructions of 
RevertAidTM First Strand cDNA Synthesis Kit (MBI 
Fermentas, Germany), RNA isolated control and treated 
samples were reverse transcribed into cDNA in a total 
volume of 20 µl. The thermocycler (Biometra GmbH, 
Göttingen, Germany) was used for carrying out the RT 
reaction at 25°C for 10 min, followed by 1 h at 42 °C, and 
the reaction was stopped by heating for 5 min at 99 °C. 
Then, the reaction tubes were flash-cooled in an ice 
chamber until getting used for DNA amplification via 
qRT-PCR .   
2.4.5. Quantitative Real Time-Polymerase Chain Reaction 
(qRT-PCR) 

StepOne™ Real-Time PCR System from Applied 
Biosystems (Thermo Fisher Scientific, Waltham, MA 
USA) was used to determine the control and treated 
samples of fungal genes transcripts. Sequencing results of 
different genes were used to design gene specific primers, 
for qPCR by using the Primer3 program 
(http://frodo.wi.mit.edu/cgi-bin/primer3/ 
primer3_www.cgi). PCR reactions were set up in 25µL 
reaction mixtures containing 12.5 µL 1× SYBR® Premix 

ExTaqTM (TaKaRa, Biotech. Co. Ltd.), 0.5 µL of  0.2 µM 
sense primer, 0.5 µL of 0.2 µM antisense primer, 6.5 µL 
distilled water, and 5 µL of cDNA template.  

The reaction program was allocated to 3 steps. Firstly, 
it started at 95.0°C for 3 min. Secondly, 40 cycles in which 
each cycle divided to 3 steps: (a) at 95.0°C for 15 sec; (b) 
at 55.0°C for 30 sec; and (c) at 72.0°C for 30 sec. thirdly, 
71 cycles started at 60.0°C and every 10 sec, it increased 
about 0.5°C until reach to 95.0°C. Each experiment 
included a distilled water control. GAPDH (housekeeping 
gene) was used as a control gene for differences in total 
cDNA input between samples. To check the quality of the 
used primers, a melting curve analysis was performed at 
95.0° at the end of each qRT-PCR. We were careful to 
make three replicates for each experiment. The relative 
amount of the genes of interest was calculated according to 
the method described by Ruijter et al. (2009). 

2.5. Statistical Analysis  
All the wet-lab experiments were conducted in 

triplicate. The data were subjected to analysis of variance 
and Duncan's multiple rang test was used to differentiate 
means at 5% (Duncan, 1955). The error bars in all figures 
indicate the standard error of the mean. 

3. Results 

3.1.  Identification of Aflatoxin production Using High 
Performance Liquid Chromatography (HPLC) in A. 
flavus 

Direct extraction of aflatoxins from A. flavus cultures 
filtrates via chloroform and subsequent analysis by 
(HPLC), enables us to identify of AFB1, and AFB2 from 
three A. flavus isolates. The total AF of these strains are 
reported in (table 2) as follows; isolate 1 (11.17 ug/ml), 
isolate 2 (26.65 ug/ml), and isolate5 (34.97 ug/ml). The 
concentrations of aflatoxin (ug/ml) were calculated in 
three replicates of cultures average for every isolate and 
expressed as mean ± SEM (Standard Error of the Mean). 
Simultaneously, these toxins were not detected in isolate 3 
and isolate 4. In this research, Isolate 5, as aflatoxigenic 
and isolate 3 as non-aflatoxigenic samples were taken as 
examples to elucidate the molecular differences on the 
level of aflR, aflS, and aflD genes in both of them and 
investigate the effect of GA on aflatoxin biosynthesis in A. 
flavus strain no.5. 

Table 2. Aflatoxins production from Aspergillus flavus isolates 

Fungal isolates sample name Production of 
mycotoxins 

Mycotoxins types Mycotoxin production 
ug/ml 

Total Mycotoxins 
production ug/ml 

A. flavus 
 
 

isolate 1 + 
+ 

AFB1, AFB2 8.63± 2.1 
2.54± 0.56  

11.17 

isolate 2 +  
+ 

AFB1, AFB2 18.22±3.2 
8.43±1.7 

26.65 

isolate 3 - -- ND ND 
isolate 4 - -- ND ND 
isolate 5 
 

+ 
+ 

AFB1, AFB2 23.30±3.12 
11.67± 2.54 

34.97 

ND: Not Detectable, +: present, -:  not present 
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3.2. Molecular Identification and Sequencing of aflR, 
aflS and aflD in Aflatoxigenic and non-Aflatoxigenic A. 
flavus isolates 

Interestingly, unexpected results were observed, 
whereas AFLR _F and AFLR_R   specific primers 
succeeded in aflR amplification at ~320 bp in both 
aflatoxigenic and non-aflatoxigenic A. flavus isolates 
figure (1a), the same situation occurred in aflS, ~550 bp 
using AFLS _F and AFLS_R specific primers figure (1b), 

and aflD, ~420 bp using AFLD _F and AFLD_R specific 
primers figure (1c) using genomic DNA as a template. 

These amplified bands were isolated, purified from 
agarose gel, and subjected to nucleotide sequencing. The 
amplified regions of the isolated genes using the 
previously mentioned primers showed no differences in 
nucleotides sequences in the case of aflatoxigenic and non-
aflatoxigenic isolates. Nucleotide sequences of genes were 
submitted to (https://www.ncbi.nlm.nih.gov/) and took 
accession numbers LC537158, MW055253, and 
LC537157 for aflR, aflS and aflD, respectively.  

 
a 

 
b 

 
C 

Figure 1. Agarose gel electrophoresis of PCR amplification (a): aflR, ~320 bp in aflatoxigenic isolate 5 (lane1) and non-aflatoxigenic isolate 
3 (lane 2). (b): aflS, ~550 bp in aflatoxigenic isolate 5 (lane 1) and non-aflatoxigenic isolate 3 (lane 2). (c): aflD, 420 bp in non-aflatoxigenic 
isolate 3 (lane 1) and aflatoxigenic isolate 5 (lane 2) 

CLUSTAL multiple sequence alignment 
(https://www.ebi.ac.uk/Tools/msa/) was used to align the 
deduced protein sequences of the isolated genes. Figure (2) 
showed that deduced protein sequence of aflR (our isolated 
gene) that consists of 86 amino acids, had 98.8%, and 
100.0% identity in 86 residues overlap With AFLR 
deduced amino acids sequence accession numbers, 
AAM02997 and AAM02991, respectively, while figure (3) 

illustrated 94.7% and 96.5% identity between aflS (our 
isolated gene) and that of AFLS accession numbers 
FN398166 and AF077975, respectively. Identity of 
100.0% and 90.6% were detected in 138 residues overlap 
between aflD (in this study) and that of AFLD accession 
numbers AXG50934 and CAZ61375 as shown in Figure 
(4)

Figure2. Alignment of deduced amino acid sequences of the AFLR accession no. BCD52745, AFLR, Accession no. AAM02991 and AFLR, 
Accession no. AAM02997 

 
Figure 3.Alignment of deduced amino acid sequences of the AFLS (under submission), AFLS, Accession no. FN398166 and AFLS, 
Accession no. AF077975 
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Figure 4. Alignment of deduced amino acid sequences of the aflD gene accession no. BCD52744, AFLD, Accession no. AXG50934 and 
AFLD, Accession no. CAZ61375. 

3.2.1. Effect of GA on Growth of Aflatoxigenic A. flavus 
and Aflatoxin Production  

Treatment of A. flavus strain no. 5, as the highest 
aflatoxin producer, with 1% (w/v) GA caused colony 
diameter reduction, besides the decrease in the formation 
of spores after three days of cultivation figure (5A) as 
compared with its growth on PDA medium not containing 
GA figure (5B). Simultaneously, production of aflatoxin in 
PDB Medium containing GA with 1% concentration (w/v) 
was significantly reduced from 34.97 ug/ml to 8.12 ug/ml 
as follow; AFB1yield decreased from 23.30 to 6.09 and 
that of AFB2 reduced from 11.67 to 2.03 (figure 6). We 
concluded that AF production was directly proportional to 
colony diameter in A. flavus, i.e. GA affected the growth 
and AF production negatively. 

 

 
Figure 5. The effect of gallic acid on A. flavus growth, A: Growth 
of A. flavus on PDA containing 1% gallic acid (treatment). B: 
Growth of A. flavus on PDA (control) at 28 °C after three days. 

Figure 6. The effect of gallic acid on aflatoxin production from A. 
flavus isolates 5 in PDB containing 1% gallic acid (treated) 
compared with control at 28 °C after three days . 

3.2.2.  Analysis the Effect of GA on aflR, aflS and aflD 
Expression in Aflatoxigenic A. flavus using qRT-PCR 

The increase in genes expression required for AF 
biosynthesis mainly depending on aflR transcription, 
supports the hypothesis that for AF-pathway induction, 
AFLR as transcription regulator is important, therefore, the 
blocking of undesirable AF production through designing 
approaches such as utilization of antioxidant substances 
requires understanding the mechanisms that are being 
followed by environmental and physiological factors and 
its effect on aflR transcription. From figure (7), expression 
analysis for transcripts of genes (aflR, aflS and aflD) in 1% 
gallic acid-treated aflatoxigenic A. flavus strain no. 5 
indicated that these transcripts expression have to correlate 
GA treatment. Interestingly, all three assigned genes 
expressions significantly down regulated due to GA 

treatment of concentration of 1% (w/v). 
Figure 7. The effect of gallic acid on aflR, aflS and aflD 
expression in aflatoxigenic A. flavus using qRT-PCR 

4. Discussion 

Many Egyptian researchers directed their efforts for 
exploring the fungal contamination and their role in 
aflatoxin production in Egyptian crops. El-Shanshoury et 
al, (2014) investigated A. flavus in soybean, peanut seeds, 
wheat maize, and rice. As mentioned in the result section, 
the metabolic profile of mycotoxins in the aflatoxigenic A. 
flavus strains was similar to that reported in the study 
conducted by Rank et al, (2012), they announced the 
production of only B-types in A. flavus. Interestingly, the 
metabolism of mycotoxigenic fungi and its molecular 
genetics study is a good strategy to deal with mycotoxin 
contamination in crops (El-Kad and Youssef, 1993). It is 
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of interest to discover and understand the genetic 
differences between aflatoxigenic and non-aflatoxigenic 
strains. This conclusion has been employed to direct these 
differences to control aflatoxin biosynthesis. In this study, 
traditional PCR technique was used to investigate the 
presence of three genes; the first is aflR, which is 
considered as an indicator for aflatoxin production in A. 
flavus and its homolog in A. parasiticus (apaR) that 
regulate aflatoxin biosynthesis (Woloshuk et al., 1994).  
Its role is to control nor-1 and ver-1 genes expression (Yu 
et al., 2004). These genes are sufficient to stimulate 
transcription of early, mid, and late AF pathway 
biosynthesis genes. The second is aflS that positively 
regulates biosynthesis of AFB2 and the third gene is aflD, 
(formally, nor-1) as an important structure gene in 
aflatoxin cluster genes encodes norsolorinic acid reductase 
to convert norsolorinic acid to averantin (Payne et al., 
1993). To connect the presence of aflR, aflS, and aflD 
genes profiles in aflatoxigenic and non-aflatoxigenic, a 
single set of PCR primers was used to detect these genes 
and reliably succeed in amplification of these genes in 
aflatoxigenic and non-aflatoxigenic A. flavus strains. These 
conflicting results can be explained as follows: specific 
mutation may occur in aflR , and resulted in malfunction 
gene and subsequently failure in aflatoxin production in 
non-aflatoxigenic isolates even though in the presence of 
functional copies of aflD and aflS. In a similar study 
conducted by Bok and Keller, (2004), they investigated 
and explained the block in omtA (a structural gene in AF 
biosynthesis expression in A. flavus although presence of 
AFLR, a protein encoded by aflR as follows: the presence 
of specific mutation in aflR resulted in nonfunctional 
AFLR, therefore, omtA expression did not take place. 
However, Liu and Chu, (1998) explained this phenomenon 
by the presence of a mutation in DNA binding site in omtA 
gene caused to not producing omtA mRNA. Similar 
nucleotide sequences of detected genes between aflatoxin 
producing and nonproducing strains told no information 
about the characterization of these genes. Consequently, 
this research concluded that successful PCR amplification 
of aflatoxin genes should not be considered as a proof of 
aflatoxin synthesis due to undetected mutation external to 
the amplicon sequence that subsequently caused cryptic 
and not expressed genes. The study conducted by 
Patterson (2006), demonstrated that the aflR gene may be 
present in a number of non-aflatoxigenic and functions for 
conserved regulation of aflatoxin precursors. Twelve 
strains of A. flavus were investigated by Shapira et al. 
(1996), nine of them were non-aflatoxin producers in 
which some genes involved AF biosynthesis were 
successfully PCR amplified in varying band patterns; 
however, only three strains were aflatoxin producers in 
which the expected amplicon bands were produced. From 
the previous notifications, the presence of un-expressed 
genes in non-aflatoxigenic strains may be explained by the 
occurrence of non-functional gene products due to base-
pair substitution mutations.  

Our attempts were directed to inhibit the AF production 
by reducing the oxidative stress using antioxidant such as 
Gallic acid which proved its efficiency in diminishing of 
AF production in GA treated A. flavus isolate. In order to 
gain insight into the mechanism by which GA inhibits 
aflatoxin synthesis, we employed qRT-PCR to assess the 
expression of aflS, aflR, and aflD. Down regulation of 

these genes in GA treated sample as compared with 
untreated one explain the reason of diminishing of 
aflatoxin production. Mahoney and Molyneux, (2004) 
illustrated the role of GA in the inhibition of expression of 
several genes in AF pathway such as aflM (ver-1). Another 
study was conducted by Zhao et al, (2018) , they used 
gallic acid as an antioxidant agent to reduce aflatoxin 
production. Addition of gallic acid in different doses 
(0.5%, 0.8%, and 1%) slightly inhibited aflatoxin and 
growth of A. flavus; they showed the inhibition of AF by 
0.8% of GA on farB gene encodes a factor for 
transcription of β-oxidation of peroxisomal fatty acid 
which contributes in AF biosynthesis. Another gene, creA, 
the carbon repression regulator encoding gene and 
necessary for aflatoxin biosynthesis, was also inhibited by 
GA treatment. Total inhibition for AF by gallic acid 
treatment was through the control of polyketide synthase 
(fatty acid synthase) required for the formation of 
norsolorinic acid, the first intermediate in the biosynthesis 
pathway of aflatoxin. It is striking that we noticed 
incompatibility between our results and the results of Zhao 
et al, (2018) in terms of the effect of GA on the expression 
of aflR and aflS, gallic acid concentration of 0.8% (w/v) 
inhibited nearly all the genes of aflatoxin except aflR and 
aflS. 

In our research, taking these results together, we 
proposed that the down regulation of aflR as a master gene 
in AF regulation may result in down regulation of other 
genes such as aflS and aflD; this explanation is agreed with 
Cotty (2006) who acknowledged that introduction of an 
additional correct copy of the aflR compensates for the 
disrupted one in A. flavus and caused the transcription of 
AF biosynthesis structural genes and aflatoxin 
intermediates production. Clevstrom et al. (1983) also 
studied the inhibition of the biosynthesis of AF caused by 
aflR transcription delay as well as other cluster genes of 
AF by induction anti-oxidant enzymes via b-glucans from 
Lentinulaedodes. The previously reported studies, besides 
our research, proved the potential of gallic acid in 
biosynthesis inhibition of aflatoxin in A. flavus through the 
expression modulating of aflR, aflS and aflD. 

5. Conclusion 

Successful PCR amplification of specific genes such as 
aflR, aflS, and aflD should not be considered evidence of 
biosynthesis of aflatoxin due to the lack of gene expression 
as a result of cryptic form and undetected mutation outside 
to the amplicon sequence and this conclusion explained 
presence of aflR, aflS, and aflD genes in aflatoxigenic and 
non-aflatoxigenic A. flavus isolates by traditional PCR 
using genomic DNA as a template. In addition, upon 
finding that GA as antioxidant, it was used to effectively 
suppress aflatoxin synthesis. Interestingly, qRT-PCR, a 
potential tool was employed to investigate the effects of 
GA on the transcription of aflatoxin genes, aflR, aflS, and 
aflD, as these genes were down-regulated. 

Acknowledgment  

The authors thank the National Research Centre at 
Dokki, Cairo, Egypt for laboratory assistance. 



 © 2021 Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4 715 

References 

Ausubel FM, Brent R, Kingston RE, Moore DD, Seidman JG, 
Smith JA and Kevin  S.1990. Current Protocols in Molecular 
Biology. In: the polymerase chain  reaction Mullis KB, 
Ferre F,  Gibbsditors RA (eds.) 

Bhatnagar D, McCormick SP, Lee LS and Hill RA. 1987. 
Identification of O- methylsterigmatocystin as aflatoxin Bi and 
Gl precursor in Aspergillus  parasiticus. Appl Environ. 
Microbiol., 53:1028-1033. 

Bok JW and Keller NP. 2004. LaeA, a Regulator of Secondary 
Metabolism in Aspergillus spp. Eukaryot Cell, 3: 527-535 

CalvoAM, Bok J, Brooks W and Keller NP. 2004. VeA is 
required for toxin and sclerotial production in Aspergillus 
parasiticus. Appl Environ Microbiol., 70: 4733–4739. 

Carbone I, Ramirez-Prado JH, Jakobek JL and Horn BW. 2007. 
Gene duplication,  modularity and adaptation in the evolution 
of the aflatoxin gene cluster. BMC EvolBiol, 7: 111. 

Chang PK. 2004. Lack of interaction between AflR and AflJ 
contributes to non-aflatoxigenicity of Aspergillus sojae. J 
Biotechnol., 107: 245–253. 

Clevstrom G, Ljunggren H, Tegelstrom S and Tideman K. 1983. 
Production of aflatoxin by an Aspergillus flavus isolate cultured 
under a limited oxygen supply. Appl Environ Microbiol., 46: 400–
405. 

Cotty PJ, Barug D, Bhatnagar D, van-Egmond HP, van der Kamp 
JW, van Osenbruggen WA and Visconti A. 2006. Bio competitive 
exclusion of toxigenic fungi. In the Mycotoxin Factbook, Eds, 
Wageningen Academic Publishers: Wageningen, The 
Netherlands: 400p. 

Desjardins AE and Proctor RH. 2007. Molecular biology of 
Fusarium mycotoxins. Int J Food Microbiol., 119: 47–50. 

Du W, O’brian GR and Payne GA. 2007. Function and regulation 
of aflJ in the accumulation of aflatoxin early pathway 
intermediate in Aspergillus flavus. Food Addit Contam., 24: 1043–
1050. 

Duncan DB. 1955. Multiple ranges and multiple F test. 
Biometrics., 11:11–24 

Ehrlich KC, Yu J and Cotty PJ. 2005. Aflatoxin biosynthesis gene 
clusters and flanking regions. J Appl Microbiol., 99: 518–527. 

El-Kady IA and Youssef MS. 1993.Survey of mycoflora and 
mycotoxins in Egyptian soybean seeds. J Basic Microbiol., 33: 
371–378. 

El-Shanshoury AR, El-Sabbagh SM, Emara HA and Saba HE. 
2014. Occurrence  of moulds, toxicogenic capability of 
Aspergillus flavus and levels of  aflatoxins in maize, wheat, rice 
and peanut from markets in central delta  provinces, Egypt. Int 
J Curr Microbiol App Sci., 3: 852–865. 

Färber P, Geisen R and Holzapfel W. 1997.Detection of 
aflatoxigenic fungi in figs by a PCR reaction.Int J Food 
Microbiol., 36: 215–220. 

Giorni P, Magan N., Pietri A, Bertuzzi T and Battilani P. 2007. 
Studies on  Aspergillus section Flavi isolated from maize in 
northern Italy. Int J Food Microbiol., 113: 330–338. 

Jelinek CF, Pohland AE and  Wood GE. 1989. Review of 
mycotoxin in food and feeds-an update. J Assoc Anal Chem.,72: 
223-230. 

Kim JH, Yu J, Mahoney N, Chan KL and Molyneux RJ. 2008. 
Elucidation of the functional genomics of antioxidant-based 
inhibition of aflatoxin biosynthesis. Int J Food Microbiol., 122: 
49–60. 

Lee JW, Roze LV and Linz JE. 2007. Evidence that a 
wortmannin-sensitive signal transduction pathway regulates 
aflatoxin biosynthesis. Mycologia., 99: 562–568. 

Liu B and Chu F. 1998. Regulation of aflR and its product, AflRS, 
associated with aflatoxin biosynthesis. Appl Environ Microbiol., 
64: 3718–3723. 

Mahoney N and Molyneux RJ. 2004. Phytochemical inhibition of 
aflatoxigenicityin Aspergillus flavus by constituents of walnut 
(Juglansregia). J Agric Food Chem., 52: 1882–1889. 

Mahrous KF, Abd El – Kader HA, Mabrouk DM, Aboelenin MM, 
Osman NM, Khalil WK and  Hassanane MS. 2020. Molecular 
characterization and expression analysis of hepc1 and hepc2 in 
three tilapia species collected from Lake Manzala. Bulletin of the 
National Research Centre., 44: 1-13. 

Meyers DM, O’brian G, Du WL, Bhatnagar D and Payne GA. 
1998. Characterization of aflJ, a gene required for conversion of 
pathway intermediates to aflatoxin. Appl Environ Microbiol., 64: 
3713–3717. 

Nesbitt BF, O’Kelly J, Sargeant K and Sheridan A. 
1962.Aspergillus flavus and  turkey X disease, toxic 
metabolites of Aspergillus flavus. Nature., 195: 1062–1063. 

O’Brian GR, Georgianna DR, Wilkinson JR, Yu J, Abbas HK, 
Cleveland D,Bhatnagar TE, Nierman W and Payne GA. 2007.The 
effect of elevated temperature on gene transcription and aflatoxin 
biosynthesis. Mycologia., 99: 232–239. 

Patterson R. 2006. Identification and quantification of 
mycotoxigenic fungi by PCR. Process Biochemistry., 41: 1467–
1474. 

Payne G, Nystorm G, Bhatnagar D, Cleveland T and Woloshuk C. 
1993. Cloning  of the afl-2 gene involved in aflatoxin 
biosynthesis from Aspergillus flavus. Appl  Environ Microbiol., 
59: 156–162. 

Price MS. 2005. Classical and modern genetic approaches reveal 
new gene associations with aflatoxin biosynthesis in Aspergillus 
parasiticus and A. flavus. Ph.D. Thesis. 

Rahimi KP, Sharifnabi B and Bahar M. 2008. Detection of 
aflatoxin in Aspergillus species isolated from pistachio in Iran.  J 
Pathol., 156: 15–20. 

Rank C, Klejnstrup ML, Petersen LM, Kildgaard S, Frisvad JC, 
Gotfredsen HC  and Ostenfeld LT. 2012. Comparative 
Chemistry of Aspergillus oryzae (RIB40) and A. flavus (NRRL 
3357). Metabolites., 2: 39–56. 

Reverberi M, Zjalic S, Ricelli A, Punelli F and Camera E. 2008. 
Modulation of antioxidant defence in Aspergillus parasiticus is 
involved in aflatoxin biosynthesis: a role for ApyapA gene. 
Eukaryot Cel.,l 25: 25. 

Ruijter JM, Ramakers C, Hoogaars WM, Karlen Y, Bakker O, 
Hoff MJ and Moorman AF. 2009. Amplification efficiency: 
linking baseline and bias in the analysis of quantitative PCR data. 
Nucleic Acids Res., 37:45. 

Salim RG ,  Aly SE ,  Abo-Sereh NA , Hathout AS and  Sabry 
BA. 2019. Molecular identification and Inter-Simple Sequence 
Repeat (ISSR) differentiation of toxigenic Aspergillus Strains. 
Jordan J Biol Sci., 12:609-616 

Shapira R, Paster N, Eyal O, Menasherov M, Mett A and Salamon 
R. 1996. Detection of aflatoxigenic molds in grains by PCR. Appl 
and Environmen Microbiol., 62: 3270–3273. 

Thompson JD, Higgins DG and Gibson TJ. 1994. CLUSTAL W: 
improving the sensitivity of progressive multiple sequence 
alignment through sequence weighting, position-specific gap 
penalties and weight matrix choice. Nucleic acids res., 22: 4673–
4680. 



 © 2021 Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4 716 

Todd RB and Andrianopoulos A. 1997. Evolution of a fungal 
regulatory gene family: the Zn (II)2Cys6 binuclear cluster DNA 
binding motif. Fungal Genet Biol., 21: 388–405. 

Woloshuk CP, Foutz KR, Brewer JF, Bhatnagar D, Cleveland TE 
and Payne GA. 1994. Molecular characterization of aflR, a 
regulatory locus for aflatoxin  biosynthesis. Appl Environ 
Microbiol., 60: 2408– 24014. 

Yan S, Liang Y, Zhang J and Liu CM. 2012.Aspergillus flavus 
grown in peptone  as the carbon source exhibits spore density- 
and peptone concentration-dependent aflatoxin biosynthesis. BMC 
Microbiol., 12: 106-112. 

Yu JH, Bhatnagar D and Cleveland TE. 2004. Completed 
sequence of aflatoxin pathway gene cluster in Aspergillus 
parasiticus. FEBS Lett., 564: 126–130. 

Yu JH and Ehrlich KC. 2002. Aflatoxin biosynthesis.Rev Iberoam 
Micol., 19: 191–200.  

Yu JH, Butchko RA, Fernandes M, Keller NP, Leonard TJ and 
Adams TH. 1996. Conservation of structure and function of the 
aflatoxin regulatory gene aflR from Aspergillus nidulans and A. 
flavus. Curr Genet., 29: 549–555. 

Zhao X, Qing-Qing Z,  Jie-Ying L, Nancy P, Keller ID and Zhu 
MH. 2018. The Antioxidant Gallic Acid Inhibits Aflatoxin 
Formation in Aspergillus flavus by Modulating Transcription 
Factors FarB and CreA .Toxin., 10: 2-17. 

 

 



 © 2021 Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4 717 

Appendix 

Cycle
50494847464544434241403938373635343332313029282726252423222120191817161514131211109876543210

Fl
uo

re
sc

en
ce

 (n
or

m
)

2100

2000
1900

1800

1700

1600
1500

1400

1300

1200

1100
1000

900

800

700
600

500

400

300
200

100

0

-100

Threshold: 300 (Adjusted manually)
Baseline settings: automatic, Drift correction OFF  

The linear and log amplification curves representing the Ct values of aflR gene. 
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Abstract 

   The study investigated the incidence of mycobiota,   Aspergillus spp metabolites and aflatoxin biosynthesis precursors in 
60 samples of seeds and haulms of improved groundnut genotypes in Nigeria. Culturing of the infected seeds was done using 
the agar plate method and mycobiota identification was done using conventional cultural and microscopy method. The 
occurrence of Aspergillus toxins, and aflatoxin biosynthesis precursors were evaluated using liquid chromatography-mass 
spectrometry (LC- MS/MS).   Three identified species and four unidentified species of fungi were isolated from the seeds 
with Aspergillus niger (47.19%) and A. flavus (17.82%) having higher incidence more than others. The seed samples from 
ICGX 86024 and ICGX 01276   had the highest and lowest fungal incidence respectively.  No aflatoxin B1, ochratoxin A or 
fumonisins were detected in the seeds and haulms samples of the improved groundnut despite the incidence of A. flavus.  
Fifteen  fungal metabolites were found including eight Aspergillus metabolites and seven aflatoxin biosynthesis precursors.  
From our result, STC which is involved in  flatoxin biosynthesis pathway was below limit of detection  and thus aflatoxin 
formation in the groundnuts might be interrupted. This report is foremost in elucidating the aflatoxins biosynthesis 
precursors in seeds and haulms of improved groundnut varieties in Northern Nigeria. 

  Keywords: Aflatoxin precursors,  Aspergillus metabolites, groundnut, haulm, seeds, incidence, mycobiota. 
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1. Introduction 

Groundnut (Arachis hypogaea L.) is a valuable oilseed 
and food legume crop in the savannah and semi-arid 
regions of the world. It is a commercial crop for  local  
markets  as  well  as  for  export  in  many   developed and 
developing countries (Guchi, 2015a). Major groundnut 
producing areas in Nigeria are in the Central, Eastern and 
Western Northern zones (Ntare, 2007; Ifeji et al., 2014; 
Vabi et al., 2018). The production of quality marketable 
seeds especially from local varieties and some improved 
ones are constrained by Aspergillus species (Guchi, 
2015b). The fungus often causes quantitative losses and 
produces highly poisonous chemical substances called 
aflatoxins. Aflatoxins are produced by  Aspergillus species 
which are soil-borne fungi that occur Worldwide 
(Granados-Chinchilla, 2017; Gruber-Dorninger et al, 
2017).    

  In an attempt to improve groundnut v 
 
 
arieties for resistance against fungal foliar diseases and 

aflatoxins, breeding techniques and recombinant DNA 
technology are now employed (Dwivedi 2003; Bhatnagar-
Mathur, 2015). The International Crops Research Institute 

for the Semi-Arid Tropics (ICRISAT) in West Africa has 
bred and released groundnut varieties that are high 
yielding in terms of the pods and fodders and also free of 
aflatoxins. 

Though some improved groundnut cultivars were bred 
to resist aflatogenic fungi and aflatoxins formation by the 
crop breeders, there are several other minor mycotoxins or 
metabolites that could be produced in their seeds or in the 
haulms.  There is however paucity of multi-mycotoxin 
research-based on such roughages within animal feed 
chain in developing countries like Nigeria.  This 
investigation was therefore carried out to determine the 
incidence of mycobiota, the profile of Aspergillus 
metabolites and aflatoxin biosynthesis precursors in the 
seeds and haulms of improved groundnut varieties in 
Nigeria using multi-mycotoxins LC-MS/MS. The study 
has risk assessment significance and also gives plausible 
explanation to how improved groundnut varieties with the 
presence of Aspergillus flavus resist aflatoxin biosynthesis.   

2. Materials and Methods  

2.1. Experimental field  

The experimental groundnut varieties were grown on  
farmers` participatory lines trial   at location T19, Institute 
of Agricultural  Research (IAR) Experimental  Field, 
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Ahmadu Bello University, Samaru Zaria, Kaduna State, 
Nigeria (Long. 7o 38' and 7o 50'E and Lat.11o 01' and 11 
10'N ) with altitude of 686m above sea level under rain-fed 
conditions in the Northern Guinea Savannah of Nigeria.  
The mean daily air temperature of the area during the 
planting season was 24.3oC, while the mean annual rainfall 
was 1201 mm. The soil texture of the field  was sandy 
loam  and with a  mean soil pH of 5.5.  The unit plot size 
was 5m x 3m, and they were laid out in a randomized 
complete block design (RCBD) with each treatment 
replicated thrice. The plant spacing was  30 cm and 15 cm 
while plot to plot and replication to replication distance 
was 0.5 and 1.0 m, respectively. Total area of the farm was 
17m x 37m i.e. 629m2.  The seeds of eight groundnut 
genotype (Short duration - ICGV-IS 07999, ICGV 94379 
and ICGV 86024; Medium duration - ICGV 01276, ICGV-
IS-09992, ICGX 24, ICGV-1S-09926 and  ICGV 08540) 
were collected from International Crops Research Institute 
for the Semi-Arid Tropics (ICRISAT). Also seeds of two 
local checks – medium-maturing SAMNUT 22 and early-
maturing SAMNUT 24 collected from IAR&T were all 
sown on the flat at the mean depth of 3.5 cm on the 3rd 
week of July, 2018. Each of the plots was applied with 
basal dose of 20:40:20 NPK fertilizer at 400 kg ha-1.  

2.2. Sample collection 

The haulms of each groundnut variety from each plot 
were separately collected and properly packed in 
polystyrene  bags and then labelled accordingly. Harvested 
dried unshelled samples were collected in brown 
envelopes from the farm store in IAR, Samaru, before 
being transferred to and kept in the Mycotoxin and 
Pesticidal Residue laboratory of Department of Crop 
Protection, ABU, Zaria. Prior to commencing laboratory 
analysis procedures on the samples which was within a 
month of harvest, they were stored at 4o C to prevent 
further fungal growth and metabolite production within the 
samples (Garcia-Cela et al.,  2020). Each sample was 
divided into two portions. The samples from one portion 
were used for mycological  analysis. The second portion 
was separately packed in zip lock and  transported in to 
University of Natural Resources and Life Sciences Vienna 
(BOKU), Tulln, Austria for  multi-mycotoxins analysis. 

   Identification of fungal species using Agar plate 
method. The Potato Dextrose Agar (PDA) was prepared 
following the method of Giorni et al., 2019. It was then 
autoclaved, allowed to cool and poured aseptically in the 
Petri dishes.   When the PDA was  about to gel,  four seeds 
from each groundnut genotypes  were  aseptically plated in 
the Petri dishes. The experimental design was complete 
randomized design and replicated 4 times. The individual 
colony of fungi species growing on the agar was examined 
after seven days of plating. The identification of fungi was 
carried out  based on the colony characters and 
morphology of the fungus under  stereoscopic microscope 
and by referring to the production of food-borne fungi 
manual (Joanne et al., 2008). 

2.3.  Analysis of mycotoxin 

2.3.1. Reagents 

Liquid chromatographic grade of methanol 
(CH3COOH) and acetonitrile were purchased from Merck 
(Germany) and VWR (Belgium) respectively. The Mass 
Spectrometry grade ammonium acetate and standards for 

fungi metabolite were brought from Sigma-Aldrich 
(Austria). Decontamination of water was carried out 
consecutively through reverse osmotic pressure and ultra 
analytic system was purchased from Veolia water (UK). A 
total of 34 working solutions were made and kept at -20 oC 
in the refrigerator (Labcold®, FKvsl 4113, Fishers 
Scientific, UK)  but were brought to 25 oC before use. 
Fresh final working solution was mixed accordingly for 
the spiking experiment. 

2.4. Groundnut Extraction 

Each grain and haulm samples were milled using a 
cyclone pulverizer which has one millimetre square  sieve 
(Cyclotech, Sweden) before being homogenized. Five 
grams each were measured into the centrifuge tube (0.05 L 
polypropylene).  Twenty millilitres of the separation 
solvent (acetic acid/water/acetonitrile 1:20:79, v/v/v) were 
added before being vortexed using laboratory rotary shaker 
(Model GFL 3017, Germany).  Ratio of the dilution of the 
sample with the solvent was 1:1  and  5 millilitres of the 
dilution obtained from the extract was shot into the LC-
MS/MS. 

2.5. LC-MS/MS Parameters 

Analysis of  the extracts was achieved with a QTrap 
5500 multimycotoxin LC-MS/MS system (Applied 
Biosystem, California, United State of America) furnished 
with Turbolon spray ESI source and High Performance 
Liquid Chromatography (Agilent, Germany). Other liquid 
chromatography/Mass Spectrometry protocols applied for 
chromatographic separation, identifying analytes that are 
positive, quantification of  liquid standard identification 
were as described by Malachova et al., 2015. The method 
precision was tested through proficiency testing organized 
by Bureau Interprofessionel des Etudes Analytique 
(BIPEA) (Gennevilliers, France) in accordance with ISO 
13525:2015. All the 60 results of the  groundnut were 
between -2< x < 2 which was a satisfactory range. 

Maximum  and  median concentration (μgkg-1) of 
toxins  and metabolites were determined  from the data 
collected for each of the samples analysed. The fungi 
isolated from the seeds of the improved groundnut 
varieties were tabulated based on their  species. The mean 
percentage of seeds infected with fungi per treatment were 
separated with Tukey's test at 5% level of probability.    

3. Results 

3.1. Mycobiota load in the groundnut seeds 
The three Aspergillus species detected in the groundnut 

seed samples were Aspergillus niger, A. flavus and A. 
fumigatus (Table 1, Figures 1 and 2). Other four genera 
observed were Penicillium spp, Rhizopus spp, Fusarium 
spp and Sclerotium spp as shown in Table 1.  The 
percentage of SAMNUT 22 (100%), SAMNUT 24 
(96.67%), ICGV-1S-09992 (96.67%) and ICGV 94379 
(100%) seeds infected with fungi were significantly higher 
(p ≤ 0.05) than other varieties. There were total of 303 
fungal isolates recovered from all samples, out of which 
143 (47.19%) and 54 (17.82%) were A. niger and A. flavus 
respectively. The seed samples from ICGX 86024 and 
ICGX 01276   had the highest and lowest total fungal 
incidence respectively.  
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Table 1. Incidence of fungi isolated from culture plate of seeds of improved groundnut varieties at 5 Days After Inoculation 

*Means with the same alphabet(s) within the column are not significantly different from one another using Tukey's test at 5 % probability 
level.  

Macroscopic observation of A. fumigatus showed blue 
grayish coloured ((Figure1, A1) and orange coloured in 
reverse also with powdery texture and wrinkle in reverse 
(B1).The colony morphology of A. niger observed reveals 
a black colour colony on the top (A2) and sulphur-yellow 
colonies on the reverse (B2). Downy and powdery textured 
and grow fast within 2 to 4 days.  A. flavus colony was 

white and yellowish green on the surface and powdery on 
the surface of the colony (A3);  it was also pale yellow 
with downy texture on the base on reverse (B3). The 
mycelia grew filled the plate within 5 to 6 days. 

The microscopic features of the three identified 
Aspergillus species is as shown in Figures 2 and Table 2.

 

S/No Variety 

/genotype 

% of 
infected 
seeds 

Incidence of fungal genera and species 

Aspergillus 
niger 

A. 
flavus 

A. 
fumigatus 

Fusarium 
sp. 

Rhizopus sp. Sclerotium 

sp. 

Penicillium 
sp. 

Total fungi 
incidence 

1 SAMNUT  22 100e* 18 10 0 1 0 0 0 29 

2 SAMNUT 24 96.67e 10 8 0 8 6 6 0 38 

3 ICGV-1S-09992 96.67e 20 9 0 1 1 0 0 31 

4 ICGX 24 46.67a 7 2 0 3 12 0 1 25 

5 ICGX 86024 100e 19 8 0 7 0 2 0 36 

6 ICGV -1S-09926 93.33d 10 5 0 0 0 17 0 32 

7 ICGV 01276 83.33b 12 0 0 7 0 0 0 19 

8 ICGV 07999 90.00c 3 1 0 0 4 22 0 30 

9 ICGV SM-08540 93.33d 23 4  1 0 2 2 0 32 

10 ICGV 94379 100e 21 7 0 2 0 0 0 30 

 Total (%)  143 

(47.2) 

54 

(17.8) 

1 

(0.003) 

29 

(9.6) 

25 

(8.3) 

49 

(16.2) 

1 

(0.003) 

302 

(100) 

A. fumigatus A. niger A. flavus 

 
A1 

 
A2 

A3 

Plate A.     Colony features  (Front surface) 

 
B1 

 
B2 

 
B3 

Plate B. Reverse surface 

A. fumigatus A. niger A. flavus 
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Figure 2.  Microscopic features of the three identified Aspergillus species. Conidial heads (C1-C3) and conidia - x400 (D1-D3) 

Table 2.  Microscopic characteristics  of the identified  Aspergillus spp isolates 

Fungus Microscopic features 

Aspergillus 
species 

Size 

(µm) 
Stipes colour Surface Vesicle 

serration 
Vessicle size  Metula 

covering 
Shape Conidia surface 

A. flavus 400-800 
Pale brown 
roughened 

Quietly 
spherical 

Biserate 30 - 40 μm) 2/3 Glubose ellipsoid 
Smooth finely 
roughened 

A. niger 400-3000 Slighlty brown 
Smooth 
walled 

Biserate, large 
size 

15.45 -20.45μm entirely Glubose 
Very rough, 
irregular 

A. fumigatus 200 -400 Grayish near ape 
Smooth 
walled 

Uniserate, 
pyriform 

15.45 - 20.45μm Upper2/3 
Globose, small in 
columns 

Smooth or 
spinose 

3.2. Occurrence of fungal toxins and metabolites in 
groundnut seeds and haulms  

 Major mycotoxins such as aflatoxin B1, ochratoxin A, 
fumonisin B1, fumonisin B2, fumonisin B3, fumonisin B4, 
fumonisin B6 were below the limit of detection by LC-
MS/MS analyser in all the seeds and haulms of the ten 
groundnut genotypes investigated. The occurrence of 8 
emerging Aspergillus toxins, sterigmatocystin (STC) and 
other six biosynthesis precursors were detected in the 
groundnut and haulm samples. In addition, a bacterial 
toxin; monactin (0.017 μg kg-1)   was detected in the haulm 
of variety ICGV-1509926 (Tables 3 and 4).  The only  
bacterial toxin detected was  monactin  found  in the haulm 
of variety ICGV-1509926 with a low median 
concentration of 0.017 μg kg-1.   

No Aspergillus toxin and metabolites were detected in 
the seeds of ICGV-IS-09992 and ICGV-IS-09926. Also, 
no toxins and metabolites were detected in the haulms of 
ICGV-IS-09992.   The seeds of ICGV-85024 had the 
highest co-occurrence of  seven out of eight  Aspergillus 
emerging toxins and metabolites, while in the haulms, the 

highest co-occurrence  of  six  metabolites was  found in 
ICGV-1S-09926.  Lower occurrence and concentration of 
Aspergillus toxins and metabolites were detected in the 
seeds of ICGV-01276, ICGV-SM 08540, SAMNUT 22 
and SAMNUT 24 varieties than in their haulms (Table 3).   

 High median concentration of 3-Nitropriopinic acid  
(2716.3 μg kg-1)  was detected in  the  in seeds of  ICGV-
94379. Also, highest median concentration of 3-
Nitropropanoic acid (3716 μg kg-1) was detected in the 
haulms of the ICGV-94379 genotype. 

Only the seeds of ICGV- IS-09926 had all the seven 
aflatoxin biosynthesis precursors including STC (Table 4).   
The median concentration level of STC in the seeds of 
ICGV-1S-09926 had a maximum concentration of 2.6 μg 
kg-1 with a median of 0.87 μgkg-1.  The result also 
revealed that that 7 out of the 10 groundnut varieties’ seeds 
were   contaminated with versicolorin A, versicolorin C, 
and averufin (Table 3), but none of the aflatoxin 
biosynthesis  precursors  was detected in  the haulms of 
ICGV- 07999, ICGV-24, ICGV-1S-09926, ICGV-85024. 

  
C1.  

  
C2  

     
C3  

Conidial heads (frutiting bodies) 

 
D1  

 
D2  

 
D3  

Conidia (x 400) 

Phialides 

Conidium 

Vessicle 

Conidiophore 
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Table 3. Maximum and median concentration (μg kg-1)* of Aspergillus metabolites in groundnut seeds and haulms 

Groundnut 
genotype/ 
Aspergillus 
metabolite 

ICGV- 
07999 

ICGV- 

24 

ICGV- 

01276 
ICGV-1S-
09926 

ICGV-
1S 
09992 

ICGV-85024 
ICGV- 

94379 
ICGV-SM 
08540 

SAMNUT 

22 

SAMNUT 

24 

Sd Hlm Sd Hlm Sd Hlm Sd Hlm Sd Hlm Sd Hlm Sd Hlm Sd Hlm Sd Hlm Sd Hlm 

3-Nitropropionic 
acid 

0.4 
(0.1) 

1.0 
(0.6) 

0.3 
(0.1) 

- - - - - - - 
0.3 

(0.1) 
- 

8149       
(2716) 

8279   
(3716) 

- 
0.4 
(0.14) 

- - - - 

gragillin  - - - -  - 
5533 
(1844) 

- - - - - - - 
7279 
(2426) 

- - - - 

Malformin A - - - - - 
0.04 
(0.01) 

- 
0.07 
(0.02) 

- - 
0.01    
(0.003) 

- - 
5.7 

(1.8) 
- - - - - - 

Malformin C - - - - - - - 
0.02 
(0.02) 

- - 
0.03 
(0.01) 

- - 
0.4 
(0.14) 

- - - - - - 

Kojic acid(KJ) - - 
5.2    
(1.7) 

7.5 
(3.2) 

- - - 
4.6 
(1.5) 

- - 
6.7 
(2.2) 

- 
8149 
(2716) 

1889 
(630) 

- 
6.6 

 (2.2) 
- - - 

6.1 

(2) 

Methyl funicone - - 
0.7 
(0.2) 

0.1 
(0.01) 

- 
0.2 
(0.07) 

- 
0.8 
(0.3) 

- - 
0.3 
(0.1) 

- - . - 
1.16 
(0.4) 

- 
0.04 
(0.01) 

- 
0.5 
(0.2) 

Emericellamide A - - -. - 
1516 
(505) 

1670 
(605) 

- 
1156 
(385) 

- - 
2272 
(757) 

- 
2.03 
(0.7) 

4.6   
(0.2) 

2748     
(978) 

2948  
(998) 

2663 
(888) 

2863 
(890) 

5642 
(1881 
) 

6642  
(2881 
) 

Sydowinin A  - - 
1.21 
(0.3) 

- - - - - - 
1.13 
(0.4) 

- - - - - - - - - 

- = < limits of detection; sd = seed; hlm= haulm 
    

Table 4. Maximum and median concentration (μg kg-1) of sterigmatocystin (STC) and other aflatoxin biosynthesis  precursors in groundnut 
seeds and haulms 

=  < limits of detection; sd = seed; hlm= haulm; ( ) = median concentration 

4. Discussion 

Several Aspergillus strains, their metabolites and 
aflatoxin biosynthesis precursors have been isolated from 
groundnut seeds and in feeds of ruminants such as cattle 
feed (Ranjbar et al., 2011) and dairy goat feed from Brazil 
(da Silva et al., 2015).  Ruminant animals are often fed 
with groundnut haulms as roughages in order to contribute 
energy and nutrients to their diet (Granados-Chinchilla, 
2017). Aspergillus species and aflatoxins have been found 
to be associated with the silages of corn and sorghum 
(Alonso et al., 2013). Thus studies concerning safety of 
animals and humans that consume groundnut and/or their 
haulms should not be neglected.  

  Some   isolated fungi from Jordan Deseret leaves and 
fruits were identified  as Aspergillus, Alternaria, Rhizopus, 
Penicillium and Fusarium at the genus level  by using 
macroscopic and microscopic examinations depending on 
colony colour, shape, hyphae, conidia, conidiophores and 

arrangement of spores (Alsohaili
 
and Bani-Hasan, 2017)  

as was carried out in this study. They further molecularly 
identified the isolated fungi at species level as the 
extracted fungal DNA was amplified by PCR using 
specific internal transcribed spacer primer (ITS1/ITS4).  

A. niger had the highest incidence  (47.20%) of  fungal 
species isolated from the seeds in this study.  It is  reported 
that there are up to145 different secondary metabolites 
isolated and detected from  A. niger  (Nielson et al., 2009). 
These include intricate compounds such as naptho-γ-
pyrones,  nigragillin, ochratoxin A and  fumonisin B2.   A. 
flavus with the second highest incidence (17.8%) is 
popularly known for being a producer of carcinogenic 
aflatoxins. About 46 secondary metabolites have been 
identified in A. flavus, and these non-regulated fungal 
metabolites include  3-NPA, aflatrem, cyclopionic acid 
aflavorin, aflavozole, aflavine, aspergillic acid, 
cladosporin, aspergillic acid, cladosporin and gliotoxin  
(Adetunji et al., 2014; Cary et al., 2018). Other toxic 
regulated compound produced by A. flavus is kojic acid 

G/nut genotype ICGV- 
07999 

ICGV-24 ICGV-
01276 

ICGV-1S-
09926 

ICGV-1S-
09992 

ICGV-85024 ICGV-94379 ICGV-SM 
08540 

SAMNUT22 SAMNUT24 

Sd Hlm Sd Hlm Sd Hlm Sd Hlm Sd Hlm Sd Hlm Sd Hlm Sd Hlm Sd Hlm Sd Hlm 

Sterigmatocystin - - - - - - 2.6   
(0.87) 

- - - - - - - - - - - - - 

Nidurufin 6.4 
(2.1) 

- 21.9 
(1.0) 

- 2.1 
(0.8) 

1.13 
(0.38 

23.88 
(7.96) 

- 0.03 
(0.1) 

14.14  
(4.7) 

6.8 
 (2.3) 

- 0.04 
(0.01) 

68.3 
(22.8) 

- 17.38 
(5.75) 

- 3.33 
(1.1) 

- 47.15 
(16) 

Versicolorin A 9.6     
(3.2) 

- 37.8 
(13) 

- 2.3 
(0.8) 

1.26 
(0.4) 

30.55 
(10.2) 

- 0.10 
(0.33) 

16.0  
(5.30) 

8.5(2.8) - 4.4 
(1.7) 

74.6 (25) - 15.1 
(5.02) 

- 3.6 (1.2) - 48.3 
(16.1) 

Versicolorin C 26.1 
(8.7) 

- 91.8   
(30.6) 

- 4.8 
(1.5) 

3.7 
(1.23) 

84.3 
(28.1) 

- 0.19   
(0.1) 

51.99 
(13.97) 

25.4 
(8.5) 

- 5.4 
(2.1) 

213(70.9) - 56.49 
(18.9) 

- 10.1 
(3.4) 

- 160 
(53.3) 

Averantin 0.4 
(0.15) 

- 1.6 
(0.5) 

- 0.9 
(0.4) 

0.07 
(0.02 

1.66 
(0.5) 

- -. 1.1 
(0.4) 

0.4 
(0.13) 

- - 3.56 (1.2) - 0.7 
(0.2) 

- 0.19(0.1) - 2.9 (0.9) 

Averufin 3.4        
(1.14) 

- 13.4 
(4.5) 

- 1.6 
(0.9) 

0.44 
(0.13) 

12.61  
(4.2) 

- 0.08 
(0.03) 

9.11 
 (3.4) 

3.29 
(1.1) 

- 0.05 
(0.03) 

25.4 (8.5) - 7.3 
(2.41) 

- 1.5 
(0.03) 

- 25.1 
(8.4) 

Norsolorinic 
acid 

0.85 
(0.3) 

- 4.14   
(1.4) 

- - - 4.37 
(1.4) 

- - 2.8 
 (0.95) 

1.15 
(0.4) 

-  10.3 (3.8) - 1.7 
(0.57) 

- 0.5 
(0.17) 

- 8.1 (2.7) 
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which is implicated as a  neurological poison and 
mitochondrial toxin (Ahuja, 2008). 

The incidence of Sclerotium spp  in the samples was 
16.2%. Amber et al.  (2012) reported that phenolic acids 
were detected by HPLC analysis of secondary metabolites 
in the fungus  isolated from chickpea.  They observed  that 
this metabolite is responsible for  severe collar rot 
infection in chickpea. The incidence of Fusarium spp  in 
the sampled seeds was 9.6%.  Nesic et al. (2014) identified 
10 species of Fusarium and the mycotoxins produced by 
each of them.  F. culmorum  is known to be a producer of 
up to 10 mycotoxins which include fusarins, moniliformin, 
trichothecenes and  zearalenone.  Other Fusaria such as F. 
graminearum, F. sporotrichioides, F. crookwellense and 
F. acuminatum  can produce up to eight mycotoxins each, 
while F. equiseti and F. proliferatum  can produce six 
each,   F. verticillioides  - 4, F. armeniacum -3 and F. 
pseudograminearum - 2 (Berthiller et al. (2013).  

 The merits  of LC-MS/MS based analytical method  
used in this study include  allowing the sensitive 
concurrent  determination of several  fungal metabolites in 
many matrices (Sulyok et al., 2010; Berthiller et al., 2015; 
Malachova et al., 2018).  LC-MS could  tremendously 
assist  in the discovery of recently  produced mycotoxins 
(Varga, 2015), as well as hidden (Berthiller, 2013) or other 
altered  forms (Rychlik, 2014) of mycotoxins in crop 
produce like groundnut.  

Major mycotoxins like aflatoxin  and their precursors 
were below level of detection in  almost all the groundnut 
varieties investigated in this study. This  is unlike other 
several previous studies on the natural occurrence of 
aflatoxins in groundnut  samples from other countries. 
From the samples of  stored peanut kernels  collected from 
four different  areas in Sudan,  Bakhiet et al. (2011) using 
TLC techniques,  reported  AFB1 concentration ranges of 
17.57 - 404 μg kg-1. 

Eight Aspergillus metabolites in groundnut seeds and 
haulms were detected in this study.  Nigragillin  and 
Malformin C are being produced by A. niger (Burdock et 
al., 2001),   Malformin A are produced by  A. ficuum, A. 
awamori and A. phoenicis while Emericellamide A are 
produced by A. nidulans and  Sydowinin A by A. 
sydowinin and A. versicolor.  Kojic acid is known to be 
produced by A. flavus and A. oryzae,  3- NPA  on the other 
hand is produced by A. wentii,  A. niger and A. oryzae.  

STC was not found in nine out of the 10 improved 
groundnuts varieties understudied.   Out of the 10 analysed 
improved groundnut varieties, STC was only found in the 
seeds of ICGV-1S-09926 at low median concentration of  
0.87 μg kg-1. Sterigmatocystin  is normally produced by A. 
flavus, A. nidulans, A. parasiticus and mainly  A. 
versicolor (Versilovskis and De Saeger, 2010). It was 
reported to often occur where grains and cereal-based food 
are contaminated with aflatoxigenic fungi (Rank, 2011). 

   The outcome of this study suggested that the STC 
(and thus the aflatoxin) pathway is interrupted in the 
improved groundnut genotypes; thus, such genotypes 
where not able to produce aflatoxin. Chang et al., (2005) 
similarly reported that absence of interplay between aflR 
and aflJ contributes to non-aflatoxigenicity of A. 
sojae. They also reported a sequence stopping points in the 
aflatoxin biosynthesis gene cluster and flanking zones in 
non-aflatoxigenic A. flavus isolates. The non-occurrence of 
aflatoxins in most of the improved groundnut varieties 

indicated that the use of breeding for resistance could be a 
better intervention needed in the mitigation of mycotoxin 
contamination in crops. This is, however, in addition to 
using cultural practice such as pre-and post-harvest 
managements, and chemical control methods.    

STC is one of the precursors of aflatoxin B1 and G1 as 
indicated  in a  AF biosynthesis pathway  as described by 
Jallow, 2015.  Apart from STC being an aflatoxin 
precursor, it  is with toxicity second to AFB1 (Gao 
et al., 2015). The  aflatoxin pathway  really  requires  the 
presence of  STC  which often forms O- 
methylsterigmatocystin (OMST) with the help of O-
methyltransferase. OMST could then be converted to 
AFB1& AFG1 with the presence of cytochrome P-450 
monooxygenase encoded by ord-1 (Audebert et al., 2014; 
Bertuzzi et al., 2017; Wartu et al., 2017). 

5. Conclusion 

In this study identification of the fungal isolates up to 
species was impossible due to non- involvement of 
molecular characterization techniques. The producing 
fungus of some of the fungal metabolites detected could 
not be identified. Thus, molecular identification of fungi in 
further studies on this subject is necessary in future studies  

The analysis indicated that there was no major 
mycotoxin detected in all the seeds and haulms of the ten 
groundnut genotypes despite the presence of Aspergillus 
spp. The improved groundnut varieties might have been 
bred to resist aflatoxin production, and thus were below 
detectable level.  Planting of such improved varieties with 
good crop management practices can help reduce aflatoxin 
and other major mycotoxins contamination in groundnut 
before storage.  In most of the groundnuts analysed, there 
were incidences of contamination of some minor 
mycotoxins and metabolites in the seeds more than their 
haulms.  

The non-occurrence of aflatoxins in most of the 
improved groundnut varieties indicated that the use of 
breeding for resistance could be a better intervention 
needed in the mitigation of mycotoxin contamination in 
crops. This is, however, in addition to using cultural 
practice such as pre-and post-harvest managements, and 
chemical control methods.   This report is believed to be 
the first in elucidating the aflatoxins biosynthesis 
precursors in seeds and haulms of improved groundnut 
varieties in Northern Nigeria. The result could serve as 
base information for groundnut breeders to produce a 
broad spectrum of mycotoxin-resistant groundnut.  
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Abstract 

Opsin proteins are classically seven transmembrane receptor proteins which detect light. The present investigation describes 
the stereoscopic structure of the apoprotein Opsin by online structure determining tools using the crystallographic structure 
of Rhodopsin from Bos taurus as the template. The modeled structure was validated and checked through validated data 
tools for stereochemical quality of a protein structure, ProSa and the square root of the mean square deviation between the 
templates and the predicted structure was calculated using PyMol. It was found that the chromophores, 11-cis retinal and 11-
cis 3, 4-didehydroretinal was covalently docked with apoprotein which gives the structures of Rhodopsin and Porphyropsin 
respectively. Due to its close homology to the human rhodopsin (accession P08100), zebra fish rhodopsin may serve as an 
excellent model for study of human diseases in future. This article represents the test of structure/function relationship of 
apoprotein opsin in this ornamental aquarium fish and provides a foundation for future work exploring cellular and 
molecular pathways of photoreception in retinal development and disease models.  
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1. Introduction 

Studies have shown the use of visual pigments by 
representatives of almost all the vertebrates, where visual 
pigments are Rhodopsin and Porphyropsin. Both rod visual 
pigments contain the same apoprotein Opsin; however, 
they are covalently linked to different groups. Rhodopsin 
binds 11-cis-retinal, whereas Porphyropsin is linked to 11-
cis 3, 4-didehydroretinal (La Franco et al., 2018; Ganong 
2005). These pigments possess various spectral 
characteristics like maximum absorbance and absorbency 
index (Marschall, et al., 2012). The absorption maxima of 
Rhodopsin are nearly 500 nm, whereas Porphyropsin is in 
the range of 520 – 535 nm. It has been found that the 
visual pigments may vary in response to light, temperature, 
and other environmental stimuli (Korenyak and 
Govardovskii, 2013).  

Studies suggest that certain fish retinas comprise a 
visual purple pigment rather than the contemporary 
Rhodopsin of red - color which was confirmed 
spectrophotometrically (Enright et al., 2015).  Similar 
studies suggested that Porphyropsin a purple rod-pigment, 
is a characteristic of freshwater fishes, whereas the red rod 
visual pigment, Rhodopsin is characteristic of terrestrial 
craniate and most of the Sea fishes. It has also been found 
that many freshwater fishes have Porphyropsin and/or 

admixtures of Rhodopsin and Porphyrins (Corush., 2019; 
Toyama et al., 2008, Ochuko et. al., 2014). 

The organism Danio rerio was selected for the current 
investigation as its visual system shares high similarities 
with other vertebrates (Gestri et al., 2012; Golsmith and 
Harris 2003). Preliminary studies on D. rerio suggested 
that it possesses only Rhodopsin as visual pigment 
(Morrow and Chang 2015, Cameron 2002; Chinen et.al., 
2003), whereas in a later study it has been confirmed that 
they have a paired visual system involving both Rhodopsin 
and Porphyropsin (Allison et.al., 2004).  

In the present scenario, computational method such as 
homology modeling has been used to bridge the gap 
between sequence information and structures.   The current 
investigation represents 3D models of Rhodopsin and 
Porphyropsin by homology modeling and docking 
methods for D. rerio which can be used to study the 
biochemical mechanism underlying the working of both 
the visual pigments. 

2. Materials and Methods 

2.1. Protein sequence analysis  

Protein sequence analysis including, physicochemical 
parameters, molecular weight, sum of cationic and anionic 
residues, theoretical isoelectric point (pI), absorbency 
index (Porterfield and Zlotnick, 2010), aliphatic index 
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(Sahay and Shakya, 2010),  Grand Average hydropathy 
(GRAVY) (Wanyonyi et.al., 2011), half-life (Sharma 
et.al., 2014) and instability index (Gamage et.al., 2019) 
was calculated using the Expasy's ProtParam prediction 
server (Gasteiger et al., 2003). 

2.2. Prediction of the three-dimensional structure 

The protein sequence of the apoprotein from the 
organism D. rerio was obtained from the UniProt database 
(accession number: P35359). The sequence was analyzed 
using the G protein coupled receptor- Sequence-structure-
feature-extractor (GPCR –SSFE) database (Worth et. al., 
2011). Further, a protein BLAST was also carried out 
(Altschul et.al., 1990). After obtaining the template, 
homology modeling was carried out using MODELLER 
9v8 software. It makes use of a command interpreter for 
designing stereochemical structures of proteins along with 
their confounders by consummation of spatial restraints 
(Sali and Blundell 1993). The reliability of the model was 
analyzed by three (3) ways: (i) PROCHECK (Laskowski 
et.al., 1993), (ii) by calculation of the RMSD (root mean 
square deviation) between the template and the predicted 
structure using PyMol (version 1.8, Schrödinger, Inc, 
USA), and (iii) using ProSa (Wiederstein and Sippl 2007). 

2.3. Covalent docking  

The receptor and the ligand structures were prepared 
with Glide and Prime. The Protein Preparation Wizard was 
used for preparing the receptor, and LigPrep was used for 
preparing the ligands (Reddy and Vanga 2017). A 
maximum of 10 poses per ligand are established and are 
subject to minimization of post-docking. The apoprotein 
Opsin is covalently bonded to 11-cis-retinal and 11-cis 3, 
4-didehydroretinal to form structures of Rhodopsin and 
Porphyropsin respectively. Covalent docking to the 
nitrogen of Lysine 296 was performed using the Prime 
module of Schrodinger. The covalent docking facility 
allows the selection of the attachment point to the receptor 
and the possible attachment point on the ligand and then 
runs a prime loop prediction to find all feasible poses for 
the ligand.   

3. Results and Discussion 

In the current study, the sequence of Opsin from D. 
rerio has been repossessed from the UniProt database. The 
predicted physiochemical characteristic of Opsin showed 
that the protein has a molecular weight of 39.7064 kDa. 
Opsin has 20 (Arg + Lys) amino acid composition of 
positively charged and 22 (Asp + Glu) residues that are 
negatively charged. This also correlates with more number 
of negatively charged residues present in Opsin. The 
coefficient extinction of Opsin at 280 nm is 69175 M-1 cm-

1 in lieu of the concentration of amino acids Phenylalanine, 
Trptophan and Tyrosine. It has been well established that 
for a protein is stable if the measured instability index is 
smaller than 40 and corresponding value above 40 foresees 
that the protein may be virtually unstable (Sahay and 
Shakya, 2010). The instability index of Opsin was found to 
be 46.09, which indicate that the protein is unstable in 
vitro. The aliphatic index for the protein sequence was 
found to be 85.90, which indicated thermo stability 
(Ashokan et. al., 2010). The GRAVY value computed for 
carotenoid binding protein was 0.457.  Molecular 
orientation using Ramachandran plot showed the modelled 

structure ha most of the residues (88.6%) in the fully 
allowed region, 11.1% in the additionally allowed region, 
0.3% in the generously allowed region and nothing in the 
prohibited region. 

3.1. Assessment of the three-dimensional structure 

The sequence of the apoprotein from D. rerio was 
analyzed by the GPCR – SSFE database. Current result 
suggests the structure of Rhodopsin from organism Bos 
taurus (Protein data bank, PDB ID -1U19) as the template 
for the query sequence. The reasons for the selection of the 
template are presented in table 1. 
Table 1. Reasons for the selection of the template 

Helix Template  Sequence 
Similarity 

Reason for template choice 

TMH1 1U19 89.7 Has Pro in same position 
TMH2 1U19 100.0 Has Gly-Gly motif in same 

position 
TMH3 1U19 91.4 No insertion or 2nd disulphide 

bridge and the highest sequence 
similarity to suggested template 

TMH4 1U19 92.0 No second disulphide bridge 
between TMH3 and ECL2, no 
insertion and highest sequence 
similarity to suggested template 

TMH5 1U19 96.3 No intra-ECL2 disulphide bridge, 
no disulphide bridge between 
ECL1-ECL2, no sequence 
similarity to the TMH5 extension 
of sRHO 

TMH6 1U19 100.0 No disulphide bridge between 
TMH6 and ECL3, no sequence 
similarity to the TMH6 helix 
extension of sRHO and highest 
sequence similarity to suggested 
template 

TMH7 1U19 95.8 Has insertion and highest 
sequence similarity to suggested 
template 

Helix 
8 

1U19 100.0 Highest sequence similarity to 
suggested template 

Further the sequence of amino acid for the apoprotein 
was also compared with the known structured sequence 
using PDB BLAST (Altschul et.al., 1990). The result 
signifies that the co-crystallized structure of Rhodopsin 
from organism Bos taurus (PDB ID-1U19) had the best 
sequence identity (83%) and had no gaps. After many 
rounds of loop refinement, an optimum structure was 
obtained (Fig 1). The arrangement of the phi and psi 
angles for the amino acid residues was presented in Fig. 2 
A (Table 2). The percentage of phi and psi angles in the 
favorably allowed region was 88.6% and none of the 
residues was located in the prohibited region. The 
considered mean square root deviation among the intended 
model and template structure was found to be 0.213Å (Fig. 
2 D). The Z-scores of the model and the template were -
3.5 and -4.11 validated the quality of the model. 
Comparative study of the model and the guided structure 
shows similar profiles, as seen in Fig. 2B, C. 
Table 2 . Ramachandran plot statistics for the 3D model of 
rhodopsin, calculated using PROCHECK 

Residues in most favoured regions 88.6% 
Residues in additional allowed regions 11.1% 
Residues in generously allowed regions 0.3% 
Residues in disallowed regions 0.0% 
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Figure 1.Using Bos taurus sequence as the template, the 3D model was built using MODELLER. Extensive loop refinements were carried 
out as it was found through the Ramachandran plot that residues in the loops were present in the disallowed region. Thus, after many rounds 
of loop refinement an optimum structure was obtained. In the image, blue represents the template and orange represents the structure of 
rhodopsin. 

 

 
Plate 2. A. Ramachandran plot for the modeled structure of apoprotein from organism D. rerio. Red color represents most favored region. 
Additional allowed, generously allowed and disallowed regions are represented by yellow, light yellow and white colors respectively.  
 B. and C: The plot contains the Z-scores of all experimentally determined protein chains in the current PDB that have been solved by either 
X-ray diffraction or NMR. The plot is used to check whether the Z-score of the 3D structure is within the range of scores typically found for 
native proteins of a similar size. The Z-score of −4.11 and -3.5 (fig: 2 B and 2 C respectively) represents the overall quality of the template 
structure and the target respectively. 

3.2. Covalent docking 
Covalent docking was performed using the prime 

Schrodinger. Apoprotein opsin is covalently attached to 
the chomatophore 11 cis retinal to obtain the structure of 
rhodhopsin and in porphyrosin, 11 cis 3,4, di-

dehydroretinol is the chromatophore that is attached to the 
apoprotein.  In Rhodopsin and Porphyropsin, the 
chromophores are covalently attached to opsin through the 
nitrogen of Lysine 296 (Fig 3 A and Fig 3 B). On 
comparing the residues that are involved in the binding of 



 © 2021  Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4 730 

11-cis-retinal and 11-cis 3, 4-didehydroretinal, residues 
like Glutamic acid 113, Alanine 117, Threonine 118, 
Glycine 121, Glutamic acid 122, Serine 186, Cysteine 187, 
Tyrosine 191, Methionine 207, Histidine 211, 
Phenylalanine 212, Phenylalanine 261, Trptophan 265, 
Tyrosine 268, Alanine 269, Alanine 292, Lysine 296 were 
found to be common (Fig. 3 C, D). Out of all these 
residues, lysine 296 is covalently attached and rests are 
encompassed in hydrophobic interactions with both the 
chromophores. The alignment of the template and the 
covalently docked structures (Rhodopsin and 
Porphyropsin) were checked and confirmed. It was found 

that the chromophores were bound in a similar fashion as 
that in the template (Fig 3 E, F). The considered RMSD 
between Rhodopsin and the template was found to be 
0.299 Å and the root mean square deviation between 
Porphyropsin and the model template was 0.302 Å.  The 
backbone atoms were considered for these calculations. 
These results indicate great similarity of the structure with 
that of the template and can be used for further analysis. It 
is also important to mention that zebra fish rhodopsin 
shares ~80.4% homology to the human rhodopsin 
(accession P08100). Therefore, it may serve as an 
excellent model for the study of human diseases. 

   

  

  

  
Figure 3. A, B Covalent binding of the chromophore 11-cis-retinal and 11-cis 3, 4-didehydroretinal to apoprotein Opsin through nitrogen of 
lysine 296 to obtain structures of rhodopsin and porphyropsin respectively. C and  D show the amino acids that are involved in the binding 
of the chromophores, 11-cis-retinal and 11-cis 3, 4-didehydroretinal in rhodopsin and porphyropsin respectively. E The image of 
superimposed template and rhodopsin generated using PyMol.  In the image, blue represents the template and orange represents the structure 
of rhodopsin.  It can be observed that the 11-cis-retinal aligns in a similar fashion as in the template. F The image of superimposed template 
and porphyropsin   generated using PyMol.  In the image, blue represents the template and yellow represents the structure of porphyropsin.  
It can be observed that the 11-cis 3, 4-didehydroretinal aligns in a similar fashion as that of retinal in the template. 
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Figure 4.  Sequence alignment of retinol binding proteins belonging to Lipocalin family. The residues showing 100% conservation are 
highlighted.

4.   Conclusion 

The physiochemical characteristics provided in depth 
perception about the nature of the apoprotein. Validation 
and evaluation of 3-D structure of the apoprotein show that 
the projected model is reliable and is reasonable at the 
present level of theory. Covalent docking of chromophores 
11-cis-retinal and 11-cis 3, 4-didehydroretinal to lysine 
296 resulted in the structures of Rhodopsin and 
Porphyropsin respectively. The predicted 3D structures 
and the residues involved in the binding of ligand can be 
used for guiding structural site-directed mutagenesis 
investigation. The structures may be used further to predict 
the key residues in the active site of the enzyme. Further, it 
can be used in understanding the structure – function 
relationships, and subsequently gain insight into its 
catalytic mechanism.  
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Abstract 

Staphylococcus aureus (SA) plays a significant role in numerous serious life-threatening infections that present a major 
challenge to public health in controlling it, especially those resistant to methicillin (MR) known as (MRSA). These 
pathogens have resistance to other classes of antimicrobial agents including aminoglycoside molecules which mostly resist it 
through three types of medically significant enzymes: APH (3’)-III, ANT (4’)-I and (6’)/APH(2”). In this paper, seventy-two 
MRAS were isolated from different lesions from Al-Diwaniya teaching hospital, and Maternity and Children teaching 
hospital, during the period from January to July 2018. Disc diffusion method, minimum inhibitory concentration(MIC), and 
bactericidal (MBC) were carried out to MRAS strains subjected to phenotype and genotype identification as well as to detect 
AMEs genes. Susceptibility of 29 drugs of MRAS strains was: 100% susceptible to vancomycin and chloramphenicol, but 
100% resistant to penicillin, cefoxitin, ceftriaxone, aztreonam, and nitrofurantoin. Thus, a (72.2%) of MRAS were found to 
be either MDR or XDR including 20 aminoglycoside resistant (AR) strains. Multiple antibiotic resistance (MAR) index of a 
total of 20(100%)AR strains were recorded high values>0.2 ranged(0.48-0.83) from the maximum MAR index:1. Moreover, 
MIC and MBC values of vancomycin, for S. aureus, ranged from 2 μg/mL to 8 μg/mL. Phenotype resistance of MRSA 
strains to aminoglycoside molecules was: kanamycin 20(27.8%)tobramycin 18(25%); gentamicin 16(22.2%);amikacin 
14(19.4%); and netilmicin 8(11.1%). PCR analysis led to all 100% MRSA caring for the mecA gene. Frequency of genes 
encoding aminoglycosides resistance aac(6’)/aph (2”);80%, aph (3’)-IIIa;45%, and ant (4’)-Ia; 35%. The aac(6’)/aph (2”) 
and ant (4’)-Ia genes was the only determinant of resistance in 5 and 1 strains respectively. Correlation between MRSA-AR 
strains and AMEs genes was 90%. In conclusion, MRSA strains harbouring the mecA gene are currently widely distributed 
in the Al-Diwaniya governorate. Co-production with AMEs may increase the risk of the spreading of multiple drug 
resistance clinical strains in communities and hospitals. 

Keywords: MRSA, MDR, XDR, MAR, mecA gene, AME genes. 
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1. Introduction 

Opportunistic Staphylococcus aureus (SA) infections 
are among the significant bacterial infections in the 
inpatients and outpatients (Goudarzi et al., 2019c; Baines 
et al., 2019; Xu et al.,2019; Kavusi et al., 2019; 
Elshabrawy et al., 2020) and the most serious worldwide 
especially which show resistance to methicillin (MR) drug 
abbreviated called MRSA (Peacock et al., 2015; Gajdács, 
2019; Goudarzi et al.,2019e; Hadyeh et al.,2019 Navidinia 
et al., 2019). MRSA has been classified within the high 
resistance priority tiers (WHO, 2017). Gene is responsible 
for MRSA  named mecA(Cikman et al., 2019). This gene 
is encoded to important protein in the synthesis of MRSA 
cell wall it is termed an acronym PBP2ʹ, while abbreviated 
SCCmec refers to the chromosomal elements transfer of 
this protein (Gajdács, 2019). Therefore, MRSA infections 
cure is considered a major public health concern (Goudarzi 
et al., 2019d). It causes much mortality of patients because 

of multiple drug resistance to antimicrobial categories 
(Watkins et al., 2019). This will reduce therapeutic options 
for infections caused by MRAS strains (ElFeky et al., 
2019). Aminoglycosides are mostly used in the treatment 
of infection that caused by staphylococcal bacteria when it 
combination with glycopeptide and β-lactam drugs 
(Kavusi et al., 2019), while lincosamide, streptogramin B, 
and macrolide antibiotics are used as alternatives in 
treating such infections. (Razeghi et al., 2019). Thus, 
currently, MRSA strains possess multiple drug resistance 
(MDR) including the previously mentioned(Khosravi et 
al., 2017). Development of this resistance is strongly 
associated with the production of aminoglycoside 
modifying enzymes (AMEs) which is the majority 
mechanism to inactivate aminoglycoside 
molecules(Garneau-Tsodikova and Labby, 2016; Seyedi-
Marghaki et al.,  2019). Aph (3’)-IIIa, ant (4’)-Ia and 
aac(6’)/aph (2”) genes are encoded to the most prevalent 
types of AMEs which are aminoglycoside-3’-O-
phosphoryltransferase III, aminoglycoside-4’-O-
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nucleotidyltransferase I and aminoglycoside-6’-N-
acetyltransferase/2”-
phosphoryltransferaserespectively(Ramirez and 
Tolmasky,2010; Namvar et al., 2017). Medically, in 
staphylococci these enzymes that are known abbreviation 
[(APH (3’)-III, ANT (4’)-I and (6’)/APH(2”)] are the most 
frequent AMEs and, which inactivate aminoglycosides of 
curative importance including respective kanamycin, 
tobramycin, and gentamicin (Klingenberg et al., 2004; 
Szymanek-Majchrzak, et al.,2018a).In different parts of 
the world including the Middle East, there are several 
neoteric studies expounding the growing prevalence of 
AMEs in MRSA strains(Goudarzi et al., 2018; Seyedi-
Marghaki et al.,  2019; Kavusi et al.,2019; Beigverdi et 
al.,2019). Nevertheless, in Iraq, the resistance problem of 
antimicrobial drugs is exacerbated by the overuse and 
misapply of them. There is no systematic national control 
of AR, scanty data is available to identify this problem, 
and there is no database of the genes encoding AMEs 
among gram-positive bacteria especially MRSA strains. 
So, the study aimed to assess the occurrence of genes 
encoding clinically important AMEs such as aph (3’)-IIIa, 
ant (4’)-Ia, and aac(6’)/aph (2”),  and to estimate the 
relationship between MRSA phenotypes of 
aminoglycosides resistance and the occurrence of genes 
responsible for this resistance in patients were attending to 
Al-Diwaniya hospitals. 

2. Methodology 

2.1. The population of the study, S. aureus, and MRSA 
identification 

For the period January to July 2018, 72 MRSA were 
isolated from different lesions(wound, abases, throat swab,  
blood, and urine) from randomly the 72 patients(without 
data related patients) were attending to Al-Diwaniya 
teaching hospital, and Maternity and Children teaching 
hospital which is two mains hospitals in Al-Diwaniya 
province centre of Iraq. Bacterial isolates were identified 
depending on the traditional morphological(Gram stain/ 
Himedia, India) and bacteriological tests (Haemolysis on 
blood agar, mannitol salt medium / Oxoid, UK, and 
coagulase production) in microbiology laboratory belong 
to the Faculty of Science- University of Al-Qadisiyah. The 
media were incubated at 37˚C for 48 hours according to 
the method of(Forbes et al., 2007). All S. aureus isolates 
were tested for detecting phenotypic MRSA depending on 
the cefoxitin disc-diffusion method (Kirby-Bauer) 
following (CLSI, 2019) 

2.2. Antibacterial susceptibility testing 
Antibacterial sensitivity patterns of the MRSA strains 

were performed through Bauer et al. (1966) and CLSI 
(2019), on Mueller-Hinton medium (Oxoid, UK) plates. 
Bacterial inoculum was modified according to the 0.5 

McFarland tube. Antibacterial discs were selected carried 
out based on the (CLSI, 2019). All isolates tested for 
sensitivity of 10molecules classes were divided into 29 
antibacterial agents, which are : penicillin (PEN, 10units), 
cefoxitin (FOX, 30 μg), ceftriaxone (CRO, 30 μg), 
ceftazidime (CAZ, 30 μg), cefotaxime (CTX,30 
μg),amoxicillin/clavulanic acid (AUG, 30 μg), kanamycin 
(K, 30 μg ),  netilmicin (NET, 30 μg), amikacin (AK, 30 
μg), gentamicin (GM, 10 μg), tobramycin (TOB,10 
μg),aztreonam (ATM, 30 μg),  ciprofloxacin (CIP, 5 μg),  
moxifloxacin(MFX,  5μg),ofloxacin (OFX, 5 
μg),norfloxacin (NOR, 10 μg),tetracycline (T, 30 μg), 
doxycycline (DXT, 30 μg), trimethoprim (TM, 5 μg), 
trimethoprim/sulfamethoxazole (SXT, 25 μg), 
chloramphenicol (C, 30 μg), nitrofurantoin (NI, 300 μg), 
vancomycin(VA, 30μg),imipenem (IMP, 10 μg), 
erythromycin (E,15 μg), rifampin (RA, 5 μg), teicoplanin 
(TEC, 30μg), clindamycin (CD, 2μg) and oxacillin(OX,  
5μg) (Bioanalyse, Turkey and Mast Diagnotics, UK). 
Furthermore, the MRSA strains were stratified to MDR 
and XDR based on (Magiorakos et al., 2012). A laboratory 
stock culture of genus S. aureus ATCC 25923 was used as 
a quality control organism to confirm the accuracy of the 
antibacterial disks. Strain giving intermediate sensitivity 
was calculated as resistant. MICs and MBCs values were 
detected (Andrews, 2001) and calculation of the multiple 
antibiotic resistance (MAR) index of 20 MRSA-AR was 
conducted based on (Krumpernam, 1983; Riaz et al., 
2011). 

2.3. Isolation of deoxyribonucleic acid   
DNA isolation was perfect using a specific procedure 

of (+)ve bacteria (proteinase K) and according to the 
manufacturer's instructions of Kit (Geneaid, USA).  

2.4. PCR analysis 

PCR assay was done by components that were 
accumulated in a PCR tube and mixed under sterile 
conditions on an ice bag. The reaction was performed 
using a 25 μl mixture including 12.5 μl Go Tag Green 
Master mix(Promega, USA), 2.5 μl of 10μM each primer 
(Macrogen, Korea), 5 μl of genomic DNA, and 2.5 μl 
nuclease-free water. The PCR program was done with a 
(Biometra, Germany). Universal specific primer sequence 
listed in table 1, the amplification conditions of each 
primer of ant (4’)-Ia, mecA, aph (3’)-IIIa, aac(6’)/aph (2”) 
genes describe in the same references in table 1. The 
amplifications were electrophoresed (Biometra, 
Germany)through 1.5% agarose gel pretreated with 
ethidium bromide,  utilizing a UV imager(Biometra, 
Germany). The results were documented. Times of 
electrophoresis were at 75 volts for 90 minutes. Molecular 
weight DNA markers were used (Ladder 100 bp Promega, 
USA). 

Table 1:Oligonucleotides sequence of primes used to encoding genes of AMEs and PBP2'. 

Gene target 
Forward primer 

(’5 to 3’) 

Reverse primer 

(’5 to 3’) 

Amplicon 

size (bp) 
Annealing 
temperature Reference 

mecA aaaatcgatggtaaaggttggc agttctgcagtaccggatttgc 533 55°C Munger and Kelly, (1973) 

ac(6’)/aph (2”) gaa gta cgc aga aga ga aca tgg caa gct cta gga 508 54°C Choi et al.(2003) 

aph (3’)-IIIa ggctaaaatgagaatatcaccgg ctttaaaaaatcatacagctcgcg 526 55°C Vakulenko et al. (2003) 

ant (4’)-Ia tggggatgatgttaaggc gcgttttgacacatccac 670 50°C Riesen and Perreten. (2009). 
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2.5. Analysis 

χ2 test was used to determine the significant 
frequencies of resistance results. P-value < 0.01, Prism 5 
(Graphpad Software Inc., San Diego, CA, USA). 

3. Results 

72 MRSA strains were obtained from patients who 
were suffering from various infections. The main different 
lesions of this causative agent were: urine 32 (44.5%), 
wounds 18(25), abases 13 (18.0%), blood cultures 5 
(6.9%), and throat swabs 4 (5.6%).  Of these 72.2% were 
found to be either MDR or XDR, thus a (44/72; 61.1%) of 
MRSA were found to be MDR while the remaining 
(8/72;11.1%) were XDR. Whole, 100% strains were 
sensitive to vancomycin(MICs and MBCs values ranged 2 
μg/mL to 8 μg/mL.) and chloramphenicol. Strains 

exhibited significant frequencies of antibacterial agents 
resistance (P < 0.01)(Figure 1).The highlight indicates 
cases considered to be resistant to the respective drugs. 
Penicillin, cefoxitin, ceftriaxone, aztreonam, and 
nitrofurantoin showed a resistance of 100% from all the 
isolates. A high rate of resistance (94.5, 88.9, 83.3, 79.2, 
77.8, 73.6, and 61.2)% showed that S. aureus to 
ceftazidime, cefotaxime, trimethoprim, erythromycin, 
oxacillin, tetracycline, and teicoplanin respectively. The 
resistance of clindamycin and Amoxicillin/clavulanic acid 
were 37.5% and 30.6%. Also, the most effective of 
antibacterial agents were imipenem, rifampin, ofloxacin, 
doxycycline, moxifloxacin, ciprofloxacin, norfloxacin and 
trimethoprim/sulfamethoxazole with resistance rates 
11.1%, 11.1%, 22.2%, 22.2%, 26.4%,27.8%, 27.8% and 
33.3% (Figure 1). 

Figure 1. Comparison between the rates of resistance for 72 strains of MRSA(A) and 20 strains of MRSA which show resistance to 
aminoglycosides(B). 

PEN, penicillin; AUG, amoxicillin-clavulanic acid; 
OX, oxacillin;FOX, cefoxitin;CAZ, ceftazidime;  CRO, 
ceftriaxone; CTX, cefotaxime;ATM, aztreonam;IMP, 
imipenem;RA, rifampin; TEC teicoplanin; VA, 
vancomycin; CD, clindamycin; GM,gentamicin; TOB, 
tobramycin;NET, netilmicin; AK, amikacin; K, 
kanamycin; CIP, ciprofloxacin;NOR, norfloxacin; OFX, 
ofloxacin;MFX,moxifloxacin; T, 
tetracycline;DXT,doxycycline;TM,trimethoprim;SXT,trim

ethoprim/sulfamethoxazole;C,chloramphenicol;NI,nitrofur
antoin; E, erythromycin. 

The aminoglycosides resistance rate among the tested 
S. aureus strains ranged from 27.8%-11.1%. The present 
study showed that netilmicin was the most potent 
aminoglycoside; its overall potency over the isolated S. 
aureus was 11.1%, while amikacin, gentamicin, 
tobramycin, and kanamycin were 19.4%, 22.2%, 25%, and 
27.8% respectively. The full (100%) dissemination of the 
mecA gene in MRSA strains is shown in (Figure2).
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Figure 2.Image of electrophoresis gel of S. aureus. Lane M, PCR  
ladder (100-1500 bp), amplified products of the mecA gene (533 
bp).Lanes (1-8) positive results. 

Out of 20, MRSA was AR eighteen (90%) carrying at 
minimum 1 of genes encoded AR. The most common of 
genes encoded AMEs were aac(6’)/aph (2”);80%, aph 
(3’)-IIIa;45%, and ant (4’)-Ia; 35% (Figure 3,4 and 5 
respectively). 

 
Figure 3. Image of electrophoresis gel of S. aureus. Lane M, PCR  
ladder (100-1500 bp), amplified products of the ac(6’)/aph 
(2”)gene (508 bp).Lanes (14,16,18,19,20,26,30,33,41,47,50,58, 
60,63,64,69) positive results.

Figure 4.Image of electrophoresis gel of S. aureus. Lane M, PCR  
ladder (100-1500 bp), amplified products of the aph (3’)-IIIagene 
(526bp).Lanes (14,16, 20,26,41,47,59, 60,63) positive results, 
lanes (7,18,50) negative results. 

 
Figure 5. Image of electrophoresis gel of S. aureus. Lane M, PCR  
ladder (100-1500 bp), amplified products of the ant (4’)-Ia gene 
(670 bp).Lanes (14, 16,18, 20,26,38,50,58) positive results. 

Interestingly, it is observed that all(100%) strains in 
which positive results of AR genes were resistant to at 
least three aminoglycoside molecules. The highest 
resistance of 20 AR isolates compares with 72 MRSA 
isolates against all drugs, especially aminoglycoside as 
mentioned in figure 1. 100% of MRSA-AR were either 
MDR(12/20; 60%) or XDR(8/20; 40%). The 
dissemination, frequency of co-occurrence genes encoding 
AMEs, and relationship within phenotypic AR among 
MRSA harboring mecA gene are listed in Table (2). 

Table 2: Phenotypic and molecular analysis of aminoglycosides resistance patterns possessed 20 MRSA strains harboring the mecA gene. 

No. Phenotypic No. (%) Genotypic No. (%) Profile type 

G1 NET, AK, GM, TOB, K 6(30) aac(6’)/aph (2”) 6(33.3) 3G2,2G3,1G4 

G2 AK, GM, TOB, K 6(30) aph (3’)-IIIa 0 - 

G3 NET, GM, TOB, K  2(10) ant (4’)-Ia 1(5.6) G6 

G4 GM, TOB, K 2(10) aac(6’)/aph (2”)+ aph (3’)-IIIa 5(27.8) 3G1,2G2 

G5 AK TOB, K, 1(5) aac(6’)/aph (2”) + ant (4’)-Ia 2(11.1) 1G2,1G4 

G6 TOB, K 1(5) aph (3’)-IIIa + ant (4’)-Ia 1(5.6) G5 

G7 K 2(10) aac(6’)/aph (2”)+ aph (3’)-IIIa+ ant (4’)-Ia 3(16.7) 3G1 

 Total  20(100)  18(100)  

The most frequent 11/18(61.1%) of MRSA strains 
which comprise AMEs genes were as combinations or 
simultaneously. Correlation between the AR patterns and 
their presence of plasmid-mediated AR genes among 
MRSA isolates tested are shown in (Table 2 and 3). The 
results showed that there is 100% compatibility between 

the presence of aac(6’)/aph (2”) and resistance to 
gentamicin. It was discovered in all strains resistant to 
gentamicin (Table 3). Lastly, only 2 strains of MRSA were 
resistant to kanamycin did not give any result with AMEs 
genes.  
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High values>0.2 ranged(0.48-0.83) from the maximum 
MAR index(1) were documented in all 20(100%)MRSA-
AR strains which summarize in figure 6. 

Moreover, the relationship between phenotypic 
resistance indicators and AR genes among  MRSA strains 
was mentioned in Table(4) 

Table 3: Relatedness between phenotypic and the main molecular 
description of aminoglycosides resistance patterns in a total of 18 
MRSA strains harboring AMEs genes. 
Genotypic 
description of AMEs 

No. (%) (%) Of phenotypic expression 
AMEs 

NET  AK GM TOB K 

aac(6’)/aph (2”) 16(80) 50 75 100 100 100 

aph (3’)-IIIa 9(45) 66.7 100 88.9 100 100 

ant (4’)-Ia 7(35) 42.8 71.4 71.4 100 100 
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Figure 6. MAR indexes of 20 aminoglycosides resistance MRSA isolates. 

 Table 4:Dissemination of multiple resistance of drug patterns among MRSA-AR genes. 

No. of strain mecA   gene Phenotypic profile AMEs genes profile 

MDR / XDR MAR index aac(6’)/aph (2”) aph (3’)-IIIa ant (4’)-Ia 

S7 + MDR 0.55 - - - 

S14 + XDR 0.83 + + + 

S16 + MDR 0.69 + + + 

S18 + MDR 0.52 + - + 

S19 + XDR 0.83 + - - 

S20 + XDR 0.79 + + + 

S26 + XDR 0.83 + + - 

S30 + MDR 0.66 + - - 

S33 + MDR 0.52 + - - 

S38 + MDR 0.58 - - + 

S41 + XDR 0.83 + + - 

S47 + XDR 0.83 + + - 

S50 + MDR 0.69 + - + 

S58 + MDR 0.48 + - - 

S59 + MDR 0.62 - + + 

S60 + XDR 0.83 + +  

S63 + XDR 0.79 + +  

S64 + MDR 0.62 + -  

S69 + MDR 0.48 + -  

S72 + MDR 0.55 - - - 

Total 20   16 9 7 
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4. Discussion  

Antimicrobial stewardship is important to prevent the 
spread and expansion of MDR strains and to overcome the 
development of increased resistance to antibiotics in 
general and aminoglycoside in particular, and continued 
national surveillance programs are crucial. 
Aminoglycosides are broad-spectrum bactericidal 
antibiotics of high potency that have been traditionally 
used for the treatment of serious and of life-threatening 
Gram-negative and some Gram-positive infections 
(Zacharczuk et al., 2011; Becker and Cooper, 2013; 
Garneau-Tsodikova and Labby, 2016). In different parts of 
the world including in Iraq, aminoglycosides are used for 
treating severe infections caused by Gram-Positive 
bacteria. As a result, multiple resistance determinants to 
these antimicrobial agents have emerged in various 
pathogenic microbes including MRSA. This organism is a 
major public health concern representing about 60% of S. 
aureus isolated from hospitalized patients in countries 
such as the USA and Brazil in the last years(Dos Reis et 
al., 2020). 

72 MRSA strains were obtained from patients who 
were suffering from various infections. The main different 
lesions of this causative agent were: urine 32 (44.5%), 
wounds 18(25), abases 13 (18.0%), blood cultures 5 
(6.9%), and throat swabs 4 (5.6%). Of these 72.2%  found 
to be either MDR or XDR, thus a (44/72; 61.1%) of 
MRSA were found to be MDR while the remaining 
(8/72;11.1%) were XDR. The full (100%) dissemination of 
the mecA gene in MRSA strains are in (Figure2 and Table 
4).This finding matches with other reports in West Bank-
Palestine and Sri Lanka that found all 112 and 94 S. aureus 
(100%) isolated from different lesions as MRSA strains 
were caring mecAgene (Hadyeh et al., 2019; McTavish et 
al., 2019) respectively. This agrees with Goudarzi et al. 
(2019b) in Iran as 78.6% (66/84) of MRSA strains were 
found to be MDR. The vast majority our results were 
matched with another report of MRSA strains isolated 
from the holy shrine in Najaf, Iraq which found that most 
strains(100%) were resistant to penicillin, ceftriaxone, 
ceftazidime, (72.7%) to erythromycin, and the most 
susceptible(100%) to vancomycin, 
chloramphenicol,(72.3%) to gentamicin and 8/11(72.7%) 
of MRSA strains were found to be MDR(Al-Mohana et 
al., 2012). Based on the above results, it can be said that 
vancomycin is considered the best choice of treatment 
MRSA infections in various parts the world (Szymanek-
Majchrzak et al., 2018b) including Iraq, despite some 
resistance cases that have been observed in this area (Al-
Jumaily et al., 2012; ElFeky et al.,2019) and the world 
(Szymanek-Majchrzak et al., 2018b). Also, these results 
were close to other results of a study documented in 
Sulaimani city, Iraq concerning the resistance MRSA of a 
β-lactams drug (Al-Jumaily et al., 2012). Moreover, 
resistance of β-lactam, vancomycin, and gentamicin was 
documented in MRSA strains which were isolated from 
West Bank-Palestine (Hadyeh et al., 2019). Due to the 
widespread and indiscriminate use of antibiotics in 
treatment, a major problem has emerged as the multiple 
resistance of these drugs from different bacterial species, 
especially S. aureus. This maybe via the biofilms 
formation which increases from the pathological 
ability(Gomes et al., 2019).Interestingly, in this 

investigation there was a low level of AR among MRSA 
strains compared with other studies in Iraq and other parts 
of the world, which may be explained by a decrease in the 
number of MRSA strains from the various regions of 
central Iraq or by low- level description of this drug in the 
treatment infections of this pathogen. For more than half a 
century, aminoglycoside has been mainly used against 
gram-negative and some gram-positive bacterial infections 
(Garneau-Tsodikova and Labby, 2016), and this reinforces 
the second reason. The first cause may be close to reality 
and corresponds to an antibiotic sensitivity analysis 
performed in the Al-Diwaniya governorate  (unpublished) 
which documented that approximately 30.5% (7/23) of 
MRSA strains were gentamicin resistant (Al-Mayahi, 
2018). Thus, ElFeky et al. (2019)who found that 
63%(63/100)of MRSA strains were resistant to 
gentamicin. The resistance pattern in the Al-Diwaniya 
governorate is somewhat harmonious with other 
investigations in the Najaf governorate centre Iraq, which 
showed that MRSA strains were 27.7% (15/54) resistant to 
gentamicin(Al-Mohana et al., 2012). Aminoglycoside 
molecules still have significant effects alone or in 
combination with other molecules in treating infections 
causing staphylococci, despite the emergence of resistance 
to them in different parts of the world (Kavusi et al., 
2019). In a previous study, Goudarzi et al. (2019e) found 
that MRSA strains and AMEs production have been 
developed rapid resistance to a wide range of drugs 
including tetracyclines, and this agreed with our study at a 
rate of resistance (73.6%). High values>0.2 ranged(0.48-
0.83) from the maximum MAR index Baines et al. (2018) 
were documented in all 20(100%)MRSA-AR strains. A 
MAR index resistance to >0.20 antibiotics indicates that 
bacteria originate from an environment where antibiotics 
are freely available, leading to a high potential for misuse 
and a ‘high-risk’ source of contamination (Krumpernam, 
1983; Riaz et al., 2011). There is scanty information 
regarding the level of antibiotics resistant to MRSA strains 
associated with multiple infections in Iraq, thus possibly 
posing a public health challenge for physicians. 
Consequently, this study determined the MAR index of 
these isolates. However, the elevation of MAR index 
values was observed in our investigation (Figure 5and 
Table 4). All MRSA-AG strains had MAR index of >0.20, 
confirming that there was widespread use of antibiotics 
and high selective pressure in the Al-Diwaniya population. 
The MAR indices obtained in the present study is a 
probable signal that a very major ratio of the MRSA 
strains was displayed to numerous antimicrobial drugs. 
The high MAR identified in the present research warns us 
that any use of antibiotics in treatment should be preceded 
by an accurate diagnosis of the causative agents, followed 
by an antimicrobial sensitivity test. Such a thing will not 
only contribute to the effective use of these drugs but also 
will control the prevalence of resistant isolates of 
antibiotics in Iraqi hospitals and communities. 

Out of 20, MRSA was AR eighteen (90%)carrying at 
minimum 1 of genes encoded AR. The most genes 
encoded AMEs common were namely aac(6’)/aph 
(2”);80%, aph (3’)-IIIa;45%, and ant (4’)-Ia; 35% (Tables 
2 and 4). Many reports from Iran have reported that the 
aac(6’)/aph (2”) gene was the most frequent AMEs gene 
followed by aph (3’)-IIIa gene and ant (4’)-Ia gene in 
MRSA isolates(Fatholahzadeh et al., 2009; Emaneini et 
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al., 2013; Mohammadi et al., 2014; Khosravi et al., 2017; 
Khoramrooz et al., 2017; Seyedi-Marghaki et al.,2019; 
Goudarzi et al.,2019d), from Turkey(Ardic et al., 2006), 
from Australia (Baines et al.,2019), from India(Perumal et 
al., 2016) and Europe(Vanhoof et al., 1994). However, the 
prevalence of MRSA strains containing aac(6’)/aph (2”) 
gene in Al-Diwaniya (80%), is similar with Goudarzi et al. 
(2019a), Szymanek-Majchrzak, et al. (2018a), Baines et al. 
(2019), Kavusi et al. (2019), Mohammadi et al. (2014) and 
Mahdiyoun et al. (2016)in Iran(80%), Europe(80.5%), 
Australian clade (79.7%), Iran(78.3%), (77.8%) and (77%) 
respectively, and is less compared to similar studies in Iran 
(97.22%)(Khoramrooz et al., 2017) and Asian-Australian 
clade (93.2%)(Baines et al.,2019). The results showed 
there is 100% compatibility between the presence of 
aac(6’)/aph (2”) and resistance to gentamicin (Table 3). It 
was discovered in all strains resistant to gentamicin. This 
concordance matches with previous researches(Choi et al., 
2003; Yadegar et al., 2009). The present investigation 
shows that aph (3 ') - IIIa gene was the second dominant 
gene (45%), and was in agreement with the reports from, 
Australia(45.0%)(Baines et al.,2019), Europe (44%) 
(Młynarczyk et al., 2010), Iran(46.3%) (Goudarzi et 
al.,2019e) and(46.7%)(Goudarzi et al.,2019c), while 
Seyedi-Marghaki et al. (2019) and Khoramrooz et al. 
(2017) in Iranian work documented rate of this gene in 
(19% and 61.1%) of MRSA strains. Dissemination of 
ant(4’)-I was detected as 35% (7/20) (Tables 2 and 4). 
This was similar with other reports from Australia 34.1% 
(Baines et al.,2019), Iran 38.6%(Goudarzi et al.,2018), and 
less than the ratio mentioned in a big Japanese report 
(84.5%) (Ida et al., 2001) and Europe (55.3%)(Szymanek-
Majchrzak, et al.,2018b). The presence of the aac(6’)/aph 
(2”),aph (3’)-IIIa and ant (4’)-Ia genes was sufficient to 
express the resistance phenotype(100%) to GM/TOB/K, 
AK/TOB/K and TOB/K respectively (Table 3). 
AAC(6’)/APH(2”) enzyme grant resistance to 
aminoglycosides molecules including GM/TOB/K, APH 
(3’)-IIIa grant resistance AK/TOB/K, and ANT (4’)-Ia 
enzyme grant resistance to TOB/K (Vakulenko and 
Mobashery, 2003). The relatedness between phenotypic 
and genotypic AR with MRSA were 27.8% and 25%. This 
relationship was reported in other studies such as (Yadegar 
et al., 2009; Mohammadi et al., 2014; Khosravi et al., 
2017), where the last study recorded a high correlation 
(72.7%). 

5. Conclusion 

In conclusion, this is the first paper that provided 
baseline prevalence data on the presence of AMEs genes 
in MRSA strains containing the mecA gene in Al-
Diwaniya governorate in the centre of Iraq which reached 
alarming tiers; thus, Aminoglycosides should be used 
carefully by physicians. The execution of a local and 
global monitoring system to observe antibiotic resistance, 
particular aminoglycosides, and growing consciousness of 
AMEs genes among physicians are necessary for guiding 
empirical therapy-specific measures against a specific 
pathogen 
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Abstract 

The current study aimed to identify suitable preliminary culture media for the isolation of faba bean gall-forming disease 
causal agent and confirm by pathogenicity test. Five separate media were evaluated for isolation. Infected faba bean stem 
disc and the mycelial disc of a pure isolate of the test pathogen were used for the in-vitro pathogenicity test on detached 
leaves. Pots filled with sterilized field soil were arranged in complete random block design and sown with disease 
susceptible FB-26869 faba bean health seeds for pot pathogenicity test. Pycnidium of the test pathogen appears filled with 
mature conidia and scattered inside the infected cells. At the initial stage, it was difficult to isolate the disease causal agent 
on the Potato Dextrose Agar medium.  The Coon’s medium was found to be suitable for the preliminary isolation of the test 
pathogen and showed statistically significant mycelial growth (90.00 mm), while Malt Extract Agar and Tryptone Soy Agar 
favors a large number of conidia production at 14th day of the incubation period. The Chlamydospore and conidia of the 
isolates were similar to Peyronellaea pinodella and Phoma related species. The optimum mycelial growth of the isolates was 
recorded at temperature 20 0C and pH value 6.50 on both Coon’s and Potato Dextrose Agar medium. No significant 
differences (P > 0.05) were recorded among leaf lesions caused by infected stem and mycelial discs. All the tested isolates 
exhibited similar virulence levels both in-vitro and in pot experiments. The disease incidence and severity were significantly 
(P ≤ 0.05) affected by seasonal variations. The highest percent severity index (91 – 95 %) was recorded from June to 
September. Synthetic culture media which inhabits other fast-growing fungus favors the mycelial growth of the test 
pathogen. The molecular characterizations were recommended for further confirmation. 

Keywords: culture media, detached leaf, faba bean, gall-forming disease, pathogenicity  
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1. Introduction  

The faba bean (Vicia faba L.) locally known as 
''Bakela'' is one of the major pulse crops commonly 
cultivated in the high lands of Ethiopia. Based on seed 
size, faba bean is known by the common names including 
broad bean, horse bean, tic bean, and field bean (Fatemeh 
et al., 2019). It is the leading protein source for rural 
people and is used to make various traditional dishes 
(Yitayih and Azmeraw, 2017; Etemadi et al., 2019). The 
new emerging faba bean gall-forming disease is locally 
called "Kormid" threatening faba bean and causes up to 
complete crop failure over vast areas within a short time 
with disastrous economic consequences (Nigir et al., 2016; 
Bitew and Tigabie, 2016; Bekele et al., 2018). Faba bean 
gall-forming disease was first reported in July 2010 from 
high lands of farmers' faba bean fields around Selale and 
Degem, North Shoa, Oromia National Regional State of 
Ethiopia (Bekele et al., 2018; Anteneh et al., 2018; 
Alehegn et al., 2018).  

A similar disease that attacks the stem and leaves of 
broad bean known as broad bean blister disease caused by 

Olpidium viciae Kusano was first reported as a new 
species in Japan and later in China (Yan, 2013). According 
to Yan (2013), the life history of Olpidium viciae, is 
parasitic on the aquatic plant Vicia unijuga. It has 
numerous but short discharging tubes and binucleate 
resting sporangia. Olpidium viciae Kusano was seldom 
reported throughout the world apart from Japan and China.  

Depending on its field symptoms descriptions and 
microscopic examination, most of the Ethiopian 
researchers reported the fungal pathogen Olpidium viciae 
Kusano as the causative agent of faba bean gall-forming 
disease (Nigir et al., 2016; Bitew and Tigabie, 2016; 
Getaneh et al., 2018). However, these reports were not 
confirmed yet by colony morphology, fruiting structures, 
and molecular characterization. Thus, this could not be the 
case in Ethiopia.  

Physiological and environmental factors were known to 
influence the growth of fungi. The causal agent of the gall-
forming disease requires several specific growth 
conditions. Growth and sporulation are essential phases 
during the life of fungi, which are considerably influenced 
by external growth factors (Mishra and Tripathi, 2015). 
Among the external growth factors, nutrition was one of 
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the determinants that were previously proved by several 
workers in fungal pathogens using different culture media 
sources (Adhikari et al., 2017; Karaoglu et al., 2018). 

One of the most commonly exploited culture media for 
the growth of many fungal pathogens, Potato Dextrose 
Agar (PDA), was not suitable for the preliminary isolation 
of the fungus under study. Searching for suitable culture 
media for growth, conidia production, and cultural 
characteristic studies of the pathogen is the first step in 
pathological research. Synthetic culture media which 
supported the isolation, radial growth, and sporulation of 
gall-forming causal agent were not reported yet. As to our 
knowledge, the current study is the first attempt to find out 
suitable culture media and obtain the isolates of the gall-
forming causal agent.  

The lack of suitable culture media that support 
vegetative growth and sporulation of gall-forming causal 
agent has hindered in-vitro physiological and 
morphological studies of the test pathogen. Hence, to deal 
with this problem the present study was undertaken to 
identify the suitable culture media for mycelia growth and 
conidia production of the gall-forming causal agent under 
controlled conditions. This study mainly focused on in-
vitro cultural practice, isolation of the causal agent, and 
testing the pathogenicity of the isolates both in-vitro and in 
pot experiments.  

2. Materials and Methods  

2.1. Sampling techniques 

Simple random sampling techniques were used to 
address the representative of the whole faba bean plant 
population.  

2.2. Sample collection  
A total of 100 naturally infected faba bean stem/leaf 

with typical symptoms (small tumors) were collected from 
the farmers’ field of Angolelana tera (50 samples), and 
Sululta (50 samples) districts during the 2018 main 
cropping season. All samples were packed in polyethylene 
bags and labeled with the name of the zone, district, and 
date of collection. The samples were transported to 
Mycology laboratory, College of Natural and 
Computational Sciences, Addis Ababa University for 
detection and isolation of causal agents of faba bean gall-
forming diseases. It was stored at 40C until use.  

2.3. Sample preparation for detection of the causal 
pathogen in the plant tissue 

Infected parts of the leaves and stems were excised 
with a sterile scalpel. The samples of infected faba bean 
stem/leaf were treated with 20 ml of ethyl alcohol (80%) 
kept in test tubes and then dipped in boiling water until 
complete evaporation of ethyl alcohol to remove the 
chlorophyll in the plant tissues. After washing the 
bleached plant tissues thrice in distilled water, they were 
immersed in NaClO (4%) for 30 min followed by rinsing 
thrice with distilled water. The tissues were transferred to 
NaClO solution and kept at 60 °C for 15 min, followed by 
washing thrice in distilled water (Caiazzo et al., 2006). 
The tissue was stained with lactophenol cotton blue and 
examined under a 40 x objective lens of the compound 
light microscope (MAX BINO BELGIUM).  

2.4. Preliminary isolation and purification of the gall-
forming causal agent 

Initially, the small pieces (1 cm) of infected faba leaves 
were excised and surface-sterilized by dipping them in 2% 
sodium hypochlorite for 5 minutes, followed by washing 
three times with sterile distilled water for 2 minutes.  The 
sterilized fragments of infected faba bean leaves were 
inoculated on  90 mm Petri dishes containing sterilized 
Coon’s medium (4 g/l maltose, 2 g/l KNO3, 1.20 g/l 
MgSO4.7H2O, 2.68 g/l KH2PO4, and 20 g/l agar) (Adnan 
et al., 2017) amended with chloramphenicol. A 0.1 ml of 
the last washes was spread plated on Coon’s medium as a 
control to check the quality of surface sterilization. The 
inoculated medium was incubated at 23 ± 2 0C for 14 days. 
The actively growing parts of the isolates were purified on 
the Coons medium using single hyphal tip techniques 
suggested by Ahmed and El-Fiki (2017). 

2.5. Evaluation of culture media for mycelial growth and 
conidia production  

To find out the medium that best suits for the mycelia 
growth, conidia production, and other cultural 
characteristics of gall-forming disease causal agent, five 
culture media were compared, including Coon’s medium 
(CN), Potato Dextrose Agar (PDA) (Oxoid), Malt Extract 
Agar (MEA) (Oxoid), Tryptone Soy Agar (TSA) (Oxoid), 
and Water Agar (WA) in solid states. Pure mycelia Coon’s 
agar plug measuring 4 mm diameter were taken from the 
actively growing margin of 12 day-old pure culture using a 
sterile cork borer and placed upside down in the center of 
each medium in a 90 mm Petri dish. The Petri plates were 
immediately sealed with parafilm with four replications. 
All the plates were incubated at 23 ± 2°C for 14 days and 
all the activities were done under aseptic conditions inside 
the laminar flow cabinet. Visual observations concerning 
colony growth were made starting from the fourth day 
after incubation.  The mycelia diameter of the isolates on 
different media was measured and compared 
quantitatively, whereas the conidia productions were 
recorded qualitatively (Smita and Dhutraj, 2017).  

2.6. Morphological characterization 

2.6.1.  Macroscopic morphology  

The cultural morphology studies of the isolates were 
performed on MEA, WA, PDA, Coon’s Medium, and TSA 
following the standardized procedure. The colony 
diameters (mm) were measured starting from the fourth 
day after incubation at every two days interval until the 
mycelium fully covered the Petri dish. Colony 
morphology, shape, and other cultural characteristics were 
observed with the naked eye throughout the incubation 
period and characterized at full plate colony growth on 14 
days of incubation. Colony growth was measured in two 
days intervals. Colony colors and texture were rated 14 
days after incubation (Ahmed and El-Fiki, 2017).  
2.6.2. Microscopic morphology  

Pure fungal isolates were mounted in distilled water 
with a scalpel blade to study the structure of Pycnidia, 
chlamydospores, and conidia (Ahmadpour et al., 2017). 
The microscopic examinations were carried with the 40X 
objective lens of the compound light microscope (MAX 
BINO BELGIUM). Macroscopic and microscopic 
morphological characters were used to compare the fungal 
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isolates with the assistance of current mycological 
literature (Johnston et al., 2017).  

2.7. Effect of temperature and pH on growth of gall-
forming causal agent  

2.7.1. Effect of temperature 

The ability of faba bean gall-forming diseases causing 
pathogen to grow at restrictive temperature was assessed 
by growing the cultures on PDA and Coon’s medium and 
incubating at 20, 23, and 25 °C until full growth of the 
mycelia in 90 mm plate followed by You et al. (2016). For 
measuring the diameter of mycelia growth rate, the fungal 
isolate was inoculated in triplicates at the center of the 
medium. The inoculum was aseptically punched with a 
cork borer in the form of four mm mycelial discs from the 
seven days old margin of colonies. The plates were 
incubated at different temperatures and the diameter of the 
mycelial growth was measured (in mm) every two days 
interval up to full growth of mycelia in the plates.  
2.7.2. Effect of pH 

The pH values 6.50, 7.00, and 7.50 within the range of 
soil pH of the study sites were used for the study of the 
effect of pH on the growth rate of faba bean gall-forming 
disease-causing pathogen as described by You et al. 
(2016).  PDA and Coon’s medium were prepared in 
triplicates and its pH was adjusted by adding HCl and 
NaOH before autoclaving. A four mm disc from the 
margin of seven days old culture of the gall-forming pure 
isolate was inoculated on the plates containing PDA and 
Coon’s medium. The inoculated plates were incubated at 
the temperature mentioned above. Measurements of the 
diameter of the mycelia growth were recorded as described 
above.   

2.8. Detached leaf in-vitro pathogenicity test  

This was done by two experiments. Experiment 1 was 
conducted to determine the pathogenicity of infected faba 
bean stems/leaf with typical gall disease symptoms. 
Experiment 2 was conducted to determine the 
pathogenicity of faba bean gall-forming diseases causing 
suspected isolates.  In-vitro pathogenicity of both the 
infected disc of stem/leaf and suspected isolates was done 
on fresh leaflets of faba bean as stated by Kayim et al. 
(2018).  
2.8.1. Preparation of leaflets 

Faba bean seeds (FB-26869) were sown in pots at the 
College of Natural and Computational Sciences, Addis 
Ababa University greenhouse on December 4, 2018.  
Leaves were collected from 60 days old seedlings. Leaflets 
were surface-disinfected by immersion in dilute sodium 
hypochlorite (2% active chlorine) for 1 min, rinsed three 
times with sterile distilled water, and placed under an air 
stream to remove excess water followed by Ermias et al. 
(2013).  
2.8.2. Inoculums preparation and inoculation  

The infected and healthy portions of faba bean stem 
were separately cut into four mm discs by corks borers. 
Both infected and healthy faba bean stem discs were 
surface sterilized with 2 % Sodium hypochlorite. 
Similarly, 14 days old culture of agar plugs containing five 
different faba bean gall-forming diseases causing 
suspected isolates were removed using a cork borer. A four 

mm disc of infected faba bean stems and the agar plugs 
were inoculated at the center of pre-prepared leaflets 
separately followed by Kayim et al. (2018). The health 
faba bean stems disc and isolates free agar plugs were 
placed on leaflets as control. All were done in triplicates. 
Then the inoculated leaflets were placed face-up on the 
filter paper impregnated with sterile distilled water in the 
sterilized Petri plates to serve as a moist chamber. All 
cultures were kept at room temperature (20 ± 3 0C) for five 
days.  The length and width diameters of the leaves lesion 
formed around each stem disc and agar plugs were 
measured separately. The lesions of artificially infected 
leaflets were examined by microscope (MAX BINO 
BELGIUM) and confirmed as the original inoculated 
isolates and natural infections.     

2.9. Pot experiment pathogenicity test  

2.9.1. Experimental design and details 

The pot experiment pathogenicity test was conducted 
three times at the College of Natural and Computational 
Sciences, Addis Ababa University greenhouse. The first, 
second, and third experiment was carried out during 
December 2018 – February 2019, March 2019 – May 
2019, and June 2019 – September 2019, respectively. A 
total of 18 pots (20 cm diameter) were surface sterilized by 
using 70 % alcohol and arranged in Complete Random 
Block Design (CRBD) in three blocks (Zakawa et al., 
2018). A 2 kg of 2 mm sized sieved autoclaved field soils 
were added to each pot. The pots were kept for one week 
and irrigated regularly. The most susceptible faba bean 
accession (FB-26869) to gall-forming diseases causing 
pathogen was used for the pathogenicity test.  
2.9.2. Inoculum preparation and inoculation of the 
pathogen 

Based upon the in-vitro antigenicity test result, four 
mm discs of five selected faba bean gall-forming diseases 
causal agent suspected isolates were removed by using 
sterilized cork borers. Three discs of each isolate were 
separately inoculated in a 250 ml flask containing 100 ml 
Coon’s broth and incubated at 23 ± 20C for 14 days.  
Twelve faba bean seeds (FB-26869) were impregnated 
with 30 ml of conidia suspensions (105 spores/ml) of each 
isolates separately in a 250 ml flask and incubated at 23 ± 
2 0C for 48 hr. The level of conidia suspensions was 
adjusted by using a hemocytometer.  Four faba bean seeds 
impregnated with the suspected isolates were sown in each 
pot as stated by Khaledi and Taheri (2016).   

Besides, for the mass production of the isolates, 10 ml 
of each suspension (105 spores/ml) of suspected isolates 
were separately added to 100 g sterilized ground faba bean 
stems and incubated at 23 ± 2 0C for 21 days (Karaoglu et 
al., 2018).  Fourteen days after the emergence of seedlings, 
each pot was inoculated with 10 g of the corresponding 
mass-produced faba bean gall-forming causal agent 
suspected isolates to increase the inoculums sources.  
Twelve faba bean seeds impregnated with sterile distilled 
water served as control. Three replications were 
maintained. The pathogenicity of each isolate was 
evaluated through observation and recording the disease 
incidence and severity per seedlings 30 days after the 
seedling emergence. The pathogenic isolates were re-
isolated from the newly infected faba bean seedling stems 
and leaves. Then, compared and confirmed with the 
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original inoculated isolates by microscopic morphological 
characterization. 
2.9.3. Disease data 

Terminal disease incidence and present severity index 
were recorded on plant bases to evaluate the faba bean 
gall-forming disease causal agent. Percent disease 
incidence computed over the number of diseased plants 
from the total number of inspected plants. The disease 
percent severity index (PSI) was calculated using a 0–9 
scale to determine the area of the affected plant part, 
according to Aghajani et al. (2009), with little 
modifications. 

 
Where, 9 = highest rating value, a= number of plants in class 1, b  
= number of plants in class 3, c = number of plants in class 5, d = 
number of plants in class 7, e = number of plants in class 9. 

2.10. Statistical data analysis 

The data were subjected to SPSS statistical software 
version 20 and one way ANOVA. The effect of culture 

media on the mycelial growth of faba bean gall-forming 
disease causal agent was compared using the least 
significant difference (LSD) at a 5% probability level (P ≤ 
0.05). The slopes were used as measures of mycelia radial 
growth rates (mm day-1) for each culture medium source 
treatment (Smita and Dhutraj, 2017). 

3. Results  

3.1. Detection of faba bean gall-forming disease causal 
agent inside the infected cells  

Light microscopy observations of infected faba bean 
stem with the gall-forming disease were presented in 
Figure 1. The infected cells appeared plasmolyzed and 
disorganized. Pycnidia of the gall-forming causal agent 
scattered inside the infected faba bean cells. It appears 
filled with a large number of mature conidia. 

 
 
 

 Figure 1. Light microscopy observation of the infected faba bean stem cell stained with lactophenol cotton blue 
3.2. Preliminary isolation and purification of the isolates 

Different synthetic culture media were tested for 
isolation of faba bean gall-forming pathogen. It was 
difficult to isolate the pathogen by using potato dextrose 
agar from the infected plant parts at the initial stage. 
However, Coon’s medium was very important for the 
isolation and purification of the pathogen at the 
preliminary stage. The pure isolates can grow on potato 
dextrose agar.  Thus, potato dextrose agar slant could be 
used for the storage of the pure isolates at 4 0C for further 
use.  

3.3. Evaluation of culture media for mycelia growth  

The mycelial growth rate of the test pathogen was 
affected by variation in culture media sources. The tested 

culture media supported the growth of the pure isolates of 
faba bean gall-forming disease causal agent to various 
degrees and significantly (P ≤ 0.05) affected mycelia 
growth of the pathogen at the end of the growth period 
(Table 1). The mean colony diameter measured with the 
entire test media ranged from 70.00 (WA) to 90.00 mm 
(Coon’s medium) at 14 days after incubation.   Among the 
tested culture media, Coon’s medium (90.00 mm) showed 
statistically higher mycelial growth followed by PDA 
(84.00 mm) than others. Coon’s medium was found to be 
more suitable for vegetative growth than the other culture 
media.  

Pycnidia  

Deformed cell 

Matured 
conidia 
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Table 1. In-vitro evaluation of different growth culture media on colony growth (mm), growth rate (mm/day) of faba bean gall-forming 
causal agent incubated at 23 ± 2°C 

Medium 
type 

Mean diameter ± SD  of  colony growth (mm) after different  incubation periods (hr)  Radial growth 
rate (mm/day) R2 (%) 

48 96 144 192 240 288 336 

MEA 12a ± 2 18a ± 5 24a ± 0 36a ± 2 52a ± 2 70a ± 1 80c ± 1 0.12a 96 

WA 12a ± 1 16a ± 4 20a ± 2 36a ± 3 48a ± 2 64a ± 2 70b ± 2 0.89b 99 

PDA 16a ± 1 24b ± 3 36b ± 4 50b ± 1 64b ± 5 76b ± 1 84d ± 2 1.08c 96 

Coon’s 16a ± 3 24b ± 2 40b ± 3 52b ± 2 68b ± 6 84b ± 2 90a ± 3 1.10c 99 

TSA 12a ± 4 16a  ± 1 28a ± 2 36a ± 1 50a ± 4 68a ± 2 76e ± 2 0.85b 98 

Average  13a  ± 1 19a  ± 2 29a ± 4 41a ± 5 56a ± 4 72a ± 4 80c ± 4 0.81b ± 0.4 97.6 ± 2 

CV (%) 16 21 28 22 16 11 10 50 2 

 Means of mycelial growth followed by a different letter (s) in the same column are significantly (p  ≤ 0.05) different, MEA: Malt Extract 
Agar, WA: Water Agar, PDA: Potato Dextrose Agar, TSA: Tryptone Soy Agar, R2: Coefficient of determination, SD: Standard deviation  

3.4. Macroscopic morphological characteristics 
The test pathogen exhibited a wide range of colony 

characteristics about shape, and color on MEA, WA, PDA, 
Coon’s medium, and TSA on 14th day of incubation period 
(Figure 2). Mycelia growth patterns included both light 
and dense radial extending mycelium. Radial mycelia 
growth was consistently a characteristic feature of the 
fungus on all media sources. Both the reverse and the front 
sides of the colony exhibited various colors and shapes on 
different culture media (Table 2 and Figure 2). Light 
mycelia, brown-black ring center followed by white ring 
regular margins were recorded on the reverse side, whereas 
white regular double rings were recorded on the front side 
of Coon’s medium.  

On the other hand, dense mycelia, brown color at 
center with regular colony margins were recorded on the 
reverse side of the PDA medium. The black center 
followed by the white and regular brown rings was 
recorded on the front side of the PDA medium. Light 
mycelia were recorded on MEA, Coon’s, and TSA 
medium. Very light and irregular shaped black center 
mycelia were recorded on WA. The microscopy of a 
colony grown on different media showed that large 
numbers of conidia were recorded on MEA and TSA 
(Table 2 and Figure 2). 

Table 2. Cultural characteristics and conidial production of gall-
forming disease causal agents on 14 days of incubation at 23 ± 2 
0C  

Medium   Conidia  

Cultural characteristics 

Reverse side color and 
shape  

Front side color and 
shape  

MEA + + +  

white irregular shape at 
the center  

greenish-brown 
irregular shape at the 
middle 

white irregular margin 

white irregular 
shape at the  center 

black with a double 
ring in the middle  

white irregular 
margin  

WA - 
very light mycelia with 
irregular black color at 
the center 

very light mycelia 
with irregular black 
color at the center 

PDA + 

brown at the center and 
middle with a white 
regular margin  

black center 
followed by a white 
and brown ring with 
a white ring 

Coon’s + + 
a brown black ring at 
the center followed by a 
regular white ring  

white double-ring 
followed by white 
regular ring  

TSA + + +  yellowish white with 
regular margin  

white with regular 
margin  

- = no condia, + = poor, ++ = fair, and +++ = good 

MEA: Malt Extract Agar, WA: Water Agar, PDA: Potato 
Dextrose Agar, TAS: Triptone Soy Aga 
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Figure 2.  Colony morphology of gall-forming causal diseases agent on different media on 14th day of the incubation period at 23 ± 2 0C.    
MEA: Malt Extract Agar, WA: Water Agar, PDA: Potato Dextrose Agar, TSA: Tryptone Soy Agar  

3.5. Microscopic morphological characteristics  

The microscopic structures pycnidia, chlamydospore, 
and conidia were commonly observed in the 14 days old 
culture of faba bean gall-forming disease-causing isolates. 
Mature pycnidium was often observed on the tip of 

mycelium (Figure 3 A). Chlamydospore was observed 
frequently in a chain and separately on mycelia intercalary 
and terminally (Figure 3 C). Sub cylindrical to the narrow 
ellipsoid shape of conidia with two nuclei were observed 
frequently (Figure 3 B) under light microscope.

 

Medium  A. Reverse side  B. Front side  

MEA  

WA  

PDA  

Coon’s  

TSA  
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Figure 3. The microscopic structure of gall-forming disease causal agent stained with sterilized distilled water, A: Pycnidia, B: Condia, C: 
Chlamydospore

3.6. Effect of temperature and pH on the in-vitro growth 
of gall-forming causal agent 

Incubation temperature significantly (P ≤ 0.05) affected 
the mycelia growth of the gall-forming causal agent. As 
the temperature increased from 20 0C to 25 0C, the mycelia 
growth of the isolates were significantly decreased. On the 
other hand, the current evaluated pH values had not 
significantly influenced the mycelial growth. The 
maximum mycelial growth (86 mm) was recorded at 
temperature 20 0C and pH value 6.50, whereas the 
minimum (72.67 mm) was recorded at temperature 25 0C 
and pH value 7.00 on PDA medium (Figure 4).  At 
temperature 20 0C and pH value 6.5,  88.67 mm  mycelia 
diameter of the gall-forming isolates was recorded on 
Coon’s medium (Figure 5).  Thus, Coon’s medium was 
more suitable for the growth of gall-forming pathogen than 
the PDA medium. The optimum growth of the isolates was 
recorded on temperature 20 0C and pH value 6.50 on both 

mediums.  
Figure 4. The effect of temperature and pH on the mycelia growth 
of gall-forming pathogen on PDA medium at 14th day of the 
incubation period there was no significant difference between bar 
graphs labeled with the same letters, a vertical line on the graphs 
indicates the standard deviation  

Figure 5. The effect of temperature and pH on the mycelial 
growth of gall-forming pathogen on Coon’s medium at 14th day of 
the incubation period  

 there was no significant difference between bar graphs labeled 
with the same letters, a line on the graphs indicates the standard 
deviation 

3.7.  Detached leaves in-vitro pathogenicity test of gall-
forming disease causal agent   

A significant difference (P ≤ 0.05) were observed 
between the average length diameter of the leaf lesion,  
whereas there was no significant difference (P  > 0.05)  in 
the average width diameter of the leaf lesion caused by 
infected stem disc (Experiment 1) and mycelia disc of gall-
forming disease-causing isolates (Experiment 2).   Among 
infected stem disc inoculated leaves, the maximum lesion 
length diameter (28 mm) and width diameter (17.33 mm) 
were recorded by disc 4. But, the minimum lesion length 
diameter (6.66 mm) and width diameter (7.33 mm) 
recorded by infected stem disc 5. On the other hand, the 
maximum lesion length diameter (29.67 mm) were 
recorded by the mycelia disc of isolate 6, whereas the 
maximum lesion width diameter (25 mm) was recorded by 
the mycelia disc of isolate 4. Leaflets inoculated with 
health stem disc and mycelia free agar plug did not 
develop infection symptoms (Table 3 and Figure 6). 
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Table 3. Average leaf lesions in detached leaf pathogenicity test  

Inoculum sources LD of the leaf lesions  (mm) ± SD WD of the leaf lesions (mm) ± SD LD/WD leaf lesions  
Experiment 1     
Infected stem disc 1 14.00a ± 0.00 13.33d ±1.15 1.05 
Infected stem disc 2 15.33a ± 1.15 15.33d ± 1.15 1.00 
Infected stem disc 3 22.00e ± 15.62 12.33d ± 7.37 1.78 
Infected stem disc 4 28.00d ± 21.37 17.33d ± 11.54 1.62 
Infected stem disc 5 6.66b ± 3.05 7.33e ± 3.05 0.91 
Infected stem disc 6 20.67e ± 17.01 10.00e ± 6.00 2.07 
Infected stem disc 7 21.67e ± 21.08 12.67d ± 8.08 1.71 
Infected stem disc 8 24.67d ± 18.58 13.33d ± 8.32 1.85 
Control  0.00f 0.00f   
Average  19.13e ± 6.79 12.71d ± 3.06 1.51 ± 0.44 
CV (%) 35.49 24.07 29.13 
LSD (P = 0.05) 0.73 0.74   
Experiment 2    
Mycelia disc of isolate 1 6.00b ± 0.00 6.00a ± 0.00 1.00 
Mycelia disc of isolate 2 14.00a ± 6.00 13.33d ± 7.02 1.05 
Mycelia disc of isolate 3 10.00g ± 6.00 8.00a ± 3.46 1.25 
Mycelia disc of isolate 4 16.00a ± 5.29 25.00b ± 13.23 0.64 
Mycelia disc of isolate 5 9.33g ± 4.62 9.33c ± 5.03 1.00 
Mycelia disc of isolate 6 29.67d ± 22.37 16.00d ± 10.58 1.85 
Mycelia disc of isolate 7 8.00b ± 6.93 6.00a ± 3.46 1.33 
Mycelia disc of isolate 8 22.67e ± 16.29 12.00d ± 6.93 1.89 
Control  0.00f 0.00f   
Average  14.46a ± 8.11 11.96d ± 6.35 1.25 ± 0.43 
CV (%) 56.12 53.07 34.65 
LSD (P = 0.05) 0.18 0.08   

LD: length diameter of the leaf lesions, WD: width diameter of the leaf lesions, SD: standard deviation  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. In-vitro pathogenicity test on detached leaves, A. Experiment 1: infected faba bean stem disc   B. Experiment 2: Mycelia disc of 
gall-forming disease-causing isolates   

3.8. Pot experiment pathogenicity test of gall-forming 
disease causal agent   

It has been noted that gall-forming disease symptoms 
appeared after thirty days of plant emergence and 

continues until flowering. The symptoms appear on leaves 
and stems. Ten to 25 chlorotic small galls formed on a 
single leaf. The gall progressively enlarged and became 
light brown, circular, or elliptical rough spots (Figure 7 C). 

Control  Control  

A B 
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At the later stage, it turns to black or brown, the tissues 
decay, and a few galls break to form necrotic areas (Figure 
7 D). Galls often coalesce adjacently to form huge galls, 
resulting in rolling up (cupping) and finally kill the 

infected leaves (Figure 7 E). Faba bean seedlings not 
inoculated with the pathogens (control) did not develop 
infection symptoms (Figure 7 B). 

Figure 7. Faba bean gall-forming disease causal agent pathogenicity test in pot experiment during June 2019 – September 2019; A: 14 days 
faba bean seedlings, B: none inoculated with a pathogen, C: inoculated with pathogen D: faba bean gall-forming disease symptoms, E: faba 
bean leaves dead by gall-forming disease. 

3.9. Percent disease incidence and severity index 

During December 2018 – February 2019 (Experiment 
1) and March 2019 – May 2019 (Experiment 2) no isolates 
caused disease incidence on faba bean seedlings (Table 4), 
whereas, during June 2019 – September 2019 (Experiment 
3), both isolates caused faba bean gall-forming disease 
symptoms on all (100%) faba bean seedlings expect in 

control.  The highest significant (P ≤ 0.05) disease 
incidence and severity were recorded on experiment 3 than 
experiment 2, and experiment 1. There was no significant 
difference (P ≥ 0.05) both in disease incidence (100 %) 
and PSI (91 – 95 %) among isolates in experiment 3 
(Table 4).   

Table 4. Disease incidence and severity index of faba bean gall-forming disease-causing isolates in a pot experiment  

Control and disease 
causing isolates 

Experiment 1 (December 2018 – 
February 2019) 

Experiment 2 
(March 2019 – May 2019) 

Experiment 3 
(June 2019 – September 2019) 

Incidence (%) PSI (%) Incidence (%) PSI (%) Incidence (%) PSI (%) 

Control 0 0 0 0 0 0 
Isolate 2 (AAUO2) 0 0 0 0 100 91 
Isolate 3 (AAUO3) 0 0 0 0 100 93 
Isolate 4 (AAUO4) 0 0 0 0 100 95 
Isolate 6 (AAUO6) 0 0 0 0 100 94 
Isolate 8 (AAUO8) 0 0 0 0 100 95 
Average  0 0 0 0 100 93.60 
PSI: a percent severity index 

4. Discussion  

An emerging faba bean gall-forming disease is one of 
the most devastating fungal diseases infecting and 
constraining faba bean cultivation in Ethiopia (Bekele et 
al., 2018). Recently, the disease is expanding in faba bean 
growing areas of the country, especially in altitudes above 
2400 m above sea level (a. s. l.) (Anteneh et al., 2018). 
The pathogen-infected and parasitized in the epidermal 
cells of the faba bean leaf and stem. The host responded 
quickly to the invasion and then it induces the gall 
symptom (Figure 1).  

In this study, culture media strongly influenced the 
growth and conidial productions of faba bean gall-forming 
disease causal agent. Several studies also found similar 
results concerning the effect of culture media on growth, 
sporulation, and other cultural characteristics of various 
types of fungi (Koley and Mahapatra, 2015; Mishra and 
Tripathi, 2015). Coon's culture medium supported the slow 
grower faba bean gall-forming causal agent.  It was found 
to be the most suitable for the preliminary isolation and 

favors the mycelial growth of the fungus under study. This 
could be attributed to the low glucose content of the 
medium and its ability to inhibit other competing fast 
grower fungus.   

Malt extract agar and Tryptone soy agar resulted in 
good and abundant, whereas the rest tested culture media 
showed no (Water agar), poor (Potato dextrose agar), and 
fair (Coon's medium) in conidia production. Good conidia 
production of the media could be attributed to the low 
sugar content of the medium. Similarly, another study by 
Koley and Mahapatra (2015) pointed out that Oat Meal 
Agar (OMA) supported better sporulation of A. solani than 
PDA due to lower sugar content. In contrast to the current 
study, Smita and Dhutraj (2017) indicated that PDA and 
other culture media having good sugar content allowed the 
best mycelial growth of A. solani.  

This study found that the colony characteristics of gall-
forming disease causal isolates on various culture media 
were similar to Phoma related species. Phoma related 
species are associated with disease on many hosts, 
including legumes (Ahmadpour et al., 2017). Besides, the 
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diagnosis of microscopic structures showed that the 
chlamydospore (Figure 3 C) and conidia (Figure 3 B) of 
the isolates were similar to Peyronellaea pinodella. 
Peyronellaea pinodella is associated with a black stem 
(summer back stem) of clover and peas (Johnston et al., 
2017).   

At the same time, temperature significantly influenced 
the mycelia growth rate. Low temperature (20 0C) was 
preferred by gall-forming disease causal isolates among 
the tested temperature. However, 6.5 – 7.5 pH values had 
no significant influence on the mycelia growth of the 
isolates.  In line with our study, Zehra et al. (2017) 
reported that temperature has a great influence on radial 
growth and sporulation of the fungus. The pH values of the 
nutrient medium determine mineral availability and 
influence metabolic rates of the fungus (Poosapati et al., 
2014).  

The artificially inoculated test pathogen on detached 
leaflets produced progressive lesions that expanded from 
the inoculation point through the leaf. The virulence of 
both infected faba bean stem disc and agar plug of each 
isolate were consistent (Table 3 and Figure 6). This result 
coincides with the report of Kayım et al. (2018) and 
Ahmadpour et al. (2017) who reported the effect of leaf 
spot disease on faba bean detached leaves, and the 
pathogenicity of Didymella microchlamydospora causing 
stem necrosis of Morus nigra in Iran, respectively. 
Detached leaf tests could be interesting because they can 
be performed rapidly, and results can be measured in a 
shorter period (5 – 7 days). Light microscopy observations 
demonstrated that the test pathogen can penetrate, 
colonize, and infect the leaf tissues since progressive tissue 
deterioration and cell plasmolysis were observed five days 
after pathogen inoculation. These changes in cell structure 
can be compared with those reported by Ahmadpour et al. 
(2017) and Johnston et al. (2017). 

In a previous study, Bitew and Tigabie (2016) reported 
that at the initial stage small chlorotic galls are formed on 
faba bean leaves, and then progressively enlarge to 
become light brown, circular, or elliptical rough spots. The 
small tumor-like galls are formed adjacently to form huge 
galls, resulting in rolling up and abnormal growth of 
leaves. The current study also found similar disease 
symptoms only during June 2019 – September 2019 
(experiment 3) in the pot experiment pathogenicity test. 
This showed that seasonal variation significantly affected 
the occurrence of disease symptoms on faba bean 
seedlings. The faba bean gall-forming disease incidence, 
conidia germination, and virulence of the fungus 
understudy were favored by the low temperature and high 
humidity of the cropping season. This result coincides with 
Yan (2013) findings who reported on blister disease of 
broad bean in China.  

5. Conclusion and Recommendations 

Coon's culture medium was suitable for the preliminary 
isolation and mycelia growth of faba bean gall-forming 
disease-causing isolates, whereas Malt extract agar and 
Tryptone soy agar supported good conidia formation. 
Seasonal variations significantly affected the incidence of 
faba bean gall-forming disease. Particularly, low 
temperature and high humidity favor disease incidence and 
severity. The macroscopic colony morphology and 

microscopic morphological structures of the test pathogen 
were similar to Peyronellaea pinodella and Phoma related 
species. Therefore, the whole genome analysis and 
molecular characterization should be conducted for further 
confirmation of the disease causal agent.  
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Abstract 

Gracilaria sp. is rich in agar, pigment, carbohydrate and mineral contents. This study aims to determine the content of agar, 
chlorophyll a, carotenoids and nutrient content (protein, carbohydrate, total lipid, ash, water) in Gracilaria sp. grow in 
different habitats with high and low salinity. Samples were brought from high salinity (44+0.33) ppt from the reservoir 
habitat and low salinity (26.98+0.15 ppt) from biofilter’s shrimp waste pond habitat. Salinity and water quality parameteres 
were observed in three different subsites. Agar was extracted by alkali methods. Agar spectra were compared to standard 
agarose and characterized by FT-IR analysis. Results showed that agar content (25.79 ± 0.28%), chlorophyll a (25.79 ± 0.28 
mg/g), carotenoid (5.90 ± 0.07 µmol/g) on low salinity was significantly higher (P<0.05) than high salinity. In high salinity, 
the agar (6.6+0.34%), chlorophyl a (3.62+0.15, carotenoids (0.71+0.1 µmol/g) contents was lower. The protein level of low 
salinity (14.4 ± 0.70%) was also significantly higher compared to high salinity (8.15+0.25%), respectively. The total lipid, 
carbohydrate, water, and ash content were similar. FT-IR analysis spectra show the presence of 3,6-anhydro-L-galactose. 
These can be useful data concerning optimum salinity in Gracilaria sp. culture. 

Keywords: Salinity, Gracilaria sp., Agar, Pigment, Nutrient content 
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1. Introduction  

Naturally, Gracilaria sp. is a euryhaline macroalga 
(Kumar et al., 2010), has grown all over the coast with 
high economic value due to its nutrient content (Du et al., 
2016; Hernandez, 2017). Gracilaria/Gracilariopsis have 
been mostly cultivated in Asia, especially Indonesia and 
China. The production is about 98% of global production 
(FAO, 2016; Kim et al., 2017). Asian people consume 
seaweed daily (Cikos et al., 2018). Seaweed empirically 
improves health and able to reduce the chronic disease 
incidence such as cancer, cardiovascular and heart diseases 
(Rioux et al., 2017; Xu et al., 2017). Gracilaria sp. serves 
as an excellent source of polysaccharide, i.e. agar (Xu et 
al., 2017) also rich in pigmented antioxidants such as 
chlorophyll and carotenoids (Stengel et al., 2015; Asih et 
al., 2019).  Polysaccharides from seaweed are frequently 
related to pharmacological activities (Hamed et al., 2015) 
such as anticoagulant, antioxidant (Yudiati et al., 2018a; 
2018b), antitumor, and immunomodulatory of shrimp 
(Litopenaeus vannamei) (Yudiati et al., 2016, 2019) as 
well as Zebrafish (Yudiati et al., 2020) 

Common salinity at sea in marine waters is around 35 
ppt. Precipitation or freshwater influxes, as in reservoir 
and mangrove areas, may lead to salinity variation from 10 
to 70 (Graham & Wilcox, 2000; Kumar et al., 2010). Some 

former researchers have reported the response of estuarine 
macroalgae to the abiotic factors such as salinity light, pH, 
temperature, nutrient load (Kumar et al., 2010; Choi et al., 
2010)   associated to agar yield (Israel et al., 1999) and 
photosynthetic performance (Phooprong et al., 2007). 
Later studies have also discussed the possible effects of 
environmental stresses on seaweed extracts according to 
its kinetic parameters (Deyab, 2016). 

Salinity has been displayed to the reason of osmotic 
(Kumar et al., 2010) as well as turgor pressure regulation 
(Pereiera et al., 2017). Salinity will improve the 
upregulation and accumulation of the essential enzymes 
(Odat, 2018). The seaweed tolerance to high salinity is 
supported by the internal and external osmotic capacities 
and on elasticity of the cell wall (Wu et al., 2018). When 
the cell is located in hypertonic solution, water will flow 
quickly out of the cell, and turgor pressure will be 
decreased affecting plasmolysis, which is commonly 
permanent. If the cell is located in hypotonic solution, 
water will go into the cell, causing an enlarge of cell 
volume. Salinity in plants also stimulates the ROS 
generation which produces cellular oxidative damage 
when overproduced in large amounts (Luis et al., 2018). 
These mechanisms play a role in combating the 
accumulation of reactive oxygen species (ROS) by a 
diverse set of enzymes such the superoxide dismutase 
(SOD), which dismutase the O2-radicals to H2O2(Luis et 
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al., 2018). Gracilaria sp. is abundant in chlorophyll a and 
carotenoids. The pigment important role is to neutralize 
the free radicals (Sedjati et al., 2020). In some periods of 
time, these mechanisms influence the agar, pigment as 
well as protein and mineral content caused by salinity 
stress. The objective of this study is to determine the agar, 
pigment (chlorophyll a and carotenoids) and nutrient 
content (water, protein, total lipid, ash, carbohydrate) from 
low (reservoir) and high (biofilter habitats) salinity of 
Gracilaria sp.  

2. Materials and Methods 

2.1. Water Quality Parameters 

Measurements of water quality parameters such as 
salinity (Atago Refractometer), pH (pH meter RoHS), 
dissolved oxygen and water temperature (Water Quality 
Checker "Amstast") nitrate and phosphate content was 
administered. Assessment on nitrate content (SNI-06-
2480-1991) was applied spectrophotometrically (Shimadzu 
1900) while the phosphate content was done by Badan 
Standarisasi Nasional methods (SNI-06-2412-1991). 

2.2. Site Location and Sample Preparation  

Sample was collected from low salinity/LS (reservoir) 
and shrimp (Litopenaeus vannamei) pond waste (biofilter), 
which represents high salinity/HS of Center of 
Brackishwater and Aquaculture Development Center, 
Jepara, Central Java, Indonesia (Figure 1). Cordinates of 
sampling sites in HS was S 06°35'12.74"  E 110°39'10.32" 
while in LS was S 06°35'05.64"  E 110°38'49.03". The 
salinity of the reservoir from this study tends to be mild-
low salinity. In contrast, biofilter shallow waters illustrate 
the different condition. The water supply of biofilter came 
from shrimp (L. vannamei) pond waste from uneaten feed 
and shrimp's fecal. Due to the static and unchanged water 
supply, biofilter media was relatively high in salinity.  

The water and Gracilaria sp. sample was taken at three 
different subsites from two different habitats at 800 cm in 
depth. Seaweed was taken randomly. Soon as arrived at 
the laboratory, samples were rinsed with tap water to clean 
up from debris and salt. This was followed by dried up 
samples indoor with room temperature. Dried Gracilaria 
sp. was cut off to 0.5 cm and then stored in a clean and dry 
pack and sealed with aluminium foil  

 
Figure 1. Site location of Gracilaria sp. samples (reservoir and 
shrimp pond biofilter). 

2.3. Pigment Extraction 

Pigment extraction was administered by single 
extraction. Ethyl acetate was used (1:10) to extract the 
dried seaweed for 24 hr maceration at room temperature 
(Hidayati et al., 2019). Whatman no. 41 was used to sieve 
the extract. The extract was then concentrated with a rotary 
evaporator (Bucchi) and stored in a refrigerator and ready 
to use. Percentage of yield was calculated using the 
formula: 
Yield (%) = weight of extract (g)/weight of seaweed x 100% 

2.4. Determination on Chlorophyll a and Caroteniods 
Contents  

Chlorophyll a and carotenoids (Dere, 1993; Harborne, 
1984) content were done spectrophotometrically 
(Shimadzu 1800). Five g of extract was diluted with 
acetone p.a. (1:1) The absorbance of samples was recorded 
at 645 nm, 663 nm dan 470 nm wavelength. The 
chlorophyll a and carotenoids content was determined 
based on this formulation 
Chlorophyll a μg/g sample (Ca) = 12.21 × A663 – 2.81× A646 

Carotenoids μmol/g sample (Cx+c) = 

 

2.5. Agar extraction 

Agar extraction methods were basically done by 
Jayasinghe et al., (2016) with some modifications. Fifty 
grams of dried seaweed was extracted for 1.5 hr in hot 
water (85°C) added with 750 mL NaOH 5%. The extract 
was then rinsed with continuous tap water for 
discoloration. This was followed by aquadest 750 mL and 
homogenized. Acetic acid (CH3COOH) was then added, 
stirred and boiled at ± 90-95°C for two hrs. The agar was 
then sieved, dropped with KCl 6 g, homogenized and 
poured into the container. Finally, 18 hrs later, the gel was 
performed and yield (%) was counted. 

2.6. Nutrient Content 

The proximate analysis was referred to as the 
Association of Official Analytical Chemists (AOAC, 
2005) and conducted to 5 g samples.  
2.6.1. Water content 

Sample was put into the oven (105°C ) for three hrs. 
Dried samples were then placed into dessicator until the 
weight was constant. 

Water content (%) =  x 100% 

a = cup + dried sample  
b = cup without sample 
c = initial samole weight  

2.6.2. Protein Analysis 

Protein analysis was done by Kjeldahl methods, by 
located samples into Kjeldahl vial and destructed using 20 
mL of hot sulfuric acid. The process was continued until 
samples were colorless and clear. This was then diluted 
and distilled with 10 mL of NaOH 10%. The distillate was 
then put into 25 mL of 3% H3BO3 and titered with HCl 
standard using methyl red as an indicator.  The volume of 
titrants was used to calculate the percentage of total 
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nitrogen. The protein level was counted by multiplied the 
total nitrogen and correction factor.   
Total nitrogen % =  mL HCl x NHCl/sample weight  x 14008 x f 

Total protein % = total nitrogen x 6.25 

denoted : f = correction factor (6.25). 

2.6.3. Total Lipid Content 

Total lipid analysis was done by soxhlet methods. 
Dried samples were wrapped with cotton wool. Sample 
was then placed into soxhlet extractor, using diethyl ether 
as solvent. Reflux was conducted by the samples until 
done. Vial was then put into the oven (105°C) and weight. 
The percentage of total lipid was determined by this 
formula:  
Total lipid (%)=  Lipid weight/Sample weight x 100% 

2.6.4. Ash Content 

Sample was weighed and burned at the top of bunsen 
until smoke produced and put in the muffle furnace at 500 
- 600°C until turned to ash formation. Cup was cooled 
down and weighed. The ash content was counted using 
formula:  
Ash content (%) =  ash weight/sample weight x 100% 

2.6.5. Total Carbohydrate 
Total carbohydrate was counted simply by this 

equation:   
Total carbohydrat (%) = 100% - (% ash + % water + % protein + 
% total lipid). 

2.6.6. Characterization of Agar 

Agar characterization was determined by Fourier 
Transform Infrared (FT-IR) spectroscopy (Thermo Nicolet 
380 FTIR, Germany). Samples were mixed with KBr 
pellets (10% w/w). Similar to alginate, the pellet was 
recorded at 4000-500 cm-1 (Yudiati and Isnansetyo, 2017).  

3. Statistical Data Analysis 

All data surveys were analyzed non parametrically 
(Mann Whitney test) using SPSS version 20.0 computer 
software. The laboratory data were analyzed using One 
Way ANOVA (Analysis of variance) using the same 
software, with a 95% level of significance. 

4. Results  

4.1. Water Quality Parameters  

Salinity, nitrate and phosphate contents and others 
water quality parameter LS and HS with three subsites are 
shown in Table 1. There was a differences in salinity, 
nitrate and phosphate contents, while other parameters 
were similar. 

Tab1e 1. Water quality parameters of Gracilaria sp.  grown in 
low salinity (reservoir) and high salinity (pond waste biofilter) 

Parameter LS HS 

Temperature  (°C) 29.74 ± 0.15a 29.70 ± 0.03a 

Salinity (ppt) 26.89  ± 3.15a 44.00 ± 0.33b 

pH 8.0 ± 0a 8.3 ± 0a 

Dissolve Oxygen (ppm) 3.55 ± 0,72a 3.45 ± 0,05 a 

Nitrate (mg/L) 0.43 ± 0.56b 1.77 ± 1.44a 

Phosphate (mg/L) 0.78 ± 0.26b 0.29 ± 0.19a 

4.2. Yield of pigment extraction, chlorophyll a and 
carotenoids content  

Yield, chlorophyll a and carotenoids content in 
reservoir and shrimp pond bioflilter is shown in Figure 1. 
Yield were similar, chlorophyll a and carotenoids of 
Gracillaria sp. sample in reservoir was higher. 

 
Figure 2. Yield, Chlorophyll and Carotenoids Content of 
Gracilaria sp.  grown in high and low salinity. Different 
superscript indicates a significantly difference (p<0.05).  

4.3. Agar Percentage and Characterization 

Percentantion of agar in Gracillaria sp. samples from 
LS and HS is shown at Table 2. Agar characterization of 
sample and standard agarose (Merck, USA) is depicted in 
Figure 3a, b and Table 3. Concentration of agar sample 
from LS habitat was significantly different compared to  
HS (p<0.05). On the other hand, pairwise comparison 
spectra of agar either from low or high salinity were fit to 
the standard. 
Table 2. Percentage agar yield of Gracilaria sp. samples from 
low salinity (reservoir) and high salinity (biofilter)  

Habitat Agar (% w/w) 

LS 25.79 + 0.28 

HS  6.60 + 0.34 
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Figure 3. FT-IR spectra of agar from Gracilaria sp. from low 
salinity, LS (a) and high salinity, HS (b)  

Table 3. The vibration signal of Standard, Low Salinity (LS) and 
High Salinity (HS) of Agar ( 1500- 400 cm-1) 

Location Type of Bonding Wave Number (cm-1) 
Standar Agarose O-H 930.65 bending 

C-H 
 

1378.56 deformation 
891.50 bending 
772.41 bending 

C-O 
 

1159.50 stretching 
1073.15 stretching 

LS O-H 932.72 bending 

C-H 1419.95 bending 
891.27 bending 
662.67 bending 

C-O 1156.23 stretching 
1074.22 stretching 

HS O-H 933.27 bending 

C-H 1417.73 bending 
1277.30 stretching 
659.39 bending 

C-O 1074.93 stretching 

4.4. Nutrient Content 

Percentage of protein, carbohydrate, total lipid, water 
and ash of Gracilaria sp.  samples from LS and HS is 
presented in Figure 4. Protein content of samples from low 
salinity is significantly different from the samples from 
high salinity (p<0.05). On the other hand, other 
concentrations were similar.  

 
Figure 4. Protein, carbohydrate, lipid, water and ash contents of 
Gracilaria sp. grown in LS and HS  

5. Discussion 

5.1. Pigment Yield, Chlorophyll a and Carotenoids 
content of Gracilaria sp. from LS and HS 

In terms of pigment extraction yield, the extraction of 
Gracilaria sp. from LS and HS resulted in a similar yield 
(+ 2,8%) (Fig. 2). This value was possibly derived from 
other source of pigments based on water extraction from 
phycobiliprotein groups. Kumar et al. (2010) reported that 
decline concentration of chlorophyll a and carotenoids was 
in accordance with higher allophycocyanin (APC) and 
phycoerythrin (PE) content in hyper-salinity (45-50 ppt). 
Additionally, the similar researchers stated that the 
increment approximately from 52%  and up to 70%  from 
initial contents. This finding was also in agreement with 
Pereira et al. (2017) that high salinity reducing the 
chlorophyll contents and depigmentation of apices.  

As shown in similar figure, photosynthetic pigments 
i.e. chlorophyll a and carotenoids content of Gracilaria sp. 
samples from the LS (26.98 ppt) was significantly higher 
than HS (44 ppt) (p<0.05). Chlorophyll is a compound 
with free electrons structure from nitrogen atoms (Sedjati 
et al., 2020). Meanwhile, Martinez et al., 2010 stated that 
carotenoids neutralize free radicals in three ways which is 
electron transfer, addition of radical species  and the 
hydrogen abstraction. This indicated that low salinity was 
more tolerable. So, the physiology was relatively normal. 
Moreover, the phenomenon of oxidative stress, osmotic 
and turgor pressure regulation might not appear. In 
addition, chlorophyll a content from the Indonesian North 
Java coast in this study (14.81 µg/g) is distinctly higher 
compared to the study from Thondi Coast, India (8.96 
µg/g) (Rosemary et al., 2019). In addition, visually, the 
colour green intensity of pigment from low salinity was 
much brighter and darker. 

In general, visually, Gracilaria sp. thallus in this 
present study from the LS were thicker and bigger that 
might be indicated the better growth. Pereira et al. (2017), 
Wong and Chang (2000) reported similar results. 
Moreover, Gracilaria 
tenuistipitata from Songkhla Lagoon in Thailand showed 
the best growth rates at the salinity of 25 psu (Bunsom and 
Prathep., 2012).  The growth of macroalgae in the marine 
ecosystem is often decreased in hypersaline water. This is 
due to the cumulative enzyme effects such as reduction of 

a 

b 
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turgor pressure, this then leads to restrict division of cells 
and at last, affected the growth (Lee and Liu, 1999). 

Nitrate content at HS in this study was higher than LS 
(Table 1). This is probably caused by instant efflux 
nutrient from the shrimp pond. Pond’s feed waste and 
shrimp faecal contribute the nitrate content. Nutrient factor 
highly fluctuates on photosynthesis especially nitrate and 
phosphate (Ismail and Osman, 2016). Research by Wu et 
al., (2018) reported that the nitrate and phosphorus uptake 
were higher at lower salinities (less than 20 psu) than 
higher salinity conditions (up to 20 psu). Study from Choi 
et al. (2010) exhibits that nitrate and phosphate uptake of 
macroalgae were greater in certain levels of salinity (20 
and 25 ppt). These reports demonstrate similar suggestion 
to this study. Moreover, the water supply in LS from this 
study was more diverse, either from upside regimes from 
the sea as well as freshwater influxes from the river. Table 
1 noted that phosphate content in LS was higher. The role 
of phosphate pathway is by transferring the high adenosine 
triphosphate (ATP) energy and other high energy 
compounds. This occurs in respiration and photosynthetic 
process (Ismail and Osman, 2016). These researchers’ 
results were similar to our previous data, that 
photosynthetic pigments (chlorophyll a and carotenoids) of 
Gracilaria sp. in LS was higher when compared to the HS 
habitat (data is not shown). 

5.2. Agar Percentage and Characterization 

Data from Table 2 pointed that agar percentage of 
Gracilaria sp. in LS was significantly higher than HS. 
This is probably due to a relationship between salinity and 
the agar content. Research by Sasikumar et al. (1999) 
stated that a high salinity of G. verrucosa in summer 
(43.8‰) was found to be negatively correlated with agar 
yield. The best agar production of Gracilaria tenuistipitata 
(24.8 + 3.0 %DW) in laboratory was found at 25 psu 
(Bunsom and Prathep., 2012).  Rocha et al. (2018) stated 
that, often, yield of agar of G. tikvahiae has been clearly 
connected with salinity and adversely with nitrogen 
content, similarly reported to G. gracil species (Martin et 
al., 2013). Nitrogen concentration in LS, in fact, is lower 
than HS (Table 1). Less concentration of nitrogen, 
synthesis of protein declines in favor of polysaccharide 
synthesis. However, other factors such as nutrient 
availability, environmental and geographic factors, 
seasonal variations can influence the yield, chemistry and 
biosynthesis of agar (Lahaye and Rochas, 1991). 
Moreover, Lee et al. (2017) also stated that it is not easy to 
investigate the effects of a single factor on the yield of 
agar extracted from seaweeds grown in the natural habitat. 

Based on spectra of FT-IR analyses, (Figure 2) shows 
that two Gracilaria sp. samples are fit to the standard 
agarose (Merck) and positively fingerprinted at a specific 
agar (1500-400 cm-1) with galactose bond (around 1070 
cm-1). The vibration signal is slightly different, but overall 
those are agar characterizations. Agarose has a basic 
repeating unit of 1,3-linked β-D-galactopyranose and 1,4-
linked 3,6-anhydro-a-L-galactopyranose. Based on figure 
3 above, there is a 3,6 anhydrogalactose unit at a wave 
number of 928-933 cm-1 (Hii et al., 2015). Observed bands 
at 930 cm-1 indicates O-H bending. The hydroxyl (O-H) 
unit appears at 3400 cm-1 wavenumber. Alkene (CH3 or 
CH2) associated to metoxil appeared at 2900 cm-1. 

Aldehyde group (-CHO) markedly appears at 1600 cm-1 
(Pereira et al., 2009). 

Based on Figure 4, it can be seen that protein content in 
Gracilaria sp. samples from LS was significantly higher 
compared to HS (p<0.05). Protein percentage is related to 
the nitrate content. In high salinity, nitrate compound has 
not taken up, easily (Choi et al., 2010). However, in 
special cases, nutrient uptake can be occasionally 
imbalanced during unfavorable periods of situations 
(Trimmer et al., 2000). 

Results from Table 1 show that phosphate compound 
from the LS habitat was higher, and this may force the 
production of protein in the algal cell.  Energy from 
photosynthesis will be used for amino acid biosynthesis 
that comes from the surrounding water. ATP is energy 
synthesized by photosynthesis, and these surely need 
phosphate. The reduction of protein synthesis triggered the 
decrease of the protein content and this was then affected 
the other cell components such as chlorophyll and other 
pigments (Ismail and Osman, 2016). This phenomenon 
was performed in Gracillaria sp. from HS habitat. 
Compared to other research, protein content in this study 
(14.40%) was higher than G. changii from Sarawak, 
Malaysia (12.57%) (Chan and Matanjun, 2016). Even 
though, this protein content was lower compared to the 
study on G. corticata by Rosemary et al. (2019). 

Carbohydrate percentages form Gracilaria sp. samples 
grown in LS and HS were similar (p>0.05) (Figure 4). 
Carbohydrate content in this study was higher than G. 
changii  (Chan and Matanjun, 2016) and G. edulis 
(Rosemary et al., 2019). Total lipid, water and ash content 
of Gracilaria sp. in both samples was not significantly 
different (p>0.05). Generally, total lipid from all 
macroalgae, including Gracillaria sp. in this research, was 
relatively low at the range of 0.9-40% (Khairy and El 
Shafay, 2013). Seaweed is rich in minerals. The high ash 
content indicates high mineral content. In accordance to 
our finding, the results from Wu et al. (2018) reported that 
nutrient uptake, tissue nutrient contents were affected by 
salinity and the ideal salinity was around 20 psu. This 
information could be beneficial to define optimal salinity 
in Gracilaria sp. culture systems to get the maximal agar 
yield and pigment quality, protein and mineral content. 
This initiates better economic incomes for agarophyte 
farming. 

6. Conclusion 

Agar, chlorophyll a, carotenoids, protein and mineral 
contents of Gracilaria sp. grown from low salinity habitat 
(reservoir) were higher compared to high salinity habitat 
(biofilter shrimp ponds). Other compounds such as the 
total lipid, carbohydrate, water, and ash content from high 
and low salinity were similar. In this study, it can be 
concluded that salinity affected Gracilaria sp. nutrient 
content. Similar to the standard agar, FT-IR spectra from 
different salinity show the existence of 3,6-anhydro-L-
galactose. Our findings can be useful for considering the 
application of Gracilaria sp. culture in the future. 
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Abstract 

Ziziphus spina-christi has been used in traditional herbal medicine for the treatment of fever and inflammatory conditions.  
However, few studies had assessed its toxicological effects. This study was designed to investigate the effect of ethanolic 
leaf extract of Z. spina-christi  on biochemical markers of kidney and liver functions. Fourteen male Wistar albino rats were 
randomly assigned into two groups. Group I was the control group while group II received oral dose of 400 mg/kg ethanolic 
leaf extract daily for 14 days. On the 15th day of treatment, rats were sacrificed and some biochemical parameters were 
evaluated. Then, liver, kidney and heart were taken, weighed and relative organ weight was calculated. Oral dose of leaf 
extract significantly (P<0.05)  increased rats’ serum levels of lactate dehydrogenase and total bilirubin while had no 
significant effect on the other liver enzymes. On the other hand, treatment with the extract significantly increased insulin 
level, decreased triglyceride level and had no significant effect on the other lipid profile components. Kidney function 
parameters were not significantly affected by the extract treatment. However, relative liver and heart weight ratios were 
significantly reduced in (P<0.05)  treated rats. The results of this study have shown that  oral administration of the ethanolic 
leaf extract of Z. spina-christi  did not have deleterious effect on liver, kidney and serum biochemical parameters at the 
dosage used.  

Keywords: Ziziphus spina-christi, lipid profile, Kidney function, Liver function, Wistar rats 
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1. Introduction 

Many people from diverse cultures use traditional 
plants as a source of folkloric medicines. The presence of 
high concentrations of phytochemical compounds in these 
plants promotes attention to evaluate their potential health-
promoting effects (WHO, 1998, Pieme et al., 2006). Since 
synthetic drugs are not often affordable or safe, many 
studies were performed to seek new natural bioactive 
molecules, which are considered to be safe and without 
side effects (Kunle et al., 2012; Mostafavinia et al., 2016).  

Lack of quality control and scientific evidence for the 
efficacy and safety of medicinal plants are major concerns 
that have been raised recently; since many plants were 
consumed at  higher dosages and for long time, they could 
be toxic and directly impact the physiological function of 
the body (Nuhu and Aliyu (2008; Herrine, 2018). 
Therefore, there is a need for more scientific evaluations 
on their efficiency and potential toxicity. 

Ziziphus spina-christi belongs to the family 
Rhamnaceae. It is commonly called sedr. It has been used 
as a medicine in Arabic herbal traditions, especially in 
Jordan (Abu-Hamdah et al, 2005; Khaleel et al., 2016). 
The most common therapeutic properties of the Ziziphus 
are antioxidant, anti-cancer, antibacterial, antivirus and 
anti-inflammation properties (Khaleel et al., 2019). The 

major active components of Z. spina christi are flavonoids, 
tannins and phenolic compounds (Khaleel et al., 2018). 
Despite the wide spread use of this plant, there are a few 
specific scientific reports on the evaluation of its 
toxicological effects. Therefore, this study was designed to 
assess the kidney and liver function indices in male Wistar 
albino rats administered ethanolic leaves extract of Z. 
spina-christi. Serum biochemical parameters, body and 
organ weight changes were also screened. 

2. Materials And Methods  

2.1. Preparation of crude plant extracts  

Ziziphus spina-christi leaves (herbarium collection 
number 3543)  were collected from different locations of 
Jordan valley in spring. The leaves were air dried, ground 
into a powder and soaked in 75% ethanol. The plant 
material was then shaken overnight at (30°C) on a shaker 
for 48 hrs, then filtered, and dried by rotary evaporator and 
weighed (Khaleel, 2013).  

2.2. Experimental Animals and Dosing  

Fourteen  male Wistar albino rats weighing between 
185 and 245 g were obtained from the Department of 
Biological Science, Faculty of Science, Yarmouk 
University, Jordan. The rats were divided into two equal 
groups. Each group was kept in a plastic cage and housed 
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in a well ventilated 12 h light and dark cycle. Commercial 
standard diet and water was supplied for 14 days. This 
study was performed according to the protocol of animal 
experiments and confirmed by the research and ethics 
committee of the department of biological sciences at Al al 
Bayt University, Mafraq, Jordan. 

 For a period of 14 consecutive days, experimental 
animals orally received  Z. spina-christi ethanolic leaf 
extract (400 mg/kg), whereas control group orally received 
normal saline for the same period (Bannoth et al., 2015) .  

2.3. Body and organs weights 

Animals were individually weighed at the beginning 
and at the end of the experiment using an electronic 
weighing balance. Body weight change of rats in each 
group was calculated and expressed in percentage (%). 
Liver and kidney were harvested and weighed, from which 
the relative liver and kidney weights per 100 g body 
weight of rat was calculated according to the following 
equation: 
Relative organ weight=[organ weight (g)/body weight (g)] × 100 

2.4. Blood sampling   

Animals were sacrificed on the 15th day by cervical 
dislocation. Blood was collected in a wax embedded tube 
and serum was separated by centrifugation at 5000 rpm for 
10 min and collected in a different tube and kept in freezer 
till the time of assay. 

2.5. Biochemical analysis   

Different serum biochemical parameters were 
determined using commercially available diagnostic kits 
from Biosystems S.A. Costa Brava, Barcelona (Spain). 
Serum samples were analyzed for the levels of aspartate 
aminotransferase (AST), alanine aminotransferase (ALT) , 
alkaline phosphatase (ALP),  lipase, and lactate 
dehydrogenase, and for the levels of glucose, insulin, low-
density lipoproteins (LDL), high-density lipoproteins 
(HDL), total protein, creatinine, cholesterol, triglyceride, 
total bilirubin, uric acid and urea. All tests were analyzed 
according to the manufacturer’s instructions. 

2.6. Statistical analysis  

Data were analyzed using two-sample t-test.  Values 
were expressed as means ± SD of three replicates. A 
probability value P<0.05 was considered to be statistically 
significant.  

3. Results 

3.1. Effects of Ziziphus leaf extract on liver function 
parameters in rats 

Following oral administration of 400 mg/kg doses of Z. 
spina christi, serum ALP level was reduced compared to 
the control group. However, ALP level  wasn’t 
significantly different between  treated group and the 
control group.  ALT and AST levels were not significantly 
(P>0.05) increased in treated rats. On the other hand, the 
treated rats showed a significant (p<0.05) elevation of 
LDH and total bilirubin levels (Figure 1).  

Figure 1. Liver enzymes  (A) and total bilirubin (B) levels in 
control and extract-administered (treated) rats. Values were 
reported as mean ± SD (n=3 replicates). Asterisk (*) indicates a 
statistical significance (P<0.05). 

3.2. Effects of Ziziphus leaf extract on the kidney 
function parameters and total protein concentration in 
rats 

The effects of the plant extract on the kidney functions 
of the rats are revealed in Figure 2. The treated and control 
rats showed no significant difference (p< 0.05) in the 
levels of urea, uric acid and creatinine (Figure 2A). 
However, there was a significant elevation in total protein 
concentration in treated group compared to the control 
group (Figure 2B).  

Figure 2. Creatinine, urea, uric acid  levels (A) and total protein 
concentration (B) in control and extract administered (treated) rats  
Values were reported as mean ± SD (n=3). Asterisk (*) indicates a 
statistical significance (P<0.05). 
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3.3. Effect of Ziziphus leaf extract on serum glucose and 
insulin levels in non-fasting rats  

Extract-administered rats (treated) showed reduction in 
glucose level, but this reduction wasn’t significantly 
different from the control. On the other hand, treated rats 
showed a significant (P<0.05) increase in insulin level as 
compared with control group (Table 1). 
Table 1. Serum glucose and insulin levels in control and extract-
administered (treated) rats (non-fasting) 

Values were reported as mean ± SD (n=3). Asterisk (*) indicates a 
statistical significance (P<0.05). 

3.4. Effect of Ziziphus leaf extract on serum lipid profile 
in rats 

 As shown in Figure 3,  extract-administered rats 
(treated) showed reduction in the levels of serum 
triglyceride, cholesterol and LDL, and increase in the 
levels of serum HDL and lipase, when compared with 
control group. However, only triglyceride reduction was 
significantly different (P<0.05) between treated rats and 
the control. 

Figure 3.  Cholesterol, triglyceride, LDL, HDL (A) and lipase 
level (B) in control and extract administered (treated) rats. Values 
were reported as mean ± SD (n=7). Asterisk (*) indicates a 
statistical significance (P<0.05). 

3.5.  Effects of Ziziphus leaf extract on rat’s body weight 
and relative organ weight. 

The mean body weights of rats treated with Ziziphus 
extract did not significantly (P< 0.05) differ from controls 
(Table 2). However, the computed relative liver and heart 
weight ratios were significantly (P<0.05) decreased in 
treated rats (Table 2). This study illustrated that 400 mg/kg 
dose of Ziziphus extracts did not cause mortality in treated 
rats. 

Table 2. Body weight change, and kidney, liver and heart indices 
in control and extract-administered (treated) rats.  

Values were reported as mean ± SD (n=3 replicates). Asterisk (*) 
indicates a statistical significance (P<0.05). 

4. Discussion 

Many plants have a variety of properties and various 
biological components that can be used to treat various 
diseases. However, some medicinal plants have potential 
to impair a particular organ or organs’ function in many 
ways (Nuhu and Aliyu, 2008; Herrine, 2018). This study 
was designed to assess the liver and kidney functions and 
serum biochemical indices in male Wistar albino rats 
administered ethanol  leaves extract of Z. spina christi, a 
Jordanian medicinal plant. 

Liver enzymes such as ALT, AST, LDH and ALP were 
used to evaluate the hepatic dysfunction. The increased 
liver enzyme activities significantly reflect liver 
hepatocytes necrosis and cholestasis, and the high level of 
transaminases causes inflammation or hepatocellular 
disorders (Ali et al., 2005, Lavanaya et al., 2011 ). In the 
present study, the oral administration of the Ziziphus 
extract to rats resulted a significant increase in LDH level 
which coincided with insignificant reduction of  glucose 
level in rats’ serum (Table 1)  suggesting that glucose may 
have gone through glycolysis to produce pyruvate/lactate. 
However, there was no significant difference in the 
glucose level between treated rats and control which might 
suggest that  lactate was converted back to pyruvate then 
to glucose through gluconeogenesis (Andrew et al., 2005). 
On the other hand, insignificant change in the serum levels 
of ALT, AST and ALP levels  was found in treated rats 
compared with the control (Figure 1). It can be observed 
that the changes in the three enzyme levels are not 
consistent to indicate liver damage. Although  it was 
insignificant, the reduction in the levels of alkaline 
phosphatase (ALP), as observed in this present study, 
could be an indication of a good effects of Ziziphus extract 
on both liver and bone, since the two main sources of ALP 
are liver and bone. These findings are in agreement with 
the observations of Nwanjo (2007) and Ibrahim et al., 
(2016) when they reported insignificant increases in AST 
and ALT levels in serum to indicate non-hepatotoxic 
effects of the Phyllanthus nisruri leaf extract and  tuber 
extracts of  M. psuedopetalosa, respectively. Moreover, it 
was reported that ALT, AST and ALP levels 
insignificantly increased after treating Wistar rats with 
500mg/kg oral dose of Senecio aureus extract (Osuigwe 
and Margret, 2017). On the contrary, El-Desouky (2014) 
reported that oral administration of ethanolic  Ziziphus 
mauritiana leaf extracts resulted in a significant decrease in 
level of ALT and AST enzymes in serum of γ-irradiated 
rats. The same observations were obtained in rats 
administered Anthyllis henoniana  ethyl acetate flowers 
extract (Ben Younes et al., 2018). By contrast, rats treated 
with ethanolic leaf extract of Sorghum bicolor  showed 
extremely significant (P<0.05) elevated levels of AST, 

 Control Treated 
% Weight change 2.2±9.8 17.4±13.6 
Kidney index 0.82±0.01 0.70±0.071 
Liver index 4.1333±0.25 3.1333±0.41 * 
Heart index 0.4933±0.04 0.3367±0.07 * 

 CONTROL Treated 

Glucose (mg/dl) 149.6±8.5 133.0±7.0 

Insulin  (ulU/mL)   0.7±0.01 0.80±0.02* 
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ALT and ALP, which  indicated intra-hepatic cell damage 
due to the extract administration (Ogunka-Nnoka et al., 
2012). Elevated levels of serum bilirubin, as in certain 
diseases, is an index of liver damage and the major 
breakdown product of red blood cells (Baranano et al., 
2002; Tano et al., 2013). Osuigwe and Margret (2017) 
found that 500mg/kg oral dose of Senecio aureus extract 
significantly increased total bilirubin level in Wistar rats 
suggesting a possible liver damage in the treated rats. In 
the present study,  compared with the control, the serum 
total bilirubin concentration  increased significantly 
(P<0.05) in extract-administered rats with  bilirubin 
concentration of 0.2±0.0  mg/dL(Figure 2). However, the 
serum total bilirubin values were still within the normal 
range (0.1-0.55 mg/dL). 

Creatinine, urea and uric acid are major catabolic 
products of protein metabolism, and an elevation in their 
serum levels may indicate renal dysfunction (Renugadevi 
and Prabu, 2010; Mehrdad et al., 2011). Compared with 
the control (Figure 2), significant  differences (p <0.05) 
were not observed in the levels of creatinine, urea and uric 
acid in control and extract-administered rats. This indicates 
that the leaf extract had no negative effect on the kidneys. 
However, significant difference exists between the treated 
and control rats in the levels of serum total protein, which 
implies that the extracts might be able to improve protein 
synthesis. Determination of  serum or plasma protein 
levels is clinically valuable and reflects major functional 
changes in kidney and liver functions (Leena et al., 2011). 
Low total protein levels may suggest liver and/or  kidney  
disorders in which protein is not digested or absorbed 
properly. High total protein level may be seen in cases of 
chronic inflammation or liver infections (Ighodaro et al., 
2015). These results of kidney functions are in agreement 
with the findings reported by Ashafa and Olunu (2011) on 
toxicity of leaf extracts of Marinda lucida.     

According to the biochemical analysis, Ziziphus extract 
exhibited good improvement in biological evaluation of 
glucose, insulin and lipid profile. Wistar albino rats given 
leaf extracts of Z. spina-christi showed reduction in the 
levels of cholesterol, triglycerides, LDL, as well as 
elevation in the level of serum Insulin and HDL (Table 1, 
Figure 3). This effect may be due to the inhibition of 
dietary lipid absorption in the intestine, or low level of 
lipolysis and/or low activity of cholesterol biosynthesis 
enzymes which are under the insulin control (Ahmadvanda 
et al., 2012). A similar result was reported by Al-Qudah et 
al., (2016) who reported that treatment of diabetic rats 
with ginger extract produced a significant decrease in 
serum level of glucose, cholesterol and triglycerides and 
increase insulin and HDL-C levels when compared with 
untreated diabetic group. Furthermore, Seufi et al., (2019) 
found that 150mg/kg oral dose of Morus nigra leaf extract 
significantly decreased serum triglycerides level in  
chlorpyrifos-exposed male Albino rats.  

There was no significant change in the weights seen in 
all animals treated with ethanolic leaf extract of Z. spina-
christi at a dose of 400 mg/kg. However, the relative liver 
and heart weights of the animals treated with the plant 
extract significantly decreased (Table 2). The decrease in 
the weight of these organs might be due to the anti-
nutritional bioactive components such as tannin probably 
present in the plant extract. (Alebachew et al., 2014).  

Generally, the observed medicinal value of ethanolic 
extract of Ziziphus might be due to the phytochemicals 
composition of the extract which are flavonoids, tannins 
and phenol compounds (Khaleel, et al., 2016; 2018b). 
There is, however, a need for further study so that the 
molecular mechanism of the observed protective effect and 
the actual active principles in the extract could be 
delineated.  

5. Conclusions 

The current study suggests that oral administration of 
the ethanolic leaf extract of Z. spina-christi  is relatively 
safe and did not have deleterious effect on liver, kidney  
and  on the serum biochemical parameters at the dosage 
investigated,  but may have the tendency to cause 
reduction in the relative organ weights in rats.  Studies for 
extended period are suggested to determine if the 
prolonged continuous use of the extract might cause 
challenge on the functional capacity of the organs.  
Histological studies are recommended for further 
assessment. 
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Abstract 

Stem and bulb nematode, Ditylenchus dipsaci (Kuhn, 1857), is a severe pest on garlic and other vegetables causing 
yellowing of leaves and rotting of bulbs. The existence of D. dipsaci in Indonesia was first reported in Temanggung, 
Central Java, in 2018. These researches aim to determine the distribution area, identification, and the genetic relationship 
of D. dipsaci which attacked garlic in Central and East Java. The study was conducted by sampling garlic plants attacked 
by D. dipsaci and extraction-isolation by immersion method. Species identification was carried out morphologically, 
morphometrically, and molecularly using PCR techniques. The results showed that D. dipsaci has been spread on garlic 
plants in Central Java (Magelang, Temanggung, Karanganyar, Tegal, and Brebes) and East Java (Malang and 
Mojokerto). The varieties that were attacked were Lumbu Kuning, Lumbu Hijau, Sangga Sembalun, and Tawangmangu 
Baru. The highest population was found in Kaliangkrik, Magelang, with 53.46 nematodes (5 g bulbs)-1. Based on 
morphological and morphometric identification, the species found was D. dipsaci. Based on molecular identification, 
samples from Jabung Mojokerto and Malang Poncokusumo were amplified at ± 600 bp with the D2A / D3B primers in 
the 28s rDNA region. D. dipsaci, found in East Java, was an indigenous Indonesian species based on phylogenetic 
studies. 
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1. Introduction  

The import value of garlic (Allium sativum L.) in 
Indonesia reaches 559 728 t yr–1 or 96.6 % of the 
consumption of garlic in Indonesia (Ministry of 
Agriculture - Republic of Indonesia, 2018). Planting 
imported garlic seeds is one of the government's efforts 
to achieve garlic self-sufficiency. However, imported 
garlic seeds can be a carrier media for quarantine pests. 
Ditylenchus spp. is one of the quarantine pests that can 
be spread in Indonesia through imported seeds. 
Ditylenchus species that have attacked garlic plants are 
Ditylenchus dipsaci Kuhn, 1857 (Pethybridge et al., 
2016) and Ditylenchus destructor Thorne, 1945 (Yu et 
al., 2012). D. dipsaci can cause yield losses in garlic 
plantations by 15.33 % to 90 % (Abawi and Moktan, 
2010; Yavuzaslanoğlu et al., 2015). 

Ditylenchus spp. or stem and bulb nematodes mainly 
attack the host plant's root, tubers, and stems. The 
infective stage of this nematode is the fourth juvenile.  
Attacked plants show stunted growth, yellowing and 
twisting leaves.  Infested bulbs are necrotic and tend to 
rot with dark to a black colour, becoming soft 
(Yavuzaslanoglu et al., 2015). 

D. dipsaci is found in various temperate (Wulandari 
and Indarti, 2020; Wulandari et al., 2021), subtropical to 

tropical regions such as Europe and the Mediterranean 
region, North and South America, North and South 
Africa, Asia (China, India, Iran, Iraq, Israel, Japan, 
Taiwan, Turkey, Kazakhstan and South Korea) and 
Oceania (CABI, 2018). Ditylenchus spp. can be spread 
through infected tubers, seeds, crop residues, attached 
soil, and other plants or weeds as alternative hosts. 
Planting infected seeds will increase the attack and losses 
incurred compared to the previous planting season 
(Sikora and Fernández, 2005). As with plant-parasitic 
nematodes, such as root-knot nematodes, infection of  
Ditylenchus spp. exhibits poor growth, a loss in quality 
and yield of the crop (Youssef and El-Nagdi, 2021) 

Ditylenchus spp. has been found in garlic plants in 
Temanggung Regency, Central Java, and is considered 
D. dipsaci based on symptoms of an attack and 
morphological characters (Indarti et al., 2018). A survey 
of the D. dipsaci distribution area is needed to prevent 
the spread of nematodes to other regions in Indonesia. 
This study aims to determine the distribution area, 
identification, and genetic relationship of D. dipsaci 
which attacked garlic in Central and East Java, 
Indonesia. 
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2. Materials and Methods  

2.1. Nematodes sampling and population analysis 

Nematode samples were taken by purposive sampling 
method or by taking symptomatic garlic plants during 
2019 at garlic plan in 20 d to 120 d after planting. 
Sampling locations were Magelang, Temanggung, 
Karanganyar, Tegal and Brebes Regency (Central Java 
Province) and Mojokerto and Malang (East Java 
Province). Nematodes were extracted from bulbs and 
roots by the water immersion method (Zhang et al., 
2013). Bulbs and roots were cut into small pieces then 
immersed in water for 24 h at 18 °C to 25 °C.  The water 
was filtered with 10 mesh sieve to get a clean suspension 
nematode. The nematodes of each sample were counted 
for their population. 

2.2. Nematodes identification 

Identification of nematodes consisted of 
morphological, morphometric and molecular 
identification. Morphological identification was carried 
out by observing esophagus shape, overlapping the 
esophageal gland with the intestines, the number of 
lateral lines, tail shape and spiculum (EPPO, 2017; 
Karssen and Willemsen, 2010). Morphometric characters 
were c value (body length/tail length) of female, female 
body length, stylet length, vulva-anus length and 
spiculum length (EPPO, 2017). The polymerase chain 

reaction (PCR) technique was used for molecular 
identification. DNA nematodes were extracted using the 
modified CTAB method (Devi et al., 2013). The primers 
used were D2A ACAAGTACCGTGAGGGAAAGTTG) 
and D3B (TCGGAAGGAACCAGCTACTA) targeting 
the 28s rDNA region (Douda et al., 2013). PCR was 
carried out with an initial denaturation stage at 95 °C, 1 
min; 30 cycles of denaturation at 95 °C, 15 s, annealing 
at 57 °C, 15 s and extension at 72 °C, 10 s; final 
synthesis at 72 °C, 5 min; and the final temperature at  
4 °C. 

3. Results and Discussion  

3.1. Distribution area of Ditylenchus dipsaci 

The distribution area of D. dipsaci was determined 
based on the population of D. dipsaci in the affected 
garlic plants. In the field observations, garlic plants 
attacked by D. dipsaci showed yellowing leaves, twisting 
leaves, and rotting bulbs. These symptoms are in 
accordance with Sikora and Fernández (2005) which 
stated that the symptoms of Ditylenchus attack on garlic 
are yellowing leaves and rotting tubers. Garlic bulbs 
attacked by Ditylenchus become brighter, turn dark 
brown, shrink and eventually show cracks and rot due to 
additional activity from saprophytic soil organisms 
(Abawi and Moktan, 2010). 

Table 1. Ditylenchus spp. population on the garlic bulbs in Central and East Java 

Location Varieties 
Altitude  
(m a.s.l.) 

Soil temperature 
          (°C) 

Population   
(5 g bulb)–1 

Adipuro, Kaliangkrik, Magelang Lumbu Kuning 1 420 to 1 748 19.5 52.06 

Adipuro, Kaliangkrik, Magelang Tawangmangu Baru 1 408 to 1 766 21.0 53.46 

Tuksari, Temanggung Lumbu Kuning 1 203 25.4 7.60 

Paguyangan, Brebes Sangga Sembalun 1 013 26.0 27.44 

Tuwel, Bojong, Tegal Tawangmangu Baru 975 25.0 9.99 

Tuwel, Bojong, Tegal Lumbu Putih 975 26.0 0.00 

Kalisoro, Tawangmangu, Karanganyar Tawangmangu Baru 1 183 20.0 0.00 
Kalisoro, Tawangmangu, Karanganyar Lumbu Kuning 1 183 19.0 0.00 
Kadipekso, Jenawi, Karanganyar Sangga Sembalun 1 023 25.0 4.61 
Segoro Gunung, Ngargoyoso, Karanganyar Lumbu Kuning 1 085 24.7 6.5 
Segoro Gunung, Ngargoyoso, Karanganyar Tawangmangu Baru 1 087 25.0 6.8 
Sajen, Pacet, Mojokerto Lumbu Hijau 712 22.3 20.81 
Padusan, Pacet, Mojokerto Lumbu Hijau 867 24.1 11.38 
Padusan, Pacet, Mojokerto Lumbu Kuning 853 23.5 0.00 
Taji, Jabung, Malang Lumbu Hijau 1 173 22.3 10.87 
Gubugklakah, Poncokusumo, Malang Lumbu Kuning 1 100 23.8 46.97 
Gubugklakah, Poncokusumo, Malang Lumbu Hijau 1 100 23.8 44.49 

m a.s.l. = meter above sea level 

D. dipsaci was detected in the center of garlic crops 
in Magelang, Temanggung, Karanganyar, Tegal and 
Brebes (Central Java) and Mojokerto and Malang (East 
Java)         (Table 1). The infested varieties of garlic were 
Lumbu Kuning, Lumbu Hijau, Tawangmangu Baru, and 
Sangga Sembalun, and all of them were local varieties. 
Lumbu Kuning is the most widely cultivated variety due 
to its relatively short growing age (105 d to 116 d). 

The highest population of D. dipsaci was found in 
Kaliangkrik, Magelang, Central Java (53.46 nematodes 

(5 g bulb) –1). D. dipsaci population that could affect the 
number and weight of tubers is 14.29 (g of planting 
medium) –1 or 500 nematodes (g tuber peels)–1 (Mwaura 
et al., 2015a). Ditylenchus populations in all regions are 
under the damage rate but have caused damage to bulbs 
and leaves. 

Nematode population is influenced by abiotic factors 
such as temperature, humidity, soil texture, and other soil 
properties (Mulyadi, 2009). Garlic plants were planted at 
various heights from 712 m to 1 766 m a.s.l. (Table 1). 
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Nematodes prefer cold and humid climatic conditions in 
the highland tropics (Sikora and Fernández, 2005). Soil 
temperatures during the day ranged from 19 °C to 26 °C. 
D. dipsaci has an optimal temperature range of 17 °C to  
20 °C, but can still cause significant tuber damage at                        
26 °C (Mwaura et al., 2015b). 

3.2. Identification and genetic relationship of 
Ditylenchus dipsaci 

Morphological and morphometric identification were 
the first steps to identify Ditylenchus species. 
Morphological character observed: body almost straight 
when relaxed (Fig. 1A), lip region slightly offset, stylet 
not long, knobs rounded (Fig. 1B), basal bulb not 
overlapping intestine (Fig. 1C), and terminus tail tend to 
tapering-conoid (Fig. 1D). Nematode body lengths 
ranged from 0.4 mm to 0.6 mm (Table 2), different from 
the reference (0.8 mm to 1.9 mm). However, all-female 
body length /tail ratios (c) were identical to D. dipsaci. 
Stilet length ranged from 7 µm to 13 µm. The length of 
the nematode spiculum in Kaliangkrik and Gubugklakah 
ranged between 23 µm to 24 µm and 22 µm to 23 µm. 

The same species can have different body lengths based 
on host type and temperature (Hazir et al., 2001). D. 
dipsaci, maintained in carrot callus, is shorter than 
nematodes found in garlic plants (Hajihassani et al., 
2017). Based on the morphological and morphometric 
characters, the species of the nematode was Ditylenchus 
dipsaci. 

Morphological and morphometric identification were 
the first steps to identify Ditylenchus. Electrophoresis 
results showed that two samples from Jabung, 
Mojokerto, and Poncokusumo, Malang, were amplified 
at ± 600 bp (Fig 2).  The results of the phylogenetic 
analysis showed that D. dipsaci from Jabung, Mojokerto 
has a close genetic relationship with D. dipsaci from 
Poncokusumo, Malang (Fig. 3). D. dipsaci from Malang 
and Mojokerto have close genetic relations with D. 
dipsaci from various countries but belong to different 
groups. These results indicated that D. dipsaci was 
genetically different from various countries and was an 
indigenous Indonesian species.

Figure 1. Female body of Ditylenchus dipsaci.: body almost straight when relaxed (A), lip region slightly offset, stylet not long, knobs 
rounded (B), basal bulb not overlapping intestine (C), and terminus tail tend to tapering-conoid (D). 

Table 2. Morphological and morphometrical characteristics of Ditylenchus dipsaci 

 D. dipsaci (EPPO, 
2017) 

D. dipsaci 
Kaliangkrik, 
Magelang 

D. dipsaci 
Paguyangan, Brebes 

D. dipsaci  
Pacet, Mojokerto 

D. dipsaci 
Jabung, 
Mojokerto 

D. dipsaci 
Poncokusumo, 
Malang 

c (body length/tail 
length) of female 

11 to 20 12 to17 11 to 14 11 to 13 13 to 16 11 to 20 

Female body length 
(mm) 

(1.0-) 1.1  
(-1.7) 

(0.45-) 0.52 
 (-0.59) 

(0.50-) 0.55  
(-0.62) 

(0.34-) 0.46  
(-0.75) 

(0,3–) 0,4                         
(–0,5) 

(0.31-) 0.41                         
(-0.64) 

Stylet length (µm) 10 to 12 10 10 to 13 9 to 10 7 to10 8 to 10 
Vulva-anus                                
(tail length) 

1.75 to 2.25  2.22 to 2.86  2.20 to 3.42  2.00 to 3.50  2.25 to 3.01  
 

2.00 to 3.67  

Spiculum length (µm) 23 to 28 23 to 24 - - - 22 to 23 
Form of the tail terminus Pointed Pointed Pointed Pointed Pointed  Pointed 
Posterior bulb Not overlapping Not overlapping Not overlapping Not overlapping Not overlapping Not overlapping 
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Figure 2. Gel electrophoresis micrograph showing amplicons obtained from PCR reactions; Samples from Jabung Mojokerto (1) and 
Malang Poncokusumo (2) were amplified at ± 600 bp with the D2A / D3B primers in the 28s rDNA region        

Figure 3. Phylogenetic tree test samples compared to several other nematode species that have been published in the NCBI Database. 
The method used is the Neighbor-joining (NJ) Kimura 2-parameter model 1.000 bootstraps.

4. Conclusion 

D. dipsaci distribution areas in garlic plants in Central 
and East Java include Magelang, Temanggung, 
Karanganyar, Tegal, Brebes, Malang, and Mojokerto 
Regencies. Based on morphological and morphometric 
identification, the Ditylenchus species found was                                
D. dipsaci in all affected areas. D. dipsaci which attacked 
garlic in East Java, was an indigenous Indonesian 
species. 
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Abstract 

This work described the ten cowpea accessions using morphological, agronomical, and molecular characterization and select 
the desirable cowpea accession for improvement. Twenty-four characteristics were quantitative attributes. Data 
demonstrated by the Principal Component Analysis (PCA) increasing in some components associated with a decrease in 
eigenvalues, which gave its max at three factors. The PCA was arranged into three main components, which altogether 
valued at 63.40%. The matrix of PCA data is standardized. The coordinates were calculated for Bi-plot mapping using the 
Perceptual Mapping (PERMAP). Radiata accessions (1 and 2) fell into a group. Unguiculata accessions are classified 
further into two sub-groups. The accessions (4 and 6) dropped into a sub-group, and the rest gathered into another sub-group. 
The PCR-based marker technique, SSR markers, were also analyzed. These markers gave a total of 64 alleles with 51.32% 
of polymorphism. A total of 26 alleles were polymorphic. The most informative markers were EH03, EH09, EH06, and 
EH07. The SSR-phenogram had classified into two main groups at a distance of 0.34. The first one comprises accessions 1 
and 2. The second fell further into two sub-groups at a distance of 0.52.  

KeyWords: Vigna, SSR, SCoT analysis, Principal Component Analysis (PCA), PERMAP Bi-plot mapping. 

                                                 
* Corresponding author  e-mail: ehab.mahdy@arc.sci.eg. 
** Abbreviations: SSR= Simple Sequence Repeats; SCoT= Start Codon Target; PCA= Principal Component Analysis; PERMAP Bi-plot= 

Perceptual Mapping Bi-plot analysis; Nb= no. of alleles; MB= no. of monomorphic band; PB= no. of polymorphic band; P%= 
polymorphism; PIC= polymorphic information content; EMR= effective multiplex ratio; MI= marker index; I= Shannon informative 
index; Ho= observed heterozygosity; He= expected heterozygosity; uHe= unbiased heterozygosity; F= fixation index. 

1. Introduction: 

Vigna possesses more than 150 species originating 
especially in Africa and Asia (Maréchal et al. 1978; 
Norihiko et al. 2010, 2014). Vigna species proliferate in 
Africa and Asia and grow well below a greater diversity of 
environmental conditions, including climatic, soil, and 
cultural features more than most legume crops. They are 
used as pulses, fodder, and cover crops (Norihiko et al. 
2010, 2014; Dachapak et al. 2017; Karuniawan et al. 
2006). Having the same uses in Egypt, both species own 
an excellent protein source, especially 
the unguiculata than radiata.  

For its improvement, acknowledge the nature and 
magnitude of genetic divergence are essential for the 
selection of diverse parents for a breeding program to get 
an abroad sense of gene recombination for quantitatively 
inherited traits. Agronomical traits play a significant role 
in studying and characterizing accessions for a long. 
Molecular marker analysis with morphological and 
agronomic evaluation data increase the resolving power of 
genetic diversity analysis and provide complementary 
information (Shrivastav et al. 2012).  

Recently, more sensitive DNA-based techniques like 
Inter-Simple Sequence Repeat (ISSR), Cleaved Amplified 
Polymorphic Sequence (CAPS), Simple Sequence Repeats 
(SSR), and Start Codon Taget (SCot) markers are most 
suitable because of easiness in handling, reproducibility, 
multi-allelic nature, codominant inheritance, relative 
abundance and genomic wide coverage (Powel et al. 
1996). The SSRs are groups of short tandem repeated 
nucleotides scattered in the genome.  

SSR markers are a valuable tool for genetic mapping, 
genotyping and marker-assisted selection in breeding due 
to their characterization of codominant loci, high allelic 
variation and even distribution (Hernandez et al. 2002). 
This technique is becoming the marker of choice because 
of its high polymorphism and occurrence throughout the 
genome. Recently, more efforts are devoted to developing 
SSR markers in various crops. In cowpea SSR analysis, 
the earliest research was conducted by Li et al., 2001, and 
twenty-seven primers have developed. Africa is the 
diversity centre of wild cowpea, as established by 
Ogunkanmi et al (2008) using SSR analysis.  

Start codon targeted (SCoT) polymorphism has 
recently emerged as a new and promising marker 
technique for the genetic diversity assessment in plants 
(Collard and Mackill 2009) due to longer primer sequences 
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and reproducibility. The SCoT marker is designed based 
on the conserved region surrounding the translation 
initiation codon, ATG (Sawant et al. 1999). A single 
primer is used for SCoT to amplify DNA without prior 
genomic sequence information. The SCoT could directly 
be used in marker-assisted breeding programs, unlike 
random markers (Mulpuri et al. 2013). SCoT markers 
could evaluate fruitfully genetic diversity, genetic 
structure, cultivar identification, quantitative trait loci 
(QTL) mapping, and DNA fingerprinting in various crops 
such as orange (Jiang et al. 2011), date palm (Al-Qurainy 
et al. 2015), Pistacia species (Amirbakhtiar and Sorkheh 
2015), mango (Leo et al. 2011), and jojoba (Heikrujam et 
al. 2015). 

This investigation assessed the genetic diversity of ten 
cowpea accessions, representing two Vigna 
species. Vigna radiata and V. unguiculata subspecies cv-
group: unguiculata procured by National Gene Bank of 
Egypt from different local districts. Morphological and 
agronomical traits as well as molecular markers are used to 
select desirable accessions for cowpea improvement. 

2. Materials and Methods 

The viable ten accessions representing two accessions 
of V. radiata and eight of V. unguiculata subspecies cv-
group: unguiculata were procured from local 
regions (Table 1) by National Gene Bank (NGB), 
Agricultural Research Centre (ARC), Giza, Egypt. Those 
selected for this study act as the desirable accessions 
deposited in NGB, which are more than one hundred 
accessions of Vigna. 

2.1. Morphological data: 

Experimentations were carried out in the field of 
National Gene Bank (NGB), Agricultural Research Centre 
(ARC), Giza, during 2015. The observations follow the 
standard format descriptor lists for Vigna (IBPGR 
1983). The data comes from the mean of the twenty-five 
healthy mature plant materials for each. The 
morphological terminology follows Stearn (1973). The 
herbarium voucher-specimens and clean mature seeds 
were deposited and stored at the herbarium and store-
rooms of NGB based on the standard of gene bank (IPGRI, 
1994). 

Table (1): List of studied accessions of genus Vigna. 

Code Taxa Accession 
No. 

Collected 
date 

Collected 
area 

1 Vigna radiata 
Varity: radiata 

19538 2005 Giza 
2 19537 2004 Giza 
3 

Vigna unguiculata 
Subspecies: 
unguiculata cv-
group: unguiculata 

14176 2008 Dakhla 
4 13884  2008 Dakahlyia 
5 101 2010 Luxur 
6 27301 2007 Sohag 
7 26983 2007 Qena 
8 26981 2007 Qena 
9 26945 2007 Aswan 
10 26738 2006 Menyia 

2.2. Genetic variation detected by SSR and SCoT 
analysis: 

Total genomic DNA from 5g of fresh young leaf tissue, 
collected from five random plants per accession, was 
extracted following the Zymo Research Kit. 
Electrophoresis was made on 1% agarose gel 
electrophoresis at 100 Volt for 30 min. The total genomic 
DNA was diluted to 10 ng/μl of PCR analysis. Ten SSR 
primers representing 11 linkage groups designed 
previously by Kongjaimun et al. (2012) and Wang et al. 
(2004) and 17-SCoT primers chosen from Collard and 
Mackill (2009) of Vigna species under study evaluated as 
shown in Table 2. The PCR reactions perform in a 20 μl 
reaction mixture containing 10 ng template DNA, 200 μM 
dNTPs, 250 nM of each primer, 1.5 mM MgCl2, 1x PCR 
buffer, and 1unit Taq DNA polymerase. The PCR 
amplification was performed with an initial denaturation at 
94°C for 5 min followed by 35 cycles of 94°C for 1 min, 
50 to 60°C (depending on the primer, see Table 2) for 1 
min, 72°C for 2 min, and a final extension at 72°C for 5 
min before cooling at 4°C (Collard and Mackill, 2009; 
Kongjaimun et al., 2012).  

Each amplicon profile is defined by the presence (1) or 
absence (0) of bands based on the band positions relative 
to the ladder sequentially from the smallest to the largest-
sized bands. Band profiles are variable when identifying 
one polymorphic band, at least. Fragments were scored as 
1 if present or 0 if absent based on standard marker using 
Alpha Ease FCTM (version 4.0.1) software. The cluster 
analysis was computed as the Un-weighted Pair-group 
Method with Arithmetic averages (UPGMA) method to 
generate a dendrogram for studying the relationship among 
accessions based on Nei and Li (1979). Unique alleles 
defined as those were detected in only one species. A 
binary matrix was then transformed into genetic similarity 
(GS) matrices using Jaccard’s coefficient (Jaccard, 1908). 
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Table (2): Sequences of SSR and SCoT markers used for Vigna accessions under study. 

Code Marker Primer sequence Tm 

SSR Primer: 

Eh01 CEDG088 F: TCTTGTCATTTAGCACTTAGCACG R: TTGTTGTTTACTAAGAGCCCGTGT 60 

Eh02 CEDG086 F: GAGTTTACAACAGATGGGGCTAA R: AGGTCTTGATTGACTTTCTGGGT 60 

Eh03 CEDG073 F: GGTTAGCATCTGAGCTTCTTCGTC R: AACACCCGCCTCTTTCTCC 60 

Eh04 CEDG044 F: TCAGCAACCTTGCATTGCAG R: TTTCCCGTCACTCTTCTAGG 57 

Eh05 CEDG056 F: TTCCATCTATAGGGGAAGGGAG R: GCTATGATGGAAGAGGGCATGG 60 

Eh06 CEDG006 F: AATTGCTCTCGAACCAGCTC R: GGTGTACAAGTGTGTGCAAG 57 

Eh07 CEDG014 F: GCTTGCATCACCCATGATTC R: AAGTGATACGGTCTGGTTCC 57 

Eh08 CEDG013 F: CGTTCGAGTTTCTTCGATCG R: ACCATCCATCCATTCGCATC 57 

Eh09 CEDG010 F: TGGGCTACCAACTTTTCCTC R: TGAGCGACATCTTCAACACG 57 

Eh10 FER F: TCGCAAAGTTGCCAGTCAGT R: TAGAAGGAAGGAGGGCATG 42 

SCoT Primers: 

S01 SCoT-02 ACCATGGCTACCACCGGC S10 SCoT-14 ACCATGGCTACCAGCGCG 

S02 SCoT-03 ACGACATGGCGACCCACA S11 SCoT-16 CCATGGCTACCACCGGCA 

S03 SCoT-04 ACCATGGCTACCACCGCA S12 SCoT-24 CCATGGCTACCACCGCAG 

S04 SCoT-05 CAATGGCTACCACTAGCG S13 SCoT-28 CAACAATGGCTACCACCA 

S05 SCoT-06 CAATGGCTACCACTACAG S14 SCoT-34 ACGACATGGCGACCAACG 

S06 SCoT-09 ACAATGGCTACCACTGCC S15 SCoT-35 AACCATGGCTACCACCAC 

S07 SCoT-11 ACAATGGCTACCACTACC S16 SCoT-45 ACCATGGCTACCACCGAG 

S08 SCoT-12 CAACAATGGCTACCACCG S17 SCoT-48 CACCATGGCTACCACCAG 

S09 SCoT-13 ACCATGGCTACCACGGCA   

2.3. Statistical analysis 

The averages and standard errors were calculated for all 
morphological attributes. The Principal Component 
Analysis (PCA) calculates for morphological attributes 
was based on Johnson (1998). The data matrix of linkage 
among accessions and morphological attributes were 
standardized. The coordinates estimate for Bi-plot 
mapping is based on the perceptual mapping (PERMAP).  

Polymorphism information content (PIC) values were 
calculated by Anderson et al. (1993) based on the formula: 

  for co-dominant marker and 
for dominant marker; where: Pi is 

the frequency of the ith alleles, and q is the null allele 
frequency. The resolving power (Rp) for each primer was 
calculated as Rp = ΣIb where: Ib (band informativeness) 
takes the value: Ib = 1 – (2 × (0.5 – p)) and p is the 
proportion of the genotype of different Vigna accessions 
containing that band (Prevost and Wilkinson, 1999). The 
Marker Index (MI) calculates according to Varshney et al. 
(2007) as per the following formula: , 
where , where: 
n is he average number of fragments amplified by 
accession to a specific system marker (multiplex ratio) 
and, β is the number of polymorphic loci (PB) and the 
number of non-polymorphic loci (MB); 

. 
Data sets derived from all averages of attributes were 

fed into SPSS (version. 14.0) and StatistiXL adding in 
Microsoft Excel (Kovach Computing Service, 2013, 
version. 1.8) Program, as well as conducted on GenAlEx 
(Peakall and Smouse, 2006). 
 

3. Results and Discussion 

3.1. Diversity revealed by morphological attributes 

3.1.1. Morphological characterization: 
Vigna radiata (L.) R. Wilcz. variety radiata 
An annual herb, erect or sub-erect, up to 50 cm. stems 

bristly hairy. Leaves trifoliolate, leaflets elongate-ovate, 
Flowers pale yellow 1.7 –2.0 cm long. Pods horizontal, 
linear-cylindric, 4-10 cm long and 4-6 mm broad, with a 
dark brown, short, spreading, bristly indument; the 9-12 
seeds are greenish to brown, oblong-cylindric to 
subglobose (Rhomboid), 4.2-4.9 x 3.2-3-8 mm. 

Two accessions (1 and 2) were accessed from the 
National gene bank of Egypt. For more details of 
morphological attributes, see Table (3 and 4) and plate (1, 
2, and 3). 

Vigna unguiculata (L.) Walp. subspecies 
unguiculata cv-group unguiculata E.Westphal 

Annual herb, erect or sub-erect, spreading, up to 200 
cm tall, glabrous. Stems usually procumbent, often tinged 
with purple. Leaves are trifoliolate and alternate. The 
terminal leaflet is often bigger and longer than the two 
asymmetrical laterals. Leaflets are ovoid-rhombic, entirely 
or slightly lobed, apex acute, 7.5–15 cm long, 5–11 cm 
wide. Petiole, stout, grooved, 7–15 cm long. The 
inflorescence is axillary; peduncles are 2.5–15 cm long. 
Flowers are white, cream, yellow, and calyx campanulate 
with triangular teeth; the upper two teeth are connate and 
longer than the rest. Corona is dull-white, yellow, or violet 
with standard 2–3 cm in diameter and keel truncate. Pods 
are curved, straight, 8-20 cm long with 8-14 seeds/pod. 
Seeds 5–10 mm long, 4-7mm width, globular to reniform, 



 © 2021  Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4 778 

smooth or wrinkled, brown, green buff or white, as 
dominant color; full-colored, spotted, marbled, speckled, 
eyed, or blotched.  

A total of the rest, eight accessions were accessed from 
National Gene Bank. For more details of morphological 
attributes, see Table (3 and 4) and plate (1, 2, and 3). 

Soliman et al. (2008) reported that the plant hairiness, 
flower color, pod wall thickness, cotyledon color, seed 
color, eye pattern and color, seed turgidity, and seed 
crowding are the most significant morphological attributes 

to distinguish among subgenera. The type of germination, 
the thigmotropic movements of hypocotyl and the stem, 
seedling architecture, and plant longevity were recorded 
by Ojeda et al. (2013) on four species of Vigna Savi. 
These characteristics permitted us to distinguish the 
species and construct an identification key that could be 
useful for agronomic or floricultural purposes. Selvakumar 
and Kumari (2015) reported that the color of seeds is 
differed subsequent generations due to the different gene 
actions, which confirm a further progeny. 

 

  

  

  

  

  
Plate (1): Leaf and flower shapes of the studied accessions of cowpea. For accession name, see table (1). The scale bar equals 15 cm.
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Plate (2): Pods of the studied accessions of Vigna. For accession name, see table (1). The scale bar equals 1 cm. 

 
Plate (3): Seeds of the studied accessions of Vigna. For accession name, see table (1). The scale bar equals 1 m
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Table (3): Morphological characters of the studied accessions of Vigna. For accession ID, See table 1. 

Code 

Accession ID 

Characteristics 

1 2 3 4 5 6 7 8 9 10 

          

1 Growth habit (1.Erect; 2.Prostrate; 3.Climbing) 3 3 3 3 3 3 3 3 3 1 

2 Growth Pattern (1.Determine; 2.Indetermine) 2 2 2 2 2 2 2 2 2 2 

3 Twinning tendancy (0.None; 3.Slight; 5.Intermediate; 7.Pronounced) 3 3 7 7 7 5 5 3 7 7 

4 Plant pigmentation (0.None; 3.Slight; 5.Intermediate; 7.Extensive; 9.Solid) 0 0 3 0 0 0 0 3 0 0 

5 Plant hairiness (3.Glabrescent; 5.Short appressed hairs; 7.Pubscent to hirsute) 7 7 3 3 3 3 3 3 3 3 

6 Plant vigor (3.Non-vigorous; 5.Intermediate; 7.Vigorous; 9.Very vigorous) 3 3 9 9 9 9 9 7 7 9 

7 Leaf color (3.Pale green; 5.Intermediate; 7.Dark green) 7 7 7 7 7 7 7 7 7 7 

8 Terminal leaflet shape (1.Deltoid; 2.Ovate; 3.Ovate-Lanceolate; 4.Acute; 
5.Cuneate; 6.Lobed) 2 1 2 2 3 1 5 2 2 5 

9 Leaf marking (0.Absent; 1.Present) 0 0 0 0 0 0 0 0 0 0 

10 Leaf texture (1.Cariaceous; 2.Intermediate; 3.Membranous) 3 3 3 3 3 3 3 3 3 3 

11 Flowering pigment pattern (0.White; 1.Wing pigmented, standard with V-
shaped; 2.Pigmented margins on wing; 3.Pigmented, standard slightly 
pigmented; 4.wing with pigmented upper margins; 5.completely pigmented) 

1 1 1 1 1 1 1 1 1 1 

12 Raceme position (1.Mostly above canopy; 2.In upper canopy; 3.Throughout 
canopy) 1 1 1 1 3 1 3 1 3 1 

13 Flower color (1.White; 2.Violet; 3.Mauve-pink; 4.Purple; 5.Yellow) 5 5 3 3 3 3 3 3 3 5 

14 Pod attachment to peduncle (3.Pendant; 5.30-90° down from erect; 7.Erect) 7 7 5 7 5 7 7 7 7 5 

15 Immature pod pigmentation (0.None; 1. Pigmented tip; 2.Pigmented Sutures; 
3.Pigmented Valves, green Sutures; 4.Splashes of Pigment; 5.Uniformly 
pigmented) 

0 0 0 0 0 0 0 0 0 0 

16 Pod curvature (0.Straight; 3.Slightly straight; 5.Curved; 7.Coiled) 3 3 3 3 3 3 3 3 3 3 

17 Number of pods per peduncle 2 2 2 2 2 2 2 2 2 2 

18 Seed crowding (0.None; 3.Semi-crowded; 5.Crowded; 7.Extremely crowded) 0 0 0 3 0 3 0 0 0 0 

19 Seed shape (1.Kidney; 2.Ovoid; 3. Crowder; 4.Globose; 5.Rhomboid) 5 5 5 1 5 1 5 5 5 1 

20 Seed color  (1.White; 2.Cream; 3.Brown splash or grey; 4.Chocolate; 5.Red; 
6.Green; 7.Black; 8.Mottled and speckled; 9.Other) 6 6 8 2 7 1 5 8 5 2 

21 Testa pattern (0.No pattern; 1.Entire line; 2.Striped; 3.Marbled; 4.Dotted; 
5.Little rhomboid spotting only on one side of hilum; 6.Little romboid spotting 
on both sides of hilum; 7.Much rhomboid spotting on both sides of hilum; 
8.Holestein pattern) 

0 0 3 0 0 0 0 1 0 0 

22 Testa texture (1.Smooth; 3.Smooth to rough; 5.Rough (fine reticulation); 
7.Rough to wrinkled; 9.Wrinkled (coarse folds on the testa)) 1 1 1 1 1 9 1 1 1 1 

23 Eye pattern (0.No eye; 1.Eye as a thin circle around hilum; 2.Eye as 2 thin 
lines on both sides of hilum; 3.Eye as 2 thick lines on both sides of hilum; 
4.Eye forms almost triangular shape; 5.Large eye, more or less shapeless, 
becoming frayed; 6.Eye like a butterfly; 7.Mottled eye) 

1 1 1 1 0 3 1 1 1 3 

24 Eye color (0.Eye absent (white, cream); 1.Brown splash or grey; 2.Tan brown; 
3.Red; 4.Green; 5.Blue to Black; 6.Blue to black spots or mottle; 7.Speckled; 
8.Mottled; 9.Mottled and speckled; 10.Other) 

1 1 5 0 5 5 5 5 5 1 

25 Splitting of testa (0.Absent; 1.Present) 0 0 0 0 0 0 0 0 0 0 

26 Attachment of testa (0.Testa not firmly attached to seed; 1.Testa firmly 
attached to seed) 1 1 1 1 1 1 1 1 1 1 
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Table (4): Morphological characters of the studied accessions of Vigna. 

Code Characteristics 1 2 3 4 5 6 7 8 9 10 

27 Plant Height (cm) 37.5 39 134 137 62.7 107 115 48 45 204 

28 Number of main branches 3.67 3.5 3.33 2.67 3.17 3.17 3 3 2.8 3 

29 Terminal leaflet length 11.7 11.7 10.7 10.2 8.06 17.2 12.4 11 14 15.1 

30 Terminal leaflet width 5.82 6.31 3.98 5.15 4.99 5.73 4.39 3.6 3.8 4.48 

31 Terminal leaflet ratio (length/width) 2 1.85 2.68 1.98 1.62 3.01 2.83 3.1 3.6 3.38 

32 Stipule length 6.99 6.34 6.02 3.08 3.39 7.01 4.99 6 4.4 3.52 

33 Stipule width 3.9 3.28 2.92 0.92 2.18 3.53 3.3 2.8 2.9 1.99 

34 Stipule ratio (length/width) 1.79 1.93 2.06 3.36 1.56 1.99 1.51 2.1 1.5 1.77 

35 Days to flowering (week) 8 8 7 8 8 9 8 9 10 10 

36 Days to first pods (after flowering) 7.33 10 9.83 9.5 7.17 9.5 9.83 10 6.8 10.2 

37 No. of flowers per plant 19.2 18.2 25.8 21.2 14.5 20 22.2 18.8 20.2 23.3 

38 Standard length 0.96 1.93 1.95 1.98 2.07 2.04 1.97 2 2.2 1.92 

39 Number of pods per plant 17.3 14.2 22.7 16 13.2 18 19.8 18 19 21.2 

40 Pods: Flower ratio 0.9 0.78 0.88 0.76 0.91 0.9 0.89 0.9 0.9 0.91 

41 Pod Length 9.75 7.8 7.7 18.4 11.1 15.4 10.4 9.15 10.7 10.6 

42 No. of seeds / pod 10.2 9.7 10.8 12.2 10.8 11.3 10.7 8.9 11.2 11 

43 seed density (seeds no./cm) 1.05 1.24 1.4 0.66 0.98 0.73 1.03 0.97 1.04 1.03 

44 Seed length (cm) 0.48 0.48 0.61 0.87 0.5 0.92 0.68 0.66 0.68 0.79 

45 Seed width (cm) 0.38 0.37 0.42 0.54 0.41 0.66 0.45 0.44 0.46 0.57 

46 Seed thickness (mm) 2.9 3.1 2.5 4 2.3 4.1 3 2.7 2.4 3.5 

47 Seeds shape ratio (length/width) 1.26 1.3 1.45 1.61 1.22 1.39 1.51 1.5 1.48 1.39 

48 weight of 100 seeds (gm) 4.33 3.93 6.5 14.5 12.1 18.2 5.24 4.8 5.78 12.4 

3.1.2. Principal Component Analysis (PCA) 

Data presented in Table (5) demonstrated that an 
increase in the number of components (PC) was associated 
with a decrease in eigenvalues. This trend reached its 
maximum at three factors. Accordingly, it is reasonable to 
assume that the PCA had grouped the estimated variables 
into three main components, which all accounted for 63.4 
% of the total variation of attributes.  

The results showed that PC1 correlates well with the 
attributes of the weight of 100 seeds, Seed thickness, Seed 
width, seed length, No. of seeds/pod, pod length, pod 
attachment to the peduncle, plant height, and plant 
hairiness. Meanwhile, the PC2 correlates well with the 
attributes of terminal leaflet width and the number of main 
branches. The PC3 correlates well with eye pattern, 
terminal leaflet length, terminal leaflet ratio no. of 
pods/plant, stipule width, and growth habit. Variables that 
significantly correlated with the first three eigenvectors 
were the variables with great variability. Data show that 
PC1 accounted for about 31.65% of the variance among 

attributes; PC2 for 18.21%, and PC3 for 13.54%. 
Therefore, the traits of seed are the weight of 100-seeds, 
seed thickness, seed width and length, and the number of 
seeds per pod, following the attribute pod Length, terminal 
leaflet width, and length, plant height, plant hairiness, eye 
pattern, pod attachment to peduncle showed to affect the 
significant grain yield characters. 

The factor loading is the coefficient of PCs or the 
correlation between the component and the variables. This 
correlation indicates that the variables are associated 
directly with the maximum of variation thru the data set. A 
similar result, Yin et al. (2002), reported that the wheat 
grain yield could be classified into three key components. 

The main reason for plant collection is to obtain raw 
materials that increase useful gene pools for crop 
improvement. According to Johnson (1998), PCA is a 
more useful statistical tool for screening multivariate data 
with significantly high correlations. PCA data assists the 
breeders to identify limited traits for use in hybridization 
and selection programs.  
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Table (5): Loading factor and Eigenvalue of the correlation matrix for the estimated variables of Vigna under study using the PCA. 

Attributes  PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 

Growth habit 0.54 -0.51 -0.35 -0.10 -0.30 -0.30 0.14 -0.27 0.22 
Twinning tendency -0.26 -0.52 0.04 0.62 0.32 0.08 -0.35 -0.13 -0.16 
Plant pigmentation -0.64 0.69 0.21 0.06 -0.20 0.09 0.11 -0.06 0.09 
Plant hairiness 0.69 -0.57 -0.24 0.04 0.06 -0.30 -0.03 0.17 -0.08 
Plant vigor  0.20 -0.49 0.14 -0.20 -0.57 0.01 0.21 0.45 -0.30 
Terminal leaflet shape 0.44 -0.12 0.48 -0.57 -0.03 0.38 -0.22 -0.20 0.05 
Days to flowering -0.13 -0.45 -0.32 -0.71 0.06 -0.06 0.33 0.22 0.10 
Raceme position -0.29 0.49 0.51 0.03 -0.64 0.09 -0.04 -0.05 0.05 
Flower color  -0.02 0.51 0.02 -0.11 0.54 0.59 0.28 0.11 -0.05 
Pod attachment to peduncle  0.73 0.48 -0.26 0.17 0.34 -0.11 0.03 -0.06 -0.02 
Seed shape  -0.91 -0.31 -0.10 -0.12 0.17 0.08 0.12 0.05 0.04 
Seed color -0.86 -0.40 -0.17 0.14 0.11 0.02 -0.17 -0.03 -0.07 
Testa pattern  -0.23 -0.54 0.00 0.72 0.18 -0.21 -0.07 -0.22 0.06 
Testa texture 0.48 0.35 0.31 -0.06 0.59 -0.44 -0.08 0.05 0.07 
Eye pattern 0.66 0.16 0.72 0.09 -0.02 -0.10 -0.08 0.01 0.05 
Eye color -0.11 -0.64 0.03 -0.23 0.65 -0.29 -0.05 0.14 0.02 
Plant Height 0.71 -0.27 0.15 0.36 -0.45 -0.19 0.07 0.14 -0.03 
No. of main branches -0.71 0.39 0.36 0.19 -0.06 -0.42 0.01 -0.02 -0.02 
Terminal leaflet length  0.52 0.13 0.76 -0.14 0.22 0.01 0.15 -0.02 0.18 
Terminal leaflet width  -0.10 0.92 0.00 -0.02 -0.12 -0.29 0.05 0.12 0.16 
Terminal leaflet ratio  0.41 -0.54 0.60 -0.11 0.24 0.30 0.05 -0.12 0.06 
Stipule length  -0.44 0.33 0.53 0.30 0.55 -0.13 0.06 0.00 -0.03 
Stipule width -0.55 0.15 0.60 -0.08 0.44 -0.18 0.26 0.10 0.00 
Stipule ratio 0.44 0.35 -0.50 0.56 0.00 0.26 -0.10 -0.17 -0.10 
Days to flowering 0.44 -0.12 0.48 -0.57 -0.03 0.38 -0.22 -0.20 0.05 
Days to first pods 0.31 -0.02 0.24 0.68 -0.05 0.17 -0.23 0.53 0.11 
No. of flowers/plant 0.34 -0.39 0.33 0.64 -0.12 0.06 0.43 -0.08 0.08 
Standard length 0.43 -0.48 -0.26 -0.14 0.23 0.08 -0.29 0.23 0.55 
Number of pods per plant 0.24 -0.60 0.53 0.40 0.00 0.01 0.33 -0.12 -0.07 
Pods: Flower ratio -0.09 -0.51 0.49 -0.41 0.14 -0.36 -0.05 -0.08 -0.40 
Pod Length 0.79 0.37 -0.40 -0.08 0.14 -0.01 0.09 -0.08 -0.17 
No. of seeds / pod 0.72 0.04 -0.34 -0.07 -0.15 -0.27 0.44 -0.23 0.14 
seed density -0.69 -0.39 0.27 0.31 -0.22 -0.11 0.08 -0.03 0.36 
Seed length 0.96 0.00 0.08 0.11 0.22 0.08 0.03 0.01 -0.04 
Seed width 0.94 0.10 0.23 -0.03 0.17 -0.14 -0.08 0.00 -0.03 
Seed thickness 0.75 0.59 0.12 0.24 0.01 0.03 0.03 0.17 -0.03 
Seeds shape ratio 0.54 -0.32 -0.21 0.35 0.25 0.57 0.24 0.05 -0.03 
weight of 100 seeds 0.82 0.21 -0.14 -0.09 0.03 -0.45 -0.21 -0.04 -0.03 
Eigenvalue 12.35 7.10 5.28 4.40 3.85 2.49 1.47 1.10 0.96 
Variability (%) 31.65 18.21 13.54 11.29 9.88 6.38 3.78 2.81 2.46 
Cumulative % 31.65 49.86 63.40 74.69 84.57 90.95 94.73 97.54 100.0 

3.1.3. Perceptual Mapping (PERMAP) – Bi-plot 
analysis: 

For getting the linkage among the studied accessions 
and the most useful morphological attributes, the matrix 
was standardized, and coordinates were computed for Bi-
plot mapping using perceptual mapping (PERMAP) as 
shown in Figure (1). 

PERMAP-Biplot shows that the attributes of plant 
hairiness, stipule length, flower color, and a number of 

main branches are most significant to 
separate radiata (accessions 1 and 2) in a group. 
Meanwhile, the rest of the unguiculata accessions are 
further fell into two groups. The traits of seed thickness, 
seed crowding, pod length, testa texture, the weight of 
100-seeds, and stipule ratio split the accessions (6 and 4) 
in a group, whereas the rest of the accessions were fell 
into one group. 
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Figure (1): Perceptual mapping (Bi-plot) of the studied accessions of genus Vigna (Table 1) for morphological attributes Table (3 and 4).  

3.2. Genetic diversity among Vigna accessions: 

To find more identification among accessions, they 
were analyzed by the PCR-based marker technique, SSR. 
The SSR markers employed revealed a total of 64 alleles 
ranging from 9 to 3 alleles with 51.32% of polymorphism 
and an average of 6.11 loci by the marker. Table 6 
summarizes the data obtained for all the analyzed loci. The 
polymorphism percentages ranged from 11.11% for EH09 
to 75% for EH10. 

The slight difference between mean Ho compared to 
the He probably due to one or more reasons. This might 
reflect small inbreeding and selection against 
heterozygotes. The markers used might also back to the 
observed heterozygosity on account of the non-detection 
of homozygotes because of the null alleles. The Ho values 
varied from 0.0 to 0.3, with an average value of 0.1. The 
highest Ho was 0.3 for EH05 and EH06. The Major PIC 
(He) value was 0.86 for EH08 and the minor value (0.62) 
for EH03; with an average PIC of 0.67. MI values 
oscillated from 0.85 for EH10 to 13.12 for EH06 primer, 
with a mean of 5.73. The Shannon’s index (I) average was 
1.63 for all primers, the lesser value was EH03 (1.03), and 
the major was 2.10 (EH08). The most informative primers 
for this data set were EH03, EH09, EH06 and EH07, while 
the primers EH10, EH02 and EH08 were less informative 
ones. The effective number of alleles (Ne) is a reciprocal 
of gene homozygosity (Hartl and Clark 1997). The 
effective number of alleles (ENA) used to corollary the He 
(when heterozygosity is high, and ENA will be highest). 
Ne ranged from 2.6 for EH03 to 7.4 for EH08 with an 

average of 4.9 per loci. Markers attributes like I, He and 
MI have been used in different studies to evaluate the 
informative or discriminatory power in the primer 
combination in genetic diversity studies (Tatikonda et al. 
2009). 

The slight difference between mean Ho compared to 
the He probably due to one or more reasons. This mirrors 
small inbreeding, selection against heterozygotes. This 
marker might naturally back to the Ho by means of the 
non-detection of homozygotes due to the null alleles. The 
Ho values varied from 0.0 to 0.3, with an average value of 
0.1. The highest Ho was 0.3 for EH05 and EH06, whereas 
the Major PIC (He) value was 0.86 for EH08 and a minor 
value (0.62) for EH03; with an average PIC of 0.67. MI 
values oscillated from 0.85 for EH10 to 13.12 for EH06 
primer, with a mean of 5.73. The Shannon’s index (I) 
average was 1.63 for all primers, the lesser value was 
EH03 (1.03), and the major was 2.10 (EH08). The most 
informative primers for this data set were EH03, EH09, 
EH06 and EH07, while the primers EH10, EH02 and 
EH08 were less informative ones. The Ne is a reciprocal of 
gene homozygosity (Hartl and Clark 1997). The Ne used 
to corollary the He (when heterozygosity is high, ENA will 
be highest). The Ne ranged from 2.6 for EH03 to 7.4 for 
EH08 with an average of 4.9 per loci. Markers attributes 
like I, He and MI have been used in different studies to 
evaluate the informative or discriminatory power in the 
primer combination in genetic diversity studies (Tatikonda 
et al. 2009). 
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Table 6. Details of marker parameters estimated for SSR markers used in Vigna accessions under study. 

Marker Size(bp) Na PB P% Ne Ho He EMR MI I 

Eh01 149-181 4 2 50 2. 8 0.0 0.64 4 2.56 1.28 
Eh02 130-207 7 2 28.57 5. 6 0.0 0.82 4 3.28 1.83 
Eh03 464-504 3 3 100 2.6 0.0 0.62 9 5.58 1.03 
Eh04 155-197 7 3 42.86 6.3 0.0 0.84 9 7.56 1.89 
Eh05 350-679 8 2 25 5. 3 0.3 0.81 4 3.24 1.85 
Eh06 344-540 7 4 57.14 5.4 0.3 0.82 16 13.12 1.81 
Eh07 354-563 6 3 50 4.4 0.1 0.77 9 7.02 1.62 
Eh08 247-477 9 3 33.33 7.4 0.2 0.86 9 7.83 2.10 
Eh09 122-135 4 3 75 3.3 0.0 0.70 9 6.3 1.28 
Eh10 104-189 9 1 11.11 6.4 0.2 0.84 1 0.85 2.04 
Average  6.11 2.78 51.32 4.90 0.10 0.76 7.4 5.734 1.63 

Na= no. of alleles; PB= no. of polymorphic band; P%= polymorphism; Ne= no. effective alleles; Ho= observed heterozygosity; He= 
expected heterozygosity; EMR= effective multiplex ratio; MI= marker index; I= Shannon informative index. 

The SSRs are turning out to be the marker of choice as 
a result of their high polymorphism and repetitions in the 
genome. Great efforts are recently powerful to the 
development of SSR markers applied with various species. 
In mungbean, polymorphic SSR markers were published 
by various researchers (Gwag et al. 2006; Somta et al. 
2008; Kumar et al. 2002 a and b).  

In a study by Somta et al (2008), more than 200 primer 
pairs while amplifying SSRs were tested for 
polymorphism among 17 mungbean accessions, however, 
only 12 (5.7%) primer pairs were polymorphic. 
Tangphatsornruang et al (2009) assessed 60 polymorphic 
SSRs. In the mungbean, the number of SSRs reported is 
not enough for studying genetic diversity with high levels 
of polymorphism. There is an elementary need to raise the 
number of SSR polymorphism for genetic mapping and 
marker-assisted improvement in mungbean. The 
development of SSRs is a costly and time-consuming 
endeavor. The SSR development takes in the construction 
of SSR-enriched libraries, cloning and sequencing, which 
is costly and labor-intensive (Yu et al. 2009). In this work, 
the SSR markers showed a high percentage of 
polymorphism, and it could be useful for DNA and 
genomic fingerprinting. It may be due to the highly 
polymorphic, abundant nature of the microsatellites due to 
slippage in DNA replication (Weber and May 1989).  

The details of SCoT primer parameters data are shown 
in Table (7). The implied seventeen SCoT-primers showed 
a total of 153 amplified bands (ranged from 4 to 14 bands) 
with 69.93% of polymorphism. The polymorphism 
percentages ranged to 33.33% for SCoT-12 to 91.67% for 
SCoT-02. The variation between the averages of Ho  
compared to the He probably be causing one or more 
reasons. This difference might reflect the nature of 
markers used, inbreeding and/or selection against 
heterozygotes. The Ho values varied from 0.11 to 0.24, 
with an average value of 0.19. The highest Ho was 0.25 for 
SCoT-03 following by 0.24 for SCoT-02, SCoT-04 and 
SCoT-13 primers. While the Major value of a PIC was 
0.34 for SCoT-02 and the lowest value was 0.12 for SCoT-
12; with PIC average of 0.25. The uHe oscillated from 
0.13 for SCoT-12 to 0.36 for SCoT-02; it was an average 
mean of 0.27. The Inbreeding Coefficient (Fixation Index, 
F) ranged from -0.33 to 0.55 for SCoT-13 and SCoT-48 
respectively, with the total average being 0.21. 

The higher attributes of marker parameter, the MI value 
was an average of 0.25 and ranged from 0.01 for SCoT-12 
to 0.82 for SCoT-02 primer. The average of Shannon 
Index (I) was 0.39 for all primers, the lesser value was to 
SCoT-12 (0.18), and the major was 0.51 (SCoT-02).  
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Table (7). Details of marker parameters estimated for SCoT primers. 

Primers Nb Ne PB P% PIC EMR MI RP I Ho He uHe F 

SCoT-02 12 1.56 11 91.67 0.34 2.42 0.82 8.0 0.51 0.24 0.34 0.36 0.29 
SCoT-03 6 1.52 5 83.33 0.31 1.04 0.33 3.6 0.48 0.25 0.31 0.33 0.20 
SCoT-04 12 1.43 10 83.33 0.27 1.96 0.52 5.4 0.42 0.24 0.27 0.28 0.12 
SCoT-34 5 1.36 4 80.00 0.23 0.64 0.15 1.8 0.36 0.20 0.23 0.24 0.13 
SCoT-28 7 1.40 5 71.43 0.25 0.81 0.20 3.4 0.39 0.23 0.25 0.26 0.10 
SCoT-45 8 1.42 5 62.50 0.25 0.46 0.11 4.0 0.36 0.15 0.25 0.26 0.40 
SCoT-48 4 1.58 3 75.00 0.32 0.32 0.10 3.2 0.46 0.14 0.32 0.33 0.55 
SCoT-35 10 1.54 8 80.00 0.32 1.49 0.48 5.8 0.49 0.23 0.32 0.34 0.28 
SCoT-05 7 1.38 5 71.43 0.24 0.81 0.19 3.0 0.37 0.23 0.24 0.25 0.05 
SCoT-06 10 1.49 7 70.00 0.28 0.70 0.20 4.4 0.41 0.14 0.28 0.30 0.49 
SCoT-09 14 1.30 8 57.14 0.20 0.84 0.17 4.8 0.31 0.18 0.20 0.21 0.06 
SCoT-11 7 1.38 5 71.43 0.23 0.61 0.14 2.6 0.35 0.17 0.23 0.24 0.26 
SCoT-12 9 1.22 3 33.33 0.12 0.11 0.01 1.0 0.18 0.11 0.12 0.13 0.08 
SCoT-13 10 1.27 6 60.00 0.18 0.88 0.16 3.8 0.30 0.24 0.18 0.19 -0.33 
SCoT-14 14 1.44 9 64.29 0.27 1.14 0.30 6.2 0.41 0.20 0.27 0.28 0.26 
SCoT-16 10 1.36 7 70.00 0.23 0.96 0.22 3.8 0.36 0.20 0.23 0.24 0.15 
SCoT-24 8 1.50 6 75.00 0.28 0.73 0.21 3.8 0.42 0.16 0.28 0.30 0.42 

Total 153 24.1 107 69.93 4.3 0.94 4.32 68.6 6.6 3.3 4.3 4.55 3.51 
Average 9 1.42 6.3  0.25 0.94 0.25 4.04 0.39 0.19 0.25 0.27 0.21 

Nb= no. of alleles; Ne= no. effective alleles; PB= no. of polymorphic band; P%= polymorphism; PIC= polymorphic information content; 
EMR= effective multiplex ratio; MI= marker index; I= Shannon informative index; Ho= observed heterozygosity; He= expected 
heterozygosity; uHe= unbiased heterozygosity; F= fixation index 

The Resolving Power (RP) was an average of 4.04; 
oscillated from 1.0 of SCoT-12 primer to 8.0 of SCoT-02 
primer. The effective number of alleles (Ne) is a reciprocal 
of gene homozygosity (Hartl and Clark 1997). The 
effective number of alleles (ENA) used to corollary the He 
(when heterozygosity is high, ENA will be highest). Ne 
ranged from 1.22 for SCoT-12 primer to 1.58 for SCoT-48 
primer with the mean of 1.42 per primer.  

These bands can be considered as potential markers to 
identify accessions of cowpea or maybe more useful when 
converted into a simple sequence PCR-based marker that 
can be used for large-scale screening of accessions. These 
molecular markers could assess to the acceleration of 
detection to Vigna accessions on the bases of molecular 
markers at laboratory conditions only with comparison to 
field screening, which is very difficult and less accurate. In 
another species, Huq et al (2009) characterized 60 genotypes 
of C. olitorius and C. capsularis using SSR marker attained a 

high polymorphism value of 92.2%, with a total of 171 
different alleles amplified by 27 primer pairs. 

3.3. Similarity and genetic distance between accessions 

The similarity matrices by Jaccard (1908) coefficient 
among accessions of cowpea basing on SSR analysis are 
given in Table 8. The highest values of similarity were 
recorded between accession 7 and 9 (0.86). On the other 
hand, between accessions 1 and 6 and accession 1 and 8 
(0.29) were recorded the lowest similarity. 

The similarity matrices generated by the SCoT marker 
among accessions showed that the highest similarity value 
was recorded between accession 5 and 4 and between 
accession 9 and 6 (0.69). On the other hand, between 
accessions 2 and 6 the lowest similarity recorded was 
(0.39), whereas investigation derived from both markers 
showed the highest similarity was 0.69 between accession 
1 and 2, and 0.66 between accession 8 and 9. On the other 
hand, the lowest value of similarity scored 0.11 among 
accession 2 and 6. 
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Table (8):  Similarity matrix among ten Vigna accessions based on markers used.  

Acc. 1 2 3 4 5 6 7 8 9 10 

SSR 

1 1.00          

2 0.83 1.00         

3 0.37 0.30 1.00        

4 0.37 0.30 0.79 1.00       

5 0.45 0.38 0.56 0.59 1.00      

6 0.29 0.31 0.58 0.48 0.50 1.00     

7 0.35 0.38 0.68 0.75 0.57 0.59 1.00    

8 0.29 0.31 0.57 0.61 0.55 0.57 0.80 1.00   

9 0.30 0.32 0.68 0.65 0.50 0.52 0.86 0.80 1.00  

10 0.34 0.37 0.48 0.44 0.46 0.65 0.55 0.52 0.55 1.00 

SCoT 

1 1.00 

         2 0.66 1.00 

        3 0.43 0.49 1.00 

       4 0.44 0.42 0.63 1.00 

      5 0.44 0.41 0.53 0.69 1.00 

     6 0.50 0.39 0.44 0.60 0.68 1.00 

    7 0.48 0.44 0.50 0.52 0.58 0.58 1.00 

   8 0.48 0.45 0.51 0.51 0.48 0.52 0.64 1.00 

  9 0.44 0.42 0.50 0.55 0.61 0.69 0.67 0.68 1.00 

 10 0.47 0.44 0.51 0.51 0.51 0.50 0.57 0.67 0.67 1.00 

Both markers 

1 1.00          

2 0.69 1.00         

3 0.18 0.29 1.00        

4 0.22 0.20 0.56 1.00       

5 0.22 0.19 0.31 0.58 1.00      

6 0.23 0.11 0.16 0.41 0.50 1.00     

7 0.25 0.25 0.30 0.36 0.38 0.38 1.00    

8 0.28 0.28 0.37 0.40 0.31 0.38 0.60 1.00   

9 0.19 0.20 0.32 0.41 0.44 0.54 0.60 0.66 1.00 

 10 0.27 0.27 0.32 0.33 0.30 0.35 0.42 0.59 0.57 1.00 

Basing on Nei and Li (1979) coefficient, the 
phenogram generated by UPGMA cluster analysis showed 
the clustering of ten accessions of Vigna (Fig. 2). 
Investigations derived from the SSR marker (Fig. 2a) are 
divided into two groups at a distance of 0.338. The first 
one includes accession 1 and 2. The second group is 
divided into two sub-groups at a distance of 0.519; the first 
subgroup includes accession 6 and 10. Whereas, the 
second subgroup is further divided into sub-sub-groups at 
a distance of 0.554; one of them consists of accession 5 
only, and the other is divided into two sub-sub sub-group 
at a distance of 0.658. One has accession 4 and 3, whereas 
the second is divided into sub-sub-sub-sub-group at a 

distance of 0.826. The first one includes accession 8 only; 
the second one consists of accession 7 and 9. 

Data generated by SCoT analysis (Fig. 2b) are divided 
into two groups at a distance of 0.446. The first one 
includes accession 1 and 2 only. The second group is 
divided into two sub-groups at a distance of 0.534. The 
first sub-group was separated into two sub-sub-group at a 
distance of 0.579; one includes accession 3 only and the 
other one consists of accessions 4 and 5. Whereas, the 
second sub-group is further divided into sub-sub-groups at 
distance of 0.598; one of them consists of accessions 8 and 
10 only, and the other is divided into two sub-sub-sub-
groups at distance of 0.625. One has accession 7only, 
whereas the second one has accessions 6 and 9.
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Figure (2): Dendrogram generated by UPGMA-cluster analysis basing on Nei and Li (1979) coefficient. 

 It is noted from Figure 2c the data based on both 
markers are separated into two main groups in three 
classes of objects at a distance of 0.227; the first group 
includes accession 1 and 2 only, while the second group 
was divided into two groups at a distance of 0.334; one of 
them consists of accession 3 whereas the other one is 
further separated into sub-sub groups at 0.382. Each sub-
sub group is further divided into two sub-sub-sub groups. 
One includes accession 6 only and accessions 4 and 5 at a 
distance of 0.454. Another one involves accession 10 at a 
distance of 0.5255 and the rest separated at a distance of 
0.578. The distance between the central objects of all 
classes is presented in Table 9. Data showed the first 
central-class includes two objects which be accessions 1 
and 2; the second class has one object (accession 3 only); 
whereas the last class consists of seven objects (the rest 
accessions). The highest distance is recorded between 
classes 1 and 2 (9.00), while the lowest value was between 
classes 2 and 3 (8.12); whereas the variance within class 
recorded 15.00, 26.7 and 0.00 for class 1, 3 and 2, 
respectively with an average distance ranged from 2.7 to 
4.8.  
Table 9. Distances between the central objects regenerated by 
UPGMA cluster analysis. 

Class 1 2 3 
1 0.00   
2 9.00 0.00 

 
3 8.89 8.12 0.00 
Number of objects 2 1 7 
Within-class variance 15.00 0.00 26.67 
Average distance to centroid 2.74 0.00 4.77 

The choice of molecular markers used in 
identification when first being selected is very 
critical to consider. Both markers have great 
potential in accession identification and can 
reproduce polymorphisms. The results indicated that 
the two types of markers were able to effectively 
identify Vigna accessions through DNA assays. Both 
markers have a high ability to identify specific 
accession. Therefore, this approach was able to 
successfully distinguish between the tested 
germplasm, and we were able to construct unique 
DNA profiles of each accession for future use. The 
present study has revealed a broad genetic base in 
Vigna species and suggests the taxonomist review 
the genotypes using molecular markers. This study 
would help in the consideration of molecular 
fingerprinting for germplasm conservation, 
rectification, purification, and identification of 
germplasm. This indicates that the Vigna species has 
a broad sense of genetic diversity and allocates in 
agroclimatic regions. 

4. Conclusion  

Evaluation of genetic diversity helps in the 
identification of diverse germplasm that can be 
utilized by breeding for creating the desired 
variation. They demand the immediate attention of 
plant breeders. The available elite accessions are 
necessarily the products of selection from a few 
common accessions. For any meaningful plant 
breeding program, accurate estimates of genetic 

C 

b 

a 
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diversity and partitioning within and between gene 
pools are important considerations. The scope for 
characterizing genetic diversity in cowpea at 
different levels presents immense opportunities. 

Information about the degree and distribution of 
genetic variation and relationships among breeding 
materials has a significant effect on crop 
improvement. In the present study, the used 
techniques were an efficiency to estimate the genetic 
variation. Our data indicated that the used markers 
could effectively identify cowpea accessions because 
of morphological, agronomical and molecular 
characterization which give us more insights into the 
selection of a desirable accession for Vigna genetic 
improvement. In addition, the results revealed a high 
genetic variation among tested accessions, which can 
be used in cowpea breeding programs and 
improvement basing on the overall aims. Our study 
would help in the reflection of molecular 
fingerprinting for germplasm conservation, 
rectification, purification, and identification of 
germplasm for the genetic diversity of Vigna species 
and its distribution across agroclimatic districts. 
Thus, that should focus on collecting more landrace 
collections, as well as obtaining more genetic 
information for the improvement and development 
of new cultivars. 
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Abstract 

When fossil fuels are oxidized, a wide range of hazardous gases reach the atmosphere. Among these gases, sulfur oxides 
which are released because of oxidation of organosulfur compounds occurring in fuels become the sources of environmental 
pollution and acid rain. Hydrodesulfurization, a traditional practice employed for the removal of sulfur content from 
petroleum products during refining process is not eco-friendly and effective in removal of sulfur content, especially, 
recalcitrant organosulfur compounds like dibenzothiophene. Biodesulfurization, which employs microbes for the removal of 
sulfur from fossil fuels, is an eco-friendly method and a better alternative to hydrodesulfurization. The dibenzothiophene is 
treated as a model organosulfur compound for biodesulfurization studies. The present paper deals with the isolation of 
bacteria which exhibit dibenzothiophene biodesulfurization via 4S pathway from oil contaminated soils, detection of 
intermediates and end product of 4S pathway using Gas chromatography-Mass spectroscopy (GC-MS) in the DBT culture 
broths of isolates positive for gibb’s test, amplification of dsz operon genes which regulate 4S pathway in desulfurizing 
bacteria and identification of DBT desulfurizing bacteria by microscopic examination, biochemical tests and 16S rRNA gene 
anaylsis. Two DBT desulfurizing bacteria isolated were found positive for Gibb’s test and Dibenzothiophene sulfone 
(DBTO2), one of the intermediates and 2-Hydroxy biphenyl, the end product of 4S pathway were detected in DBT 
containing culture broths of both the desulfurizing bacteria when subjected to GC-MS. In both, the bacteria dsz operon genes 
were detected. The two bacteria were identified as Streptomyces sp. VUR PPR 101 and Streptomyces sp. VUR PPR 102.  

Keywords: Biodesulfurization, Dibenzothiophene, 4S pathway, dsz operon, Streptomyces sp. VUR PPR 101, Streptomyces sp. VUR PPR 
102 
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1. Introduction 

The third most abundant element in fossil fuels is 
sulfur, and numerous organosulfur and sulfur containing 
inorganic compounds are present in fuels. When fossil 
fuels are oxidized, sulfur oxides reach the atmosphere 
(Bordoloi et al., 2016; Sadare et al., 2017) which are 
potent air pollutants and major source of acid rains (Li et 
al., 2003). Sulfur dioxide in the environment causes health 
problems in humans like irritation of eyes, respiratory 
problems etc. (Wondyfraw, 2014). Even the plants that are 
exposed to sulfur dioxide exhibit change in their 
physiology and become susceptible to microbial 
infections. Prolonged exposure to sulfur dioxide increases 
rate of transpiration and dark respiration in plants (Khan 
and Khan, 2011). The conventional hydrodesulfurization 
(HDS) process used for the removal of sulfur from fossil 
fuels (petroleum products) which is operated at high 
temperature and pressure is not so effective in the 
elimination of sulfur from organosulfur compounds 
occurring in fossil fuels. Particularly, HDS is not effective 
in removal of sulfur from recalcitrant organosulfur 
compounds like Dibenzothiophene (DBT) (Wang et al., 

2017; da Silva and Secchi, 2018). To overcome the sulfur 
dioxide related problems, a new method involving 
microbes known as Biodesulfurization (BDS) has been 
developed to remove sulfur content from fossil fuels. The 
BDS is a very economical and eco-friendly process which 
does not make use of high temperature and pressure 
(Wang et al., 2017). For Biodesulfurization studies, DBT 
which is highly recalcitrant and hazardous is treated as 
model compound. The DBT is a very persistent compound 
as compared to most polyaromatic hydrocarbons (PAHs) 
and other aromatic hydrocarbons. It can remain for 10 
years in crude oil polluted sediments, long after most 
aromatics have disappeared (Li et al., 2005; Mezcua et al., 
2008). Microorganisms employ three major pathways for 
DBT metabolism viz., Kodama, Van Afferden and 4S 
pathways of which the 4S pathway is regarded as 
commercially important one (de Araujo et al., 2012). The 
microbes which metabolize DBT via 4S pathway will not 
break the ring structure of DBT, and thus calorific value of 
fuel is unaffected. Specific interest was paid by researchers 
in isolating bacteria that specifically remove sulfur from 
organosulfur compounds without breaking the carbon 
backbone of the original organosulfur compounds. The 4S 
pathway is such a metabolic pathway exhibited by certain 
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microbes during which sulfur element is removed as sulfite 
from DBT without affecting its ring structure (Labana et 
al., 2005). The DBT metabolism via other pathways may 
result in cleavage of DBT ring or sulfur is not removed. 
Hence, microbes which exhibit 4S pathway for the 
desulfurization of DBT are eco-friendly and economically 
important. Various microbes which exhibit 4S pathway 
include Rhodococcus erythropolis XP, Rhodococcus 
erythropolis IGTS8, Gordonia alkanivorans RIPI90A etc. 
(de Araujo et al., 2012; Bordoloi et al., 2016). The 4S 
pathway is a multienzymatic system with four different 
activities (Gray et al., 1996). First enzyme of the 4S 
pathway is monooxygenase (DszC) which catalyzes the 
DBT oxidation to Dibenzothiophene sulfone (DBTO2) in 
two steps. The second is also a monooxygenase (DszA) 
which converts DBTO2 to Hydroxyphenyl benzene 
sulfonate (HPBS), and in the final step DszB (HPBS 
desulfinase) converts HPBS to 2-hydroxy biphenyl (2-
HBP) and sulfite. In this metabolic pathway, FMN-
reductase (DszD) has an important role in the activity of 
the monooxygenases, as it is responsible for the 
maintenance of reduced flavin levels. The dsz A, B and C 
genes of dsz operon synthesize DszA, DszB and DszC 
enzymatic proteins, respectively (Muraka et al., 2019). 
The microbial cells have been majorly exploited in 
pharmaceutical and food industries to produce antibiotics, 
vitamins, amino acids, alcoholic beverages etc., on large 
scale.  Even various microbial strains are employed in 
reclamation of polluted sites (bioremediation) and 
treatment of used engine oils. The biocatalytic 
desulfurization of fuels is an important and useful 
emerging process in the present-day context in view of 
curbing the environmental pollution. The biodesulfurizing 
microbial strains could pave the way for effective 
desulfurization process and can be employed in future to 
generate sulfur free fuels. In the present work, an attempt 
was made to isolate bacterial strains exhibiting DBT 
biodesulfurization via 4S pathway using Gibb’s assay and 
by detecting the intermediates and end product of 4S 
pathway in DBT containing culture broth using Gas 
chromatography-Mass spectroscopy (GC-MS), 
identification of dsz operon genes responsible for 4S 
pathway using specific primers and identification of the 
positive DBT desulfurizing bacteria based on 
morphological and microscopic examination, biochemical 
tests and 16S rRNA gene sequencing.  

2. Materials and Methods 

2.1. Isolation of bacteria growing in DBT supplemented 
medium 

To isolate Dibenzothiophene desulfurizing bacteria, 
different mechanical workshop sites in Karimnagar town, 
Telangana, India were selected and designated as A, B, C, 
D, E and F. Heavy motor vehicles in workshops A and B, 
light motor vehicles in workshops C and D, and two 
wheelers in workshops E and F are repaired and serviced. 
From these sites, oil contaminated soil samples were 
collected bimonthly for a period of one year. For the 
isolation of DBT-desulfurizing bacteria, ten grams of each 
soil sample was suspended in 90 ml of distilled water and 
5 ml of the suspension was inoculated into 250 ml flask 
containing 45 ml of basal salt medium (BSM) 
supplemented with glucose (5 g/l) as carbon source and 5 

mM per liter DBT as sole sulfur source. Cultivation was 
performed at 30o C in rotary shaker for 5 days. After five 
sub cultivations, the culture broth medium was spread onto 
BSM agar medium supplemented with glucose and DBT 
(Khedkar and Shanker, 2014). All the viable and 
dominantly growing representative bacterial cultures were 
isolated from samples of Workshops. 

2.2. Gibb’s assay  
The recovered cultures were grown in BSM broth 
supplemented with glucose and DBT and tested for 
the occurrence of 4S pathway within them by 
detecting 2-HBP, the end product of 4S pathway by 
the Gibb’s assay. The test was used to detect the 2-
HBP produced by the bacteria after growing them in 
the medium containing DBT. Gibb’s reagent reacts 
with aromatic hydroxyl groups such as 2-hydroxy 
phenyl to form blue colored complex. The pH of 
bacterial culture broths was adjusted to 8.0 using 
10% sodium bicarbonate or sodium carbonate and 
100 µl of Gibb’s reagent (10 mg of 2,6-
dichlorquinone-4-chlorimide prepared in 1 ml of 
ethanol) was added to 5 ml of each bacterial culture 
broth and incubated for 30 minutes.  Formation of 
blue color complex indicates the positive result and 
brown color indicates negative result for Gibb’s 
assay. The cultures positive for Gibb’s assay were 
expected to produce 2-HBP via 4S pathway from 
DBT (Kayser et al., 1993). 

2.3. GC-MS analysis of DBT culture broths of bacteria 
positive for Gibb’s test 

The culture broth was centrifuged and the supernatant 
was acidified with 6N hydrochloric acid to pH 2.0. The 
acidified supernatant was mixed with equal volume of 
ethyl acetate, and the extracted samples were subjected to 
GC-MS analysis. The GC-MS instrument employed was 
an Agilent 7890A model in which GC was coupled with a 
Pegasus HT TOFMS. The specifications of GC column 
include 29.8 m x 0.2 µm and 0.2 m x 320 µm. The initial 
and final temperatures employed for sample analysis were 
60ºC and 320ºC, respectively. The rate of increase of 
temperature during sample analysis was 15ºC per minute. 
The temperature maintained during the entire sample run 
was 280ºC. Helium was used as carrier gas with a flow 
rate of 1.2 ml per minute to run 1 µl of DBT culture broth 
sample.  

2.4. Identification of dsz operon genes responsible for 4S 
pathway  

The forward and reverse primers used for the 
amplification of dszA gene were 5'-
GCGCGGCAAGTTCGATCTGT-3' and 5'-
TCCCGCAGGATGTCCTTGATC-3', respectively. 
The primers used for the amplification of dszB gene 
were 5’-ATCGAACTCGACGTCCTCAG-3' 
(forward) and 5’-TCAGGACCACAGCTACAAGG-
3' (reverse). For the amplification of dszC gene, the 
forward and reverse primers employed were 5'-
CTGTTCGGATACCACCTCAC-3' and 5'-
GTGCCTGAAGGTGTTGCA-3',  respectively  
(Duarte et al., 2001; Li et al., 2007).   
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2.5. Identification of bacterial isolates 

2.5.1. Colony characteristics 

Colony characteristics of the bacterial isolates positive 
for DBT desulfurization via 4S pathway were observed on 
DBT containing basal salt medium. The color, 
configuration, elevation, margin and size of the colonies 
were recorded. 
2.5.2. Microscopic examination and Biochemical tests 

Gram staining and spore staining of the DBT 
desulfurizing bacteria were performed and the 
morphological shapes were also noticed. The biochemical 
tests viz., starch hydrolysis, casein hydrolysis, sucrose test, 
catalase test, oxidase test, hydrogen sulfide production, 
lipid activity, indole test, methyl red test, Voges-Proskaeur 
test, citrate utilization test, urea hydrolysis test and nitrate 
reduction test were performed as per the standard 
procedures (Kim et al., 2001; Reddy et al., 2011;  Bennett  
et al., 2018). 
2.5.3. 16S rRNA sequencing and phylogenetic analysis of 
the bacterial isolates 

The 16s rRNA sequencing and phylogenetic analysis of 
the bacterial isolates positive for DBT desulfurization were 
carried out at Bioaxis DNA Research Centre (BDRC), 
Hyderabad for the identification. The primers used for the 
amplification of 16S rRNA gene were 5'-
GCAATAACAGGTCTGTGATGCCC-3' (forward) and 
5'-GCATCACAGACCTGTTATTGC-3' (reverse) (Frank 
et al., 2008). 

2.6. Isolation of chromosomal DNA 
The cultures of B39 and B40 were transferred 

separately into 50 ml BSM broth supplemented with 
glucose and dibenzothiophene taken in 250 ml flasks and 
incubated in a shaker at 30o C at 180 rpm for 4 days. After 
incubation period, the culture broths were subjected to 
centrifugation at 10,000 rpm for ten minutes. Then 0.1 
grams of mycelium of each isolate was crushed with liquid 
nitrogen in a clean porcelain dish. Then crushed mycelium 
of each isolate was transferred to a tube consisting of 500 
µl TE buffer containing lysozyme enzyme and incubated 
for half an hour at 37o C. Then, 20 µl SDS (10%) and 20 µl 
proteinase K were added, and the tube was incubated for 
thirty minutes at 55o C. After incubation period, the 
mixture was cooled and centrifuged at 10,000 rpm for five 
minutes and extracted with phenol-chloroform (1:1) 
solution. The aqueous phase of the mixture was taken in 
clean tube and DNA precipitate was obtained by using 
90% ethyl alcohol at -20o C.  Then DNA pellet was 
recovered after centrifuging for ten minutes at 10,000 rpm. 
The pellet was dissolved in TE buffer and 20 µl of RNase 
enzyme was added and incubated at 37o C for one hour to 
get RNA free DNA. The DNA is again precipitated by 
using 90% ethyl alcohol at -20o C. Then, pure DNA pellet 
was obtained by centrifugation (at 10,000 rpm for 10 
minutes) (Kumar et al., 2010), and the purity of DNA was 
determined by using UV spectrophotometer.  

2.7. PCR amplifications 
The PCR mixture containing 200 µM dNTPs, 100 ng of 

genomic DNA, 6 mM magnesium chloride, 10% dimethyl 
sulfoxide, each primer of 30 pmol and 2.5 units of Taq Pol.  
in 50µl buffer was prepared. The amplification was 
performed by initially increasing the temperature of 

mixture to 94o C for 1 minute (denaturation), then 
decreased to 57o C for 60 seconds (annealing) and 
increased to 72o C for 1 minute (extension of hybridized 
primers), followed by final extension at 72o C for 5 
minutes in thirty-five cycles. Then the PCR reaction 
mixture was subjected to agarose gel electrophoresis by 
employing a size marker of 1 kb DNA ladder.  The 
dideoxy chain termination procedure was used for the 
sequencing of rRNA genes (Kurnijasanti et al., 2017). The 
16S rRNA gene sequences of B39 and B40 isolates were 
submitted to NCBI Genbank. Further, neighbor joining 
method was employed for the construction of phylogenetic 
trees of the isolates.  

3. Results and Discussion 

3.1. Isolation of predominantly growing bacteria on 
DBT containing medium and screening for bacterial 
strains positive for Gibb’s test 

In the present work, a total of 46 predominantly 
growing bacterial representative types on BSM medium 
supplemented with DBT were obtained from oil 
contaminated sites of different mechanical workshops. On 
screening, all these isolates for the presence of 4S pathway 
metabolic activity through Gibbs assay, only two bacteria 
(designated as B39 and B40) isolated from the soil of 
mechanical workshop B were found positive for 4S 
pathway. This was confirmed by the development of blue 
coloration during Gibbs assay indicating the production of 
2-HBP which is the end product of 4S pathway 
(Rahpeyma et al., 2017). The Gibb’s assay was used to 
identify the desulfurization activity of bacteria through 4S 
pathway by several earlier workers (Sadare et al., 2017; 
Shahaby and El-din, 2017; Li et al., 2019). The other 
isolates of our study which were negative for Gibb’s assay 
may be utilizing the other pathways viz., Kodama pathway 
and Van Afferden pathway for metabolizing DBT as they 
were also grown abundantly on basal salt medium 
supplemented with glucose and DBT as sole sulfur source.  

3.2. Detection of intermediates and the end product of 4S 
pathway by GC-MS  

The two Gibb’s test positive bacterial isolates (B39 and 
B40) were subjected to GC-MS analysis for the detection 
of metabolites of 4S pathway. In GC-MS analysis of B39 
isolate culture broth, the compounds with retention time of 
13.6117 and 9.22667 minutes were identified as DBT 
sulfone and the 2-HBP, respectively (Figure 1). Similarly, 
GC-MS of B40 culture broth showed the presence of the 
same compounds with retention time of 13.61 and 9.23167 
minutes that were identified as DBT sulfone and 2-HBP, 
respectively (Figure 2). Li et al. (2003) have detected DBT 
sulfone and 2-HBP by GC-MS in the DBT culture broth of 
Mycobacterium sp. X7B. Similarly, Rhee et al. (1998) 
during their DBT desulfurizing studies with newly isolated 
Gordona strain CYKS1, observed DBT sulfone and 2-
HBP in the GC chromatogram of DBT culture broth. In the 
mass spectrum of DBT sulfone pertaining to B39 isolate, a 
molecular [M+] ion peak at m/z 216 was found 
corresponding to the molecular mass of DBT sulfone and 
the major fragmentation ions were seen at m/z 139 and 63 
(Figure 3). Similarly, in the mass spectrum of 2-HBP of 
B39, a molecular [M+] ion peak at m/z 170 was observed 
corresponding to the molecular mass of 2-HBP and the 
major fragmentation ions were seen at m/z 141,115 and 63 
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(Figure 4). In the mass spectrum of DBT sulfone of B40 
isolate, a molecular [M+] ion peak at m/z 216 was noticed 
corresponding to the molecular mass of DBT sulfone and 
the major fragmentation ions were seen at m/z 187, 136 
and 63 (Figure 5). Similarly, in the mass spectrum of 2-
HBP of B40, a molecular [M+] ion peak at m/z 170 was 
found corresponding to the molecular mass of 2-HBP and 
the major fragmentation ions were seen at m/z 141,115, 89 
and 63 (Figure 6). This observation is in great concurrence 
with several earlier reports in this aspect (Mohebali et al., 
2008; Mohammed et al., 2015; Ismail et al., 2016). Even, 
Akhtar et al. (2009) also detected similar molecular ion 
peaks of DBT sulfone and 2-HBP in the mass spectra of 
DBT culture broths of Rhodococcus species, when 
subjected to GC-MS. 

 
Figure 1.  Gas Chromatogram of DBT broth extract of the 
bacterial isolate B39 

 
Figure 2.  Gas Chromatogram of DBT broth extract of bacterial 
isolate B40 

 
Figure 3. Mass spectrum of DBT sulfone of the bacterial isolate 
B39 

 
 

 
Figure 4.  Mass spectrum of 2-HBP of the bacterial isolate B39 

 

 
Figure 5. Mass spectrum of DBT sulfone produced by bacterial 
isolate B40 

 
Figure 6. Mass spectrum of 2-HBP produced by bacterial isolate 
B40 

3.3. Amplification of dsz operon genes in DBT 
desulfurizing bacteria 

In both the bacterial isolates, dsz ABC operon genes 
were amplified (Figure 7) indicating their presence. 
Interestingly, the dsz operon in both the isolates was 
located on genomic DNA, which has good 
concurrence with earlier report of Shavandi et al. 
(2010) who identified the presence of dsz operon 
genes responsible for DBT desulfurization on 
chromosome in Gordonia alkanivorans RIPI90A. 
However, in Rhodococcus erythropolis IGTS8 strain, 
which is a model strain for biodesulfurization 
studies, the dsz operon was reported to be present on 
plasmid.  
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Figure 7.  PCR gel picture of amplified dsz operon genes  of  the  
B39 and B40 bacterial isolates 

3.4. Identification of bacteria positive for DBT 
desulfurization via 4S pathway 

Based on colony characteristics (Table 1), 
morphological (shape), staining (Gram’s and Spore) and 
biochemical studies viz., starch hydrolysis, casein 
hydrolysis, sucrose test, catalase test, oxidase test, 
hydrogen sulfide production, lipid activity, indole test, 
methyl red, Voges-Proskaeur test, citrate utilization test, 
urea hydrolysis and nitrate reduction test (Table 2), the two 
desulfurizing bacteria are identified as Gram positive, 
filamentous and tentatively as Streptomyces species. 
Taddei et al. (2006) based on the similar morphological 
and biochemical studies, identified bacteria isolated from 
Venezuelan soils as Streptomyces species.  
Table 1. Colony characteristics of the bacterial isolates 

Colony character B39 isolate B40 isolate 

Color White Light grey 

Configuration Round Round 

Elevation Convex Convex 

Margin Ciliate Ciliate 

Size (Diameter) 4.2 mm 3.5 mm 

Table 2. Morphological, Gram staining, Spore shape and 
Biochemical tests. 

Characteristics Bacterial isolates 
B39 B40 

Microscopic observation 
Morphological shape Filamentous Filamentous 
Gram staining Gram positive Gram positive 
Spore shape Oval to circular Oval 
Biochemical tests 
Starch hydrolysis Positive Positive 
Casein hydrolysis Positive Positive 
Sucrose test Positive Positive 
Catalase test Positive Positive 
Oxidase test Positive Positive 
H2S Production test Positive Positive 
Citrate utilization test Positive Positive 
Lipid activity Positive Positive 
Indole test Negative Negative 
Methyl red test Positive Positive 
Voges-Proskaeur test Negative Negative 
Urea hydrolysis Positive Positive 
Nitrate reduction test Positive Positive 

The 16S rRNA genes of both the bacterial isolates were 
amplified using the standard primers and sequenced. The 

partial length of rRNA gene sequences of bacterial 
isolates, B39 and B40 were 1,393 and 1,395, respectively. 
The phylogenetic analysis revealed that B39 and B40 were 
closely related to Streptomyces sp. SPMA113 (Accession 
No. HQ340163.1) and Streptomyces sp. Antag6 
(Accession No. JQ417273.1), respectively (Figure 8). The 
percentage of identity between the Streptomyces species 
was determined using NCBI BLASTn tool. The percentage 
of identity between B39 and Streptomyces sp. SPMA113 
was found to be 100%. Similarly, the percentage of 
identity between B40 and Streptomyces sp. Antag6 was 
also 100%. There was 98.91% of identity between B39 
and B40 isolates. The rRNA gene proved to be a universal 
tool for the phylogenetic analysis and interrelation among 
the organisms as it is ancient, universally distributed and 
most conserved region in the genome of the 
microorganisms. Although there are three different 
ribosomal RNAs i.e., 5S, 16S and 23S in prokaryotes, only 
16S rRNA sequence is used because the nucleotides in 16S 
rRNA are neither less nor more in length and easy to 
sequence. The rRNA sequence is used to construct 
phylogenetic tree by applying distance-matrix method. The 
evolutionary distance is determined by recording 
differences in the sequences of two or more organisms by 
software computer analysis. A statistical correction factor 
is applied due to the reason that some changes might have 
taken place in the genome which would lead back to the 
same sequence. After measuring the evolutionary distance, 
the phylogenetic tree is constructed. The different 
evolutionary distances of the two microorganisms are 
directly proportional to the total length of the branches 
separating them. Depending on software/computer 
program and the number of microorganisms, different 
formats of phylogenetic trees are possibly constructed 
(Chapus et al., 2005). The gene sequences were submitted 
to NCBI Genbank designating B39 and B40 isolates as 
Streptomyces sp. VUR PPR101 and Streptomyces sp. VUR 
PPR 102, respectively. The Genbank had accepted and 
given the accession numbers, KF551242.1 and 
KF551243.1 to Streptomyces sp. VUR PPR 101 and 
Streptomyces sp. VUR PPR 102, respectively. 
 

 
Figure 8.  Phylogenetic analysis of Streptomyces sp. VUR PPR 
101and Streptomyces sp. VUR PPR 102.  

The scale bar infers 1% of the estimated nucleotide difference. 
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The Streptomyces species isolated in the present work 
are aerobic in nature and obviously exhibiting the aerobic 
DBT desulfurization (4S) pathway. Therefore, they will be 
commercially and economically important when compared 
to microbial strains exhibiting anaerobic biodesulfurization 
pathways. When microbial strains exhibiting oxidative 
DBT desulfurization pathway are employed during oil 
refining process, they form water soluble sulfite from DBT 
which can be easily disposed by employing an aqueous 
phase. On the other hand, anaerobic desulfurization occurs 
by a reductive pathway during which sulfur from DBT is 
removed as hydrogen sulfide which later releases sulfur 
atom. Though the anaerobic strains can be employed for 
desulfurization, it is a difficult and costly affair to maintain 
anaerobic conditions throughout the process, moreover it is 
time consuming and undesirable products may form from 
organic constituents of fuels (Sadare et al., 2017). Further, 
there is a scope to genetically modify these Streptomyces 
species for enhanced DBT biodesulfurization activity. 
Such genetically improved biodesulfurizing Streptomyces 
strains can be commercially important and potent to 
employ in desulfurization of fuels during refining process 
to produce sulfur free fuel products.  

4. Conclusion 

In the present study, two potential DBT 
desulfurizing Streptomyces species were isolated 
from oil contaminated soils of mechanical 
workshops. Both the desulfurizing species are 
commercially important as they showed the ability to 
desulfurize the DBT occurring in fuels, the model 
compound for biocatalytic desulfurization studies by 
4S pathway without breaking the ring structure of 
DBT and not leading to the reduction of calorific 
value of fuel (mileage).  The dsz operon genes (A, B 
and C) responsible for 4S pathway were identified in 
both the Streptomyces species. These two DBT 
desulfurizing Streptomyces species gain ecological 
and commercial importance in Biodesulfurization of 
fuels.  
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Abstract 

This study assessed whether industrial kefirs have enough probiotic diversity and number, which is important in health 
benefits, to examine the difference between fruit kefir (FK) and plain kefir (PK) products in terms of probiotic content, and 
to reveal how much they preserve the probiotic content until the expiry date. The number of total aerobic mesophilic bacteria 
(TAMB), Lactobacillus, Lactococcus, Leuconostoc, acetic acid bacteria, and yeast was determined using Standard Plate 
Count Agar, MRS (De Man, Rogosa and Sharpe) agar, M17 agar, MSE (Mayeux, Sandine & Elliker) agar, Acetobacter agar 
and Sabouraud dextrose agar with chloramphenicol. Matrix-assisted laser desorption/ionization-time of flight mass 
spectrometry (MALDI-TOF-MS) and API 20AUX were used to identify the isolates. TAMB in PK was 4.3x105 to 2.9x108; 
in FK, 1.8x106 to 3.6x108. Lactobacillus paracasei, L.casei, Lactococcus lactis, Leuconostoc mesenteroides, Leuconostoc 
spp, Streptococcus spp, and Candida kefyr were isolated in different combinations and number. Acetic acid bacteria were not 
isolated. There was no difference in FK and PK of the same trademarks. The number of lactic acid bacteria (LAB) in FK and 
PK at two different times was similar. Total LAB, lactococci, lactobacilli, and yeast populations increased during storage 
(p<0.05). Although the number of microorganisms of samples decreased at expiration dates, they still had enough 
microorganism numbers indicated in a codex. 
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1. Introduction 

Kefir is a fermented-milk beverage produced by the 
action of lactic acid bacteria, yeasts, and acetic acid 
bacteria on milk (Ahmed et al., 2013). It originated in the 
Caucasus Mountains in ancient times and spread from 
there throughout the world. Kefir is produced by 
mesophilic bacteria and yeasts as a result of fermenting the 
lactic acid and alcohol (John and Deeseenthum, 2015). 
Recently, kefir has strong effects on health as a probiotic 
food like other fermented milk and dairy products; due to 
the organic acids, H2O2, acetaldehyde, CO2, and 
bacteriocins produced as natural metabolites of 
microorganisms in its components, kefir shows 
antibacterial activity against many pathogenic 
microorganisms (Yuksekdag et al., 2004). In addition to its 
antibacterial and antifungal activities, kefir reduces 
cholesterol levels in serum and has antitumor, anti-
inflammatory, and immunomodulatory effects due to its 
content of Lactobacillus and Lactococcus (Otles and 
Cagindi, 2003; Vinderola et al. 2005; Prado et al. 2015). It 
was also reported that acetic acid, polysaccharides, and 
other chemicals produced by kefir microbial components, 
effectively wound healing (Hassan et al. 2012). Several 
studies have shown the positive effect of using probiotic 
foods, such as kefir, for treating many gastrointestinal 
disorders, such as diarrhea, irritable bowel syndrome, 

colitis, Crohn's disease, traveler's diarrhea, and chronic 
constipation (Reid et al. 2003; Heyman 2000; Maeda et al., 
2004). In pregnant women, kefir consumption prevents the 
reproduction of Streptococcus agalactia strains that cause 
sepsis, pneumonia, and meningitis in newborns (John and 
Deeseenthum, 2015).  

There are several methods for producing kefir, in which 
traditional and industrial processes are widely used. 
Industrial kefir can be prepared in high volumes by using a 
starter culture. No matter what method is used, the most 
important factor affecting kefir characteristics is the 
number of microorganisms and the ratio of species in the 
content, where the microbial composition varies depending 
on the source of kefir grains, the country of origin, and the 
starter culture used (Guzel-Seydim, 2005). The probiotic 
content that should be found in most kefir products is 
expressed in numerical values with no description of its 
microbial diversity. This study assesses whether kefir 
products have desired probiotic microorganism diversity 
and number, examine whether there is a difference 
between fruit kefir and plain kefir products in terms of 
probiotic content, and reveal how much they preserve the 
probiotic content until the expiration date. Thus, the 
necessity of including individuals in nutrition programs 
can be demonstrated with scientific data through the 
outputs and results to be obtained in this study. 
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2. Materials and Methods 

2.1. Data Collection 

This study was supported by Baskent University 
Research Fund (Project No.DA19/12). This study has 
examined 9 industrial kefir samples and 1 kefir sample 
fermented using kefir grains. In this study, we examined 4 
different fruit kefirs (FK) and 5 different plain kefirs (PK). 
For each type, 2 bottles of kefir were bought 
simultaneously. To prepare the traditional kefir, 
Pasteurized cow's milk was used to prepare kefir samples 
with kefir grains from Ankara University Faculty of 
Agriculture. A ratio of 1:30 weight/volume was used as 
grain to milk ratio. After adding kefir grains to milk, kefir 
samples were produced in a closed container at a 
temperature of 20–25°C and the fermentation time was 24 
h. The second measurement of kefir fermented using the 
traditional method was performed on the 7th day of 
fermentation. 

2.2. Microbiological Analysis 

Kefir samples were transferred to sterile tubes, and pH 
values were measured by pH meter (Inolab, Germany) 
immediately after they were opened, and then serial 
dilutions were prepared. Standard plate count agar (SPCA) 
(Oxoid, UK), MRS (Merck, Germany), M17 (Merck, 
Germany), MSE (Biokar, France), Acetobacter agar and 
Sabouraud dextrose (BD Difco,) agar with 
chloramphenicol (Biokar, France) (SDCA) media were 
used to determine the number of total aerobic mesophilic 
bacteria, Lactobacillus, Lactococcus, Leuconostoc, acetic 
acid bacteria, and yeast, respectively. Acetobacter agar 
was prepared with 3g/L glycose (Merck, Germany), 10g/L 
yeast extract (Sigma, Germany), 10g/L calcium carbonate 
(Aromel, Turkey), and 15g/L agar (BD Bacto, USA). All 
culture procedures were performed in duplicate. 

SPCA was incubated for 48 h at 30ºC; M17 agar for 
18–24 hours at 30°C in 5% CO2 atmosphere; MSE agar 
for 4 days at 22°C; MRS agar for 5 days at 30°C in 5% 
CO2atmosphere; and SDCA for 5 days at 22°C. Plates 
with 30–300 colonies were counted at the end of 
incubation, and the results were recorded in cfu/ml. The 
same procedures were applied to the expiration date of 
each kefir sample. 

After counting the plates, five randomized colonies 
from each counted plate were taken to identify isolates. 
The Matrix-Assisted Laser Desorption/Ionization Time-of-
Flight Mass Spectrometry (MALDI–TOF) (VITEK® MS, 
Biomerieux, France) was used to identify bacteria using 
direct transfer method according to the direction of the 
manufacturer. API 20AUX (Biomerieux, France) and 
conventional methods were used to identify yeast isolates. 

2.3. Statistical Analysis 

The Shapiro Wilk and Kolmogrov Smirnov tests were 
used to check whether the data obtained had a normal 
distribution. The Mann–Whitney U test was used to 
compare variables without normal distribution. The paired 
samples t-test was used to compare the numbers of 
microorganisms measured at two different times. The 
Wilcoxon test was used to compare non-normally 
distributed numerical measurements at 2 different times. 
The data were evaluated using a statistical package 

program (SPSS 22.0, IBM SPSS, USA), and p <0.05 was 
considered statistically significant. 

3. Results 

Table 1 shows the total number of aerobic mesophilic 
organisms in kefir samples, including five plain and four 
fruit kefirs and one fermented using kefir grains. The total 
number of aerobic mesophilic organisms in fruit kefir 
samples was between 1.8x106 and 3.6x108 on the packages' 
opening date (OD); the number of living organisms of the 
same samples varied between 5.2x104 and 1.5x107 on the 
expiration dates (ED). The total number of aerobic 
mesophilic organisms in plain kefir samples was between 
4.3x105 and 2.9x108 on the OD; and varied between 
4.5x104 and 1.9x107 on the ED (Table 1).  
Table 1. Number of aerobic mesophilic bacteria (cfu/mL) and pH 
value of kefir samples. 

    
Total number of aerobic  

pH values 
mesophilic bacteria 

    OD ED p OD ED p 

FK 

1a 3.6 × 108 1.5 × 107 0.000¥* 4.5 4.3 0.068¥ 

2a 3.6 × 108 1.5 × 107 0.066β 4.6 4.4 0.059β 

3a 1.0 × 107 5.2 × 104 0.043β* 4.5 4.3 0.039β* 

4a 1.8 × 106 6.2 × 104 0.62 € 4.4 4.3 0.10 € 

PK 

1b 2.6 × 108 1.3 × 106 0.999© 4.6 4.4 0.090© 

2b 2.9 × 108 9.9 × 105 
 

4.6 4.4 
 

3b 6.0 × 107 4.5 × 104 
 

4.6 4.5 
 

4b 3.2 × 108 1.9 × 107 
 

4.6 4.5 
 

5b 4.3 × 105 2.6 × 105 
 

4.5 4.3 
 

TK 1c 2.0 × 109 7.8 × 108   4.6 4.7   

FK: fruit kefir, PK: plain kefir, TK: traditional kefir, OD: first 
opening date of the packages, ED: expiration dates, p¥: Difference 
between OD and ED, pβ: Difference between OD and ED of the 
same samples, p€: Difference between OD of different samples, 
p©: Difference between ED of different samples, *p<0.05.  

The total number of aerobic mesophilic organisms in 
the kefir sample fermented with kefir grains was 2x109 at 
the 24th hour of the fermentation but did not change after 
24 h and decreased to 7.8x108 at the end of the seventh day 
of fermentation. The mean decrease in the total number of 
aerobic mesophilic organisms was log 1.63±0.43 in fruit 
kefir samples and log 1.86±1.14 in plain kefir samples. 

A statistically significant difference was observed 
between the packages in terms of the average number of 
living organisms measured at OD and ED (p<0.001), 
where the average number was significantly lower at ED 
than at OD. The average number of living organisms was 
7.84 log10 cfu/mL (6918309) for OD and 6.21 log10 
cfu/mL (1621810) for ED. The total number of aerobic 
mesophilic organisms on OD and ED was compared for 
fruit and plain kefir groups. Accordingly, there was no 
statistically significant difference between the counts of 
living organisms measured at two different times for the 
FK group produced using the industrial method (p=0.066). 
However, a statistically significant difference was found 
for the PK group produced using the industrial method 
(p=0.043). The average number of living organisms in the 
PK group was lower at ED than at OD. The FK and PK 
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groups were compared for both ED and OD, and no 
statistically significant difference was observed between 
them (p=0.623; p=0.999) (Table 1).  

The pH values of the samples are given in Table 1. 
There was no statistically significant difference between 
the pH values measured at two different measuring times 
(p=0.068). Besides, the intragroup comparisons of pH 
values at OD and ED were examined for each kefir type 
(plain and fruit). Accordingly, there was no statistically 
significant difference between OD and ED's pH values for 
the FK group (p=0.059), but a statistically significant 
difference was found between the values for the PK group 
(p=0.039). 

Table 2 shows the number of Lactobacillus, 
Lactococcus, Leuconostoc, Streptococcus, and yeast 
isolates in kefir samples, and Table 3 shows the microbial 
diversity of kefir samples included in the study. 
Accordingly, there was a statistically significant difference 
between the two counts (OD and ED) in terms of 
Lactobacillus (p=0.018), Lactococcus (p=0.005), 
Leuconostoc (p=0.012), and Streptococcus (p=0.021), 
where the average value was lower at ED than OD for all 

four bacterial groups. An analysis was conducted to 
determine the difference between the average values at OD 
and ED, and intragroup comparisons were evaluated for 
the FK and PK groups. Accordingly, only in the PK group, 
there was a statistically significant difference between the 
numbers of Lactococcus at OD and ED (p=0.043). The 
logarithmic reduction of Lactococcus in plain kefir 
samples was found as 1.44±0.53. Four different FK and 
PK groups' parameters were compared for both counting 
times, and no statistically significant difference was found 
between them (p>0.05). Table 3 represents the microbial 
ingredient of each kefir sample indicates the species 
distribution. Acetic acid bacteria were found in none of the 
kefir samples included in the study. Only two industrial 
kefir samples (1 plane and 1 fruit kefir of same brand 
mark) had yeast, and Table 2 presents the average yeast 
numbers. Accordingly, there was no statistically 
significant difference between the yeast counts at OD and 
ED (p>0.05). The yeast isolates were identified as Candida 
kefyr. 

 

Table 2. The number of each bacterial genus of kefir samples (cfu/mL) 

 
  Lactobacillus   Lactococcus   Leuconostoc   Streptococcus   Candida   

  
 

OD ED p OD ED p OD ED p OD ED p OD ED p 

FK 1a 0 0 

0.018¥* 
0.109β 
0.068β 
0.539€ 
0.268© 

2.0x106 4.0x105 

0.005¥* 
0.068β 
0.043 β 
0.086€ 
0.176© 

1.2x106 5.5x106 

0.012¥* 
0.102β 
0.068 β 
0.902€ 
0.902© 

2.8x108 6.4x106 

0.021¥* 
0.141β 
0.080 β 
0.999€ 
0.806© 

    

0.465¥* 
0.655β 
0.180 β 
 

  2a 2.4×104 1.2×106 1.2×106 2.8×105 1.2×106 5.5×106 2.8×108 6.4×106     

  3a 1.7×105 1×104 6.4×105 1.0×104 0 0 6.4×105 1.0×104 1.4×105 5.2×103 

  4a 2.4×104 4×103 2.4×104 9.0×103 2.4×104 1.0×103 2.1×108 2.4×108     

PK 1b 0 0 5.4×107 2.3×106 1.3×108 7.8×105 5.4×107 2.3×106     

  2b 1.0 × 108 5.9 × 104 4.0×108 5.5×106 5.8×105 2.6×104 4.0×108 3.5×106     

  3b 1.7 × 107 1.4 × 106 2.7×106 4.1×104 0 0 1.2×105 5.0× 104 1.2×105 5.9×105 

  4b 9.0 × 107 1.8 × 107 1.5×107 4.2×106 4.1×107 6.0×106 1.6×107 2.2×107     

  5b 2.6 × 105 9.1 × 104 4.2×105 1.0×104 3.0×105 5.0×104 3.1×109 1.1×108     

TK 1c 0 0 3.1×109 2.0×103 2.0× 104 2.0×103 0 0     

FK: fruit kefir, PK: plain kefir, TK: traditional kefir, OD: first opening date of the packages, ED: expire dates, p¥: Difference between OD 
and ET, pβ: Difference between OD and ET of the same samples, *p<0.05 

Table 3. Microbial diversity of each kefir samples 

Samples Lactobacillus Lactococcus Leuconostoc Streptococcus Candida 

FK 

1a 
 

L. lactis L.mesenteroides, Leuconostoc spp. Streptococcus spp. 
 

2a L. paracasei, L. casei L. lactis L.mesenteroides, Leuconostoc spp. Streptococcus spp. 
 

3a L. paracasei L. lactis 
 

Streptococcus spp. C. kefyr 
4a L. paracasei L. lactis Leuconostoc spp. Streptococcus spp. 

 

PK 

1b 
 

L. lactis L.mesenteroides, Leuconostoc spp. Streptococcus spp. 
 

2b L. paracasei, L. casei L. lactis L.mesenteroides, Leuconostoc spp. Streptococcus spp. 
 

3b L. paracasei L. lactis 
 

Streptococcus spp. C. kefyr 
4b L. paracasei L. lactis Leuconostoc spp. Streptococcus spp. 

 
5b L. casei L. lactis Leuconostoc spp. Streptococcus spp. 

 TK 1c   L. lactis Leuconostoc spp.     
FK: fruit kefir, PK: plain kefir, TK: traditional kefir

4. Discussion 

Kefir is an old and traditional drink with unique taste 
and properties. In vitro studies and animal experiments 
have shown that kefir has health benefits due to its 
probiotic microorganisms (Farnworth, 2005; Walsh et al., 

2016). As kefir is a fermented beverage produced by 
bacteria and yeasts, its composition is complex due to the 
high number and diversity of microorganisms and the 
variety of possible bioactive compounds produced during 
fermentation. The changes in the process of kefir 
production from fermentation to consumption are 
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remarkable. For example, even the size of kefir grains used 
in production affects the product profile's pH, viscosity, 
and microbiological properties (Farnworth, 2003). As an 
alternative to the traditional method using kefir grains and 
a fermentation period of 20–24 h, industrial kefirs with 
acceptable kefir flavor and longer shelf life, which are 
produced using starter with lactic acid bacteria and yeast 
species isolated from kefir grains, are offered to people in 
their diet. However, it is an issue of concern in selecting 
and/or recommending fermented products like kefir for 
consumption, whether industrial kefir products have 
probiotic values similar to those of traditional kefir. 
Therefore, this study quantitatively determined the 
microbial composition of industrial kefir products offered 
to the market and traditional kefir samples, both at the 
dates of purchase and expiration date, and to reveal the 
microbial diversity of these products. This study also 
compared the fruit and plain kefir products in terms of 
their probiotic content and pH values. 

Kefir contains lactic acid bacteria (Lactobacilli, 
Lactococci, Leuconostocs, and Streptococci), yeast 
(Candida spp., Kluyveromyces spp., Saccharomyces spp., 
Torulopsis spp., Zygosaccharomyces spp.), and rarely 
acetic acid bacteria (Acetobacter spp.) (De Moreno de 
LeBlanc et al., 2006; Farnworth, 2005; Güzel-Seydim et 
al., 2011; Motaghi et al., 1997; Witthuhn et al., 2004). 
Several studies report the benefits of this product with the 
rich microbial composition (Cevikbas et al., 1994; 
Vinderola et al., 2006; Maeda et al., 2004; Urdaneta et al., 
2007). In particular, lactic acid bacteria's therapeutic effect 
like reducing cholesterol level, improving immunity, and 
reducing gastrointestinal symptoms has been emphasized 
for many years (Tamai et al., 1996; Perdigon et al., 2001; 
Alm, 1982; Rosa et al., 2017). In the kefir samples 
examined in this study, Lactobacillus paracasei, 
Lactobacillus casei, Lactococcus lactis, Leuconostoc 
mesenteroides, Leuconostoc spp, Streptococcus sp., and 
Candida kefyr were isolated from kefir samples included 
in the study. Acetic acid bacteria were not isolated in any 
kefir samples. We can conclude from results that the kefir 
products examined in this study were found to have 
enough probiotic variety to constitute the kefir flora. 

Several studies have highlighted the microorganism 
diversity of kefir produced using traditional methods (Oner 
et al., 2010, Guzel-Seydim et al., 2005; Walsh et al., 
2016). However, this study determined relatively fewer 
microorganism varieties in the kefir samples produced 
using the traditional method. Note that factors such as 
milk, type of grain, incubation time, or environmental 
conditions may have affected kefir products' microbial 
diversity. Nevertheless, industrial kefirs with an average 
shelf life of 20 days had a microbial variety that could 
provide the expected benefits of kefir in both measurement 
times. 

One study determined that the number of 
microorganisms remained constant in the first 15 days of 
kefir's storage time made from cow milk (Oner et al., 
2010). Similarly, Leite et al. (2013) observed no change in 
the number of lactic acid bacteria and yeasts. However, 
Irigoyen et al. (2005) observed that the number of 
Lactobacillus and Lactococcus decreased in the 2nd week 
in both series prepared by adding 1% and 5% kefir grains, 
respectively. In this study, the number of Lactococcus 
decreased in the second measurement of plain kefir 

samples (p<0.05). Another similar study found a lower 
number of Lactococcus in the second week of the study 
(Irigoyen et al. 2005). They found that the counts of yeast 
and acetic acid bacteria remained constant during cold 
storage, and the count of LAB decreased in the 7–14 days 
of storage (Irigoyen et al. 2005). Montanuci et al. (2012) 
reported that the number of yeasts, acetic acid bacteria, and 
Leuconostoc increased or remained unchanged at the end 
of the storage period, but the total LAB and Lactococcus 
population decreased by 1 to 2 logs or remained 
unchanged during the storage. In another study, the LAB 
number of five commercial Norwegian kefir samples 
decreased in the first 4 weeks of storage, while the number 
of yeasts increased during the storage period (Grønnevik et 
al., 2011). This study found a statistically significant 
difference between the counts of Lactobacillus, 
Lactococcus, Leuconostoc, and Streptococcus at two 
different times (p<0.05), where the average value in all 
four parameters was lower at the end of the expiration date 
than at the beginning of the production date (Table 2). 
Despite this numerical decrease, all industrial kefir 
samples complied with the definition of kefir according to 
Food Codex in both measurements, which suggests that 
there is no risk/harm in consuming these products until 
expiry date. 

In this study, the yeast was found only in 2 of the 10 
samples, including 1 plain and 1 fruit kefir products of the 
same trademarks. The number of yeasts increased in only a 
sample with yeast (Table 2). Loretan et al. (2003) 
determined the number of yeasts in a home-made kefir 
sample as 8 log10 cfu/mL but found no yeast in it. 
Contrary to previous studies, the fact that the yeast was not 
isolated from the kefir samples produced using the 
traditional method in this study suggests that the stability 
of microbial content in kefirs produced using the 
traditional method could not be achieved. Note that 
different microbial contents can be obtained by changing 
the conditions such as grain, milk, time, and temperature. 

One study, conducted in Ireland, has examined the 
microbial composition of six kefir samples and found a 
similarity in terms of Lactobacillus, Lactococcus, 
Leuconostoc, acetic acid bacteria, and yeast numbers (Rea 
et al. 1996). Similarly, this study compared fruit and plain 
kefir samples in terms of the number of lactic acid bacteria 
at two different times and found no statistically significant 
difference between them. The products sold in the market 
were compared with their counterparts at two different 
times and observed to have similar LAB numbers. In this 
context, there is no risk for individual preferences to come 
to the fore in selecting fruit or plain kefir samples. 
However, sugar additives should be considered in selecting 
kefir in bodyweight management or in the presence of 
diseases such as diabetes mellitus, where even simple 
sugar intake should be taken into consideration. 

Leite et al. (2013) found that the pH value of Brazilian 
kefir decreased in the period from fermentation to the 
expiration date. Another study has emphasized that the pH 
value continuously decreases in the cold storage period 
after fermentation (Guzel-Seydim et al., 2005). Similarly, 
this study determined that the pH values of industrially 
produced kefir samples decreased in the storage process 
but found a statistically significant decrease only in plain 
kefir samples (p<0.05). The pH values of plain and fruit 
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kefir samples were compared simultaneously and found to 
be stable, suggesting no statistically significant difference. 

This study has some limitations. Only one kefir sample 
was prepared by the traditional method with one type of 
kefir grain, and industrial kefir samples included 
pasteurized milk of only two brands. Therefore, it will be 
useful for further studies to examine more than one sample 
by preparing kefirs with the traditional method using 
pasteurized milk of different brands and grains. Besides, 
no standardization has been achieved regarding the supply 
of industrial products in the market, and there was a 
possibility that the products were not offered for sale in 
similar conditions (cold chain compatibility, date of 
arrival, storage conditions, etc.) before purchase, both of 
which limited this study. However, as a consumer does not 
have a chance to follow this chain, the existing conditions 
can be considered suitable. 

Microbiological and chemical changes in the process 
from kefir production to consumption contribute to its 
unique taste, creating its own unique flavor. The 
microbiological properties of kefir vary depending on 
grain to milk ratio, incubation, or storage conditions. This 
study found that the number of microorganisms in 
industrial kefir samples decreased at expiration dates. 
There was a significant decrease in the number of 
Lactococcus only in plain kefir samples sold in the market. 
No differences were observed between fruit and plain kefir 
samples in terms of the number of lactic acid bacteria 
measured at two different times, and all kefir samples 
examined had probiotic properties. Therefore, there is no 
difference in preferring plain or fruit kefir to benefit from 
these bacteria's positive health effects (on gastrointestinal 
disorders, metabolic diseases, etc.). However, notably the 
number of microorganisms was relatively lower at the 
expiration date. Depending on these results, awareness 
studies on the dates when kefirs are offered to the market 
should be conducted. Besides, nutritionists should provide 
detailed information about label reading when they include 
kefir in nutrition plans. They should also emphasize that 
individual differences in the selection of flavored or plain 
kefir do not affect the benefits expected from kefir. 
Furthermore, there is a need to increase the number of 
scientific studies on microbiological changes in fermented 
products and to share the importance of this issue with 
consumers. 
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Abstract 

 The aim of this work was to study a new strain of microorganisms resistant to herbicides of different chemical structure and 
its impact on herbicidal stress in wheat (Triticum aestivum L.). Herbicides with synthetic auxins 2,4-D (2-ethylhexyl ether), 
dicamba (Octapon, Chistalan) and metsulfuron-methyl (Nanomet) had a phytotoxic (stress) effect on wheat plants, 
decreasing their weight up to 11%, reducing the amount of chlorophylls up to 10% and increasing the proline quantity by 
2.5-5.7 times in leaves. The Pseudomonas avellanae strain 6CH2 was isolated from chemical factory soil and had a number 
of useful properties: suppression of phytopathogenic Fusarium, herbicide-resistance, synthesis auxins and molecular 
nitrogen fixation. Its special features did not disappear under the influence of herbicides. Because of these properties, P. 
avellanae strain 6CH2 had an anti-stress effect on wheat plants if they were jointly treated with herbicides and bacteria. 
Spraying with herbicides increased the concentration of proline in wheat leaves by 1.7-2.8 times, while bacterial addition 
made it at least the same as in the control group. Inoculation with bacteria P. avellanae strain 6CH2 increased the total 
chlorophyll amount by 1.19-1.26 times against the background of herbicidal stress. Thus, bacteria P. avellanae strain 6CH2 
can be used as an anti-stress agent when spraying wheat crops with herbicides. 

Keywords: Pseudomonas, Wheat, Anti-fungal activity, Anti-stress effect, Chlorophyll, Proline. 
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1. Introduction 

When cultivating agricultural crops, traditionally, great 
attention is paid to combating weed flora. Along with soil 
tillage and crop rotations, chemical herbicides are the main 
methods for controlling unwanted vegetation. They are 
used more often than other plant protection products 
(Aktar et al., 2009). Such widespread and intensive use 
provokes the spread of resistant weeds, which in turn 
prompts agricultural producers to increase the doses of 
herbicides and combine several active substances in order 
to improve the efficacy of chemical herbicides (Zargar et 
al., 2019). The efforts to control perennial and persistent 
weeds can also inhibit crop plants (Light et al., 2005; 
Kumar and Singh, 2010) and results in residual effects 
next year (Su et al., 2018). The current situation will 
remain until the next generation of products aiming with a 
different mechanism of action compared to currently 
produced herbicides. 

Therefore, the search for means to reduce herbicidal 
stress in agricultural crops becomes relevant. The use of 
specialized strains of microorganisms for this purpose 
began to be considered only recently and is reflected in a 
few publications. Bourahla et al. (2018) ascertained the 
ability of the Pseudomonas putida strain to improve 
physiological and biochemical parameters (chlorophyll, 
carotenoids, malondialdehyde, enzyme activity) and 
reduce the manifestations of oxidative stress in durum 

wheat seedlings against the background of 10-4 M 
norfluazone in hydroponic culture. Burkholderia cepacia 
strain mitigated toxicity, increased the size, dry matter, the 
ability to form nodules, the content of nutrients in seeds of 
chickpea plants, reduced the levels of proline and 
malondialdehyde if the amount of glyphosate in the soil 
was 4.332 mg/kg (Shahid and Khan, 2018). Strain 
Mesorhizobium in the presence of cladinophope (up to 1.2 
mg/kg of soil) increased biomass, nodule and 
leghemoglobin content, nutrient uptake, seed yield and 
grain protein in chickpeas (Ahemad and Khan, 2010b). 
Quizalafop-p-ethyl- and clodinafop-tolerant Rhizobium 
isolate increased biomass, symbiotic properties, nutrients 
uptake and seed yield of lentil (Ahemad and Khan, 2010a) 
and pendimethalin resistant cereals growth stimulating 
Azotobacter salinestris (Chennappa et al., 2018) were also 
described. 

 The described bacteria, which can increase plant 
resistance to herbicidal stress, belong to different genera: 
Pseudomonas, Rhizobium,  Mesorhizobium, Bacillus, 
Azotobacter. All of them are rhizosphere or endophytic 
microorganisms that can actively interact with the plant. 
The authors of the research note that they have such 
properties as nitrogen-fixing and phosphatemobilizing 
activity, synthesis of auxins, exopolysaccharides, 1-
aminocyclopropane-1-carboxylate deaminase, and 
siderophores. 

It is believed that bacteria associated with plants can 
enhance the non-specific stress resistance (including 
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resistance to herbicides), inducing universal protective 
reactions in the plants (Tétard-Jones and Edwards, 2015). 
Therefore, it is possible to obtain a single strain of 
microorganisms that favorably affects plants against a 
wide range of different herbicides. The publications we 
found do not contain data on whether a single bacterium 
can increase the plant's resistance to herbicides of different 
structures or to a combination of two herbicides. 
Therefore, experimental testing of this possibility is actual.    

The aim of our work was to study a new strain of 
microorganisms resistant to herbicides of different 
chemical structure and its impact on herbicidal stress in 
wheat.  

Wheat was chosen because of its importance in human 
nutrition and a lot of publications about toxic reactivity of 
wheat plants to herbicides (Song et al., 2007, Bezuglova et 
al., 2019). 

The presence of other useful qualities (fixing molecular 
nitrogen, fighting diseases) would increase the practical 
and commercial value of these bacteria. 

2. Materials and methods 

2.1. Microorganism 

The organism of interest in this research was the 
bacterial strain 6CH2, isolated of the soil contaminated 
with petrochemicals from the territory of an industrial 
enterprise (Republic of Bashkortostan, Russia). The pure 
culture was characterized according to its cultural, 
morphological, physiological, and biochemical 
characteristics using the well-established procedures 
(Gerhardt et al., 1981; Garrity et al., 2005). 

2.2. Molecular identification of bacteria 

Isolation of total DNA was carried out according to the 
method described in (Wilson et al., 1995). Amplification 
of the 16S rRNA gene fragment was carried out using 
bacterial primers 27F (5` AGAGTTTGATC (A / C) 
TGGCTCAG 3`) and 1492R (5` ACGG (C / T) 
TACCTTGTTACGACTT 3`) on a My Cycler amplifier 
(Bio-Rad Laboratories, USA). Isolation and purification of 
PCR products was carried out from low-melting agarose 
using the Wizard PCR Preps reagent kit (Promega, United 
States) according to the manufacturer's recommendations. 
Sequencing of the obtained PCR fragments of the 16S 
rRNA gene was performed using the Big Dye Terminator 
v. 3.1 kit (Applied Biosystems Inc., USA) on an ABI 
PRIZM 3730 automated sequencer (Applied Biosystems 
Inc., USA) according to the manufacturer's instructions 
supplied.  

The search for homologous sequences was carried out 
using the EzBioCloud databases 
(http://www.ezbiocloud.net/eztaxon). A dendrogram of 
phylogenetic similarity was constructed in the MEGA 
version 7 program (http://www.megasoftware.net) by the 
Neighbor-Joining method (Saitou and Nei, 1987) using the 
Kimura model (Kimura, 1980).  

2.3. Antagonism against phytopathogens 

Antagonistic potential against phytopathogens was 
determined during joint cultivation of bacteria and 
filamentous fungi in Petri dishes (Chetverikov and 
Loginov, 2009) on Czapek Dox agar medium. Test objects 
were Bipolaris sorokiniana (Sacc.) Shoemaker VKM F-

529, Fusarium culmorum (W.G. Smith) Sacc. VKM F-
844, F. gibbosum Appel et Wollenw VKM F-848, F. 
graminearum Schwabe VKM F-1668, F. solani (Mart) 
Sacc. VKM F-142, F. oxysporum Schltdl VKM F-137, F. 
nivale (Fr.) Ces. Ex Sacc. VKM F-3106, F. semitectum 
VKM F - 1938, F. avenaceum VKM F - 132, Alternaria 
alternate (Fr.) Keissl. VKM F-3047, Rhizoctonia solani 
J.G. Kuehn VKM F-895.  Cultures were obtained from the 
All-Russian Collection of Microorganisms. The fungi were 
maintained on Czapek Dox agar. 

2.4. Measurement of  bacterial nitrogenase activity 

The acetylene reduction assay was used as an indicator 
of nitrogenase activity of strain 6CH2, with ethylene used 
as a label and measured by gas chromatography (Hardy et 
al., 1973; Korshunova et al., 2013).  

2.5. Measurement of  bacterial indolyl-3-acetic acid 

The capacity of strain 6CH2 to synthesize indolyl-3-
acetic acid (IAA) was measured by immunoenzyme assay 
was carried out as described (Bakaeva et al., 2020). 

2.6. Modeling herbicide stress 

For modeling herbicide stress in plants, selective 
herbicides containing auxin-like substances 2,4-D (2-
ethylhexyl ether) - Octapon, 2,4-D (2-ethylhexyl ether) 
and dicamba (sodium salt) - Chistalan (LLC AHK-AGRO, 
Russia) and metsulfuron-methyl - Nanomet (LLC 
Pesticides.ru, Russia) were used. They are designed to 
destroy perennial, annual dicotyledonous weeds that grow 
among spring barley, spring and winter wheat (State 
catalog…, 2020). 

2.7. Wheat cultivation and treatments 

Plants of soft spring wheat (Triticum aestivum L.) 
cultivar Kinelskaya Yubileinaya were grown in Climate 
Chamber MLR-352H-PE (PHC Europe BV, Netherlands) 
in one-liter containers filled with a mixture of sand and 
black soil in a ratio of 1: 9, at a PAR photon flux density 
of 190 μmol • m-2 • s-1, 14 -hour photoperiod and 
temperature 26 ° С. Soil humidity was maintained at 60-
80% of the total humidity capacity. On the seventh day 
after germination, when the third sheet start forming, 
plants were sprayed with a herbicide, a  suspension of 
bacteria Pseudomonas avellanae strain 6CH2, or their 
mixture: per vessel 0.9 μl Octapon, 0.9 μl Chistalan, 13 μg 
Nanomet, 5 × 107 CFU of the strain 6CH2 (based on the 
working concentrations of herbicides taking into account 
the application rates according to the regulations). 
According to the regulations for herbicides used, the 
second or third leaf stage is the earliest period when 
herbicide treatment is acceptable. Control plants were not 
sprayed. 

 Growth and weight characteristics of shoots and roots 
were determined 14 days after spraying. For each variant 
of the experiment, 30 plants were grown. 

 On the third day after the treatment of plants, the 
content of chlorophyll and proline in the leaves was 
determined. The content of proline and chlorophyll in the 
leaves, dry weight of roots and shoots, and shoot length 
were determined using freshly plucked plant parts. 

2.8. Chlorophyll measurement 

The chlorophyll content was determined 
spectrophotometrically on spectrophotometer Selecta UV-
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2005 (Selecta, Spain) after extraction with 96% alcohol 
(Vernon, 1960) and was expressed in mg / g dry weight. 

2.9. Proline measurement 

The proline content was determined using a ninhydrin 
reagent, as described previously (Bates et al., 1973), using 
a calibration curve constructed with standard L-proline 
(«Sigma», United States) and expressed in μg / g dry 
weight. 

2.10. Statistical analyses  

Statistical analyses were performed with descriptive 
statistics (mean) and two-sample unpaired t-test (p=0.05) 
to determine statistically significant differences (P < 0.05) 
between treatments using MS Excel. Data were expressed 
as averages ± confidence interval. 

3. Results 

The cells of the 6CH2 strain are Gram-negative non-
spore-forming mobile rods with 1-4 polar flagella, grow 
slowly on nutrient agar. When they are cultivated on 
sucrose media, colonies with a diameter of 2-4 mm, round, 

shiny, translucent are formed. The optimum growth 
temperature is 23-25 ° C. The maximum growth 
temperature is 35 ° C. The metabolism is respiratory. 
Bacteria liquefied gelatin, did not reduce nitrates, formed 
levan, did not hydrolyze starch, did not form indole, and 
curdled milk poorly. They produced acid during 
fermentation of dextrose, sucrose, glycerin and formed a 
blue-green fluorescent pigment, when cultured on King B 
medium (King et al., 1954).  

The sequence (1413 bp) of the 16S rRNA gene from 
the isolated strain corresponding to 21-1433 positions of 
the E. coli nomenclature was determined and subsequently 
deposited in GenBank as number MT703877. The 
bacterial species Pseudomonas avellanae, P. syringae, P. 
cannabina, and P. mandelii were closest to the studied 
sample. The sequence similarity between strains 6CH2 and 
P. avellanae BPIC 631 was 99.15%, and with P. syringae 
KCTC 12500, P. cannabina CFBP 2341, and P. mandelii 
NBRC 103147 - 98.94%. To clarify the phylogenetic 
position of the strain, we compared its nucleotide sequence 
of the 16S rRNA gene and that of nearby Pseudomonas 
secies and constructed a dendrogram (Fig. 1). 

Figure 1. Phylogenetic position of the 6CH2 strain according to the analysis of the nucleotide sequence of the 16S rRNA gene. The scale 
shows the evolutionary distance corresponding to 1 nucleotide change in every 1000 nucleotides. The numbers show the statistical 
significance of the branching order determined using the ҅  ̔bootstrap ҆  ̓analysis (the values of the  ̔҆ bootstrap ҆  ̓analysis are shown above 50%). 
The data obtained was presented in this way to make it possible to identify the studied strain as Pseudomonas avellanae 6CH2.
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The investigated strain showed antagonism against the 
spectrum of phytopathogenic Fusarium and other  
phytopathagenic micromycetes (table 1), without exerting 
much growth suppression of micromycetes from other 
genera. It was found that the direct interaction of test fungi 
of the genus Fusarium and the strain P. avellanae 6CH 2 
significantly slowed the formation of mycelium compared 
to the control without bacteria (the spore germination 
delay was 24-96 h), and the morphology of the pathogens 
hyphae was strongly changed.  
Table 1. Antagonistic activity of the bacterial strain Pseudomonas 
avellanae 6CH2 

Phytopathagenic micromycetes Diameter of the  fungal 
growth inhibition zone, mm 

Fusarium culmorum VKM F - 844 12.0±1.5 
F. gibbosum VKM F – 848 16.8±2.0 

F .graminearum VKM F – 1668 14.6±1.4 

F. nivale VKM F – 3106 10.4±0.5 

F. semitectum VKM F – 1938 14.2±1.2 

F. solani VKM F – 142 16.2±1.5 

F. avenaceum VKM F – 132 20.6±2.2 

F. oxysporum VKM F-137 14.4±1.3 

Bipolaris sorokiniana  ≤5.0 

Alternaria alternate VKM F-3047 ≤5.0 

Rhizoctonia solani VKM F-895 ≤5.0 

The nitrogen-fixing activity of P. avellanae 6CH2 was 
19.8 nmol C2H4 • h-1 • ml-1. The nitrogenase activity did 
not decrease under the influence of the studied herbicides 
in the above-mentioned concentrations.   

The herbicide-resistant strain 6CH2 was able to 
synthesize IAA both when grown in the presence and in 
the absence of the herbicides. The maximum IAA 
production was 189 ± 12 ng / ml in the culture liquid 
without herbicides and did not decrease by more than 10% 
in their presence.  

In our study, treatment of wheat plants with herbicides 
Nanomet and Chistalan at the stage of emergence of the 
third leaf resulted in suppression of their growth; shoot (up 
to 14%) and root weight (up to 18%) (Fig. 2), shoot length 
(up to 12%) (Fig. 3) were significantly less than in the 
control group of plants not exposed to the herbicide. The 
variant with the herbicide Octapon, which slightly 
stimulated the mass accumulation and shoots growth, 
stood out from the general paradigm. This synthetic auxin, 
whose effect on sensitive plants is due to the excessive 
accumulation of auxins in them and a violation of their 
distribution between organs (Grossmann, 2007), worked in 
our case as a weak growth stimulant. 

Figure 2. Effect of herbicides and spraying with strain P. 
avellanae 6CH2 on root and shoot weight of wheat measured 14 
days after. Mean values ± confidence interval are presented 
(n=30). Significantly different means of each parameter are 
marked with different letters (p≤0.05)  

Figure 3: Effect of herbicides and spraying with strain P. 
avellanae 6CH2 on shoot length of wheat measured 17 days after. 
Mean values ± confidence interval are presented (n=30). Values 
sharing same letters differ non-significantly (P>0.05) 

Another manifestation of the negative effect of all 
tested herbicides on plants was a decrease in the total 
content of chlorophylls a and b (up to 10%) (Fig. 4). 
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Figure 4. Effect of herbicides and spraying with strain P. 
avellanae 6CH2 on chlorophyll amount in wheat leafs measured 3 
days after.  Mean values ± confidence interval are presented 
(n=30). Values sharing same letters differ non-significantly 
(P>0.05) 
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Bacterial treatment without herbicides had a positive 
effect on the length of the shoots and, accordingly, on the 
chlorophyll amount (an increase of 16%). Taking into 
account that the chlorophyll content is an important 
indicator of the state of plants under stress (Ashraf and 
Harris, 2013), it can be unambiguously asserted that 
bacterial treatment with the strain 6CH2 was not stressful 
for the tested plants. The positive effect of bacteria was 
expressed in mitigation the negative influence of the 
herbicide on the photosynthetic apparatus. It was reflected 
in the pigments quantity in plants. In all variants, 
inoculation with bacteria led to an increase in the total 
chlorophyll amount against the background of herbicidal 
stress. 

When treating wheat plants with mixtures of bacteria 
and herbicides, a significant increase in all growth 
characteristics was observed relative to plants treated with 
herbicides only. The mass of plant roots reached the 
control parameters, and the mass and length of shoots 
exceeded the values in the control group by 8-16%. The 
increase in the mass of plant can be attributed to the 
bacterial indolylacetic acid responsible for root system 
extension and improvement of absorption of mineral 
elements and water. Bacteria can also increase the nitrogen 
and phosphorus available to plants, as shown above. The 
assumption of improved nutrition seems plausible because 
the increase in plant mass occurred in all variants of the 
experiment with the bacterium regardless of the herbicide 
type. 

In our experiment, spraying with herbicides increased 
the concentration of proline in plants (Fig. 5). If the 
spraying with synthetic auxins increased the concentration 
of proline by 3 times relative to the control, then in the 
case of treatment with Nanomet, the increase was more 
than 500%. The treatment of plants with a mixture of 
herbicides and bacteria did not initiate the accumulation of 
proline; its concentration in them practically did not differ 
from the plants of the control group. 

Figure 5. Effect of herbicides and spraying with strain P. 
avellanae 6CH2 on proline amount in wheat leafs measured 3 
days after.  Mean values ± confidence interval are presented 
(n=30). Values sharing same letters differ non-significantly 
(P>0.05) 

4. Discussion  

The main problem of using herbicides is their negative 
effect on basic agricultural crops. Herbicide treatment can 
cause oxidative stress in plants, which is manifested in a 
slowdown in growth processes and a decrease in 
productivity in the final (Light et al., 2005). At the same 
time, herbicidal treatment is the only real way to control 
weeds on an industrial scale, even taking into account the 
non-absolute selectivity of herbicides. And reducing the 
toxic load of herbicides on cultivated plants is a real 
problem.  

Although it is believed that monocotyledonous plants 
are insensitive to the herbicides based on the synthetic 
auxin 2,4-D, in the case of their application before the 
onset of the tillering stage, inhibition of wheat plant 
growth was noted (Kumar and Singh, 2010). It is also 
believed that cereals are relatively resistant to the action of 
sulfonylurea herbicides, but in some cases they do not 
cope with their toxic effects (Barrett, 1989), not to mention 
the problems of dicotyledons crops that follow them in the 
crop rotation.  

In our experiment we observed a tendency to slow 
growth and reduce the amount of chlorophyll in plants 
treated with certain herbicides. But a more obvious marker 
of stress was the accumulation of proline in the leaves.  

The formation and accumulation of the amino acid 
proline is a possible physiological reaction of wheat plants 
to stress caused by toxic substances including herbicides 
(Sharma and Dietz, 2006). To date, the osmoprotective, 
antioxidant, signal-regulatory and other functions of this 
multifunctional amino acid have been established 
(Szabados and Savoure, 2009; de Carvalho et al., 2013). 

Some authors associate the ability of cells to 
accumulate proline with a selective assessment of drought 
resistance of plant varieties and species (Chaves and 
Oliveira, 2004). Taking into account the fact that proline 
plays an important role in maintaining cellular metabolism 
and ensures the survival of plants in extreme conditions, 
we also determined its amount in wheat leaves. 

Metsulfuron-methyl most strongly provoked the 
accumulation of proline in the leaves. We tend to associate 
this additional increase with the mechanism of action of 
sulfonylurea class herbicides on plants, the primary target 
of which is the acetolactate synthase (ALS) enzyme. ALS 
is the first enzyme on the biosynthetic pathway of 
branched-chain amino acids (valine, leucine and 
isoleucine) that functions in fungi, bacteria and higher 
plants (Brown and Cotterman, 1994). When it is inhibited, 
an excess of pyruvate and oxaloacetate are formed in plant 
cells, then they are transformed into α-ketoglutarate (Fig. 
6). After that, the metabolic pathway leading to the 
synthesis of glutamate begins to function as much as 
possible. It is known that in plants proline can be 
synthesized in two ways - from glutamate or ornithine. 
However, it is believed that the synthesis of proline under 
the influence of stress occurs mainly along the glutamate 
pathway (Liang et al., 2013). In some plants, more than a 
hundredfold increase in proline content was noted in 
response to unfavorable factors. 
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Figure 6. Biosynthesis of amino acids in plants under the influence of herbicides of the sulfonylurea class 

We have previously shown that the investigated 
bacterial strain P. avellanae 6CH2  is stable and capable of 
growing at a high rate in media in the presence of 
herbicides based on synthetic auxins (Octapon, 10 ml / L; 
Chistalan, 5 ml / L) and sulfonylureas (Nanomet, 0.05 g / 
L ) (Chetverikov, 2019). 

These results show that the studied bacteria exhibited 
other properties characteristic of PGP - bacteria: 
antagonism to phytopathogens, synthesis of a nitrogenase 
complex and phytohormones, including in the presence of 
herbicides. Inhibition of mycelium growth of Fusarium 
fungi and changes in hyphae morphology are the result of 
an action of metabolites of the antagonistic bacterial strain. 
Metabolites of Bacillus (Melentyev and Galimzyanova, 
1999) and Azotobacter (Chetverikov and Loginov, 2009) 
had a similar impact on Fusarium. The nitrogen-fixing 
activity of P. avellanae 6CH2 correlated well with the 
values characteristic of other known nitrogen fixers 
(Bakaeva et al., 2020). According to the literature, the 
amount and activity of nitrogenase in bacteria decreases 
due to various stresses (Tripathi et al., 2002; Choi and Gal, 
1998). Apparently, P. avellanae 6CH2 did not experience 
stress in the presence of herbicides and therefore the 
activity of nitrogenase did not decrease, while herbicides 
had almost no effect on nitrogen fixation and inhibition of 
fungal growth, their presence led to a slight decrease in the 
indolylacetic acid produced by bacteria. A similar decrease 
in IAA secretion was observed for the Burkholderia 
cepacia PSBB1 strain resistant to the herbicide glyphosate 
(Shahid and Khan, 2018). 

Auxin synthesis by bacteria may be the main reason for 
the stimulating effect of PGPB strains on plants. 
Herbicide-resistant PGPB are likely to secrete auxin 
sufficiently even whey are applied to herbicide-
contaminated soil.  High production of auxins, on the 
contrary, can inhibit plants, as in the case of Enterobacter 
sp. I-3 (Park et al., 2015). 

It was shown that PGPBs can change the concentration 
of auxins not only by their synthesis, but also by their 
degradation. For example, P. putida 1290 can use auxins 
as a nutrient substrate, thereby eliminating the inhibitory 
effect of high concentrations of exogenous auxins on the 
plant (Leveau and Lindow, 2005). Therefore, for 
achievement of a stimulating effect, the final amount of 
auxin must correspond to the optimum for the given 
species under the given environmental conditions. 

Thus, will the strain 6CH2, which is tolerant to 2,4-D 
and sulfonylureas and capable of synthesizing IAA in their 
presence, mitigate herbicidal stress in plants? Will the 
amount of phytohormones synthesized by them be 
sufficient? 

The treatment of plants with bacteria 6CH2 in addition 
to herbicides initiated some positive consequences:  
stimulation of growth, production of chlorophyll, no need 
to accumulate a lot of proline. Similar effects from 
exposure to bacteria were observed under stresses induced 
by herbicides paraquat (Agafonova et al., 2016), fusilad 
(Osman et al., 2016), and glyphosate (Shahid and Khan, 
2018). In the case of herbicides of the synthetic auxins 
group, it should be noted that the ability to degrade 2,4-D 
may be one of the factors providing a favourable effect of 
PGPR bacteria on plants (Jacobsen, 1997, Han et al., 
2015). 

In the case of metsulfuron-methyl, an active substance 
of the herbicide Nanomet, bacteria can mitigate its 
negative effect on a cultivated plant, taking the impact on 
itself. First, detoxification can occur by accelerating the 
biodegradation process. Secondly, the toxicity of the 
herbicide can be reduced due to its primary binding to the 
bacterial enzyme ALS, since it has a more convenient 
conformation. 
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5. Conclusion 

Herbicides with synthetic auxins (Octapon, Chistalan) 
and sulfonylureas (Nanomet) have a phytotoxic (stress) 
effect on wheat plants, significantly influencing their 
growth, reducing the amount of chlorophylls and 
increasing the proline quantity. The strain P. avellanae 
6CH2 isolated in this study was capable of suppressing 
phytopathogenic micromycetes from the genus Fusarium, 
resistant to the herbicides, and also exhibited properties 
characteristic of PGPB: the synthesis of a nitrogenase 
complex and phytohormones, including in the presence of 
herbicides. These properties allowed the P. avellanae 
strain 6CH2 to have an anti-stress effect (to make studied 
parameters at least the same as in the control group) if 
wheat plants were jointly treated with herbicides and 
bacteria. 
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Abstract 

Background: Multidrug-resistant bacteria (MDR) often contaminate hospital environment and cause serious illnesses. 
Quorum Sensing (QS) regulates a variety of downstream cellular processes, including antibiotics resistance mechanisms and 
biofilm formation, and causes harm to the host. This study investigates antibacterial susceptibility and biofilm formation of 
pathogenic bacteria in hospital environment. 
Methods: Hundred bacterial isolates were collected from various environments in the Medical City hospital. The 
antimicrobial susceptibility technique was evaluated through disk diffusion method. Next, biofilms formation was detected 
by the microliter plate assay. Finally, PCR was used to analyze the frequency of QS system genes.  
Results: Current findings showed that the predominant isolates were Acinetobacter baumannii (34%), Escherichia coli 
(30%), Pseudomonas aeruginosa (19%), and Klebsiella pneumonia (17%). In general, significant resistance was found 
related to trimethoprim (88%), Augmentin (88%), and cefotaxime (72%). Among all isolates, 62% of sensitivity was related 
to ciprofloxacin.  Biofilm had been formed by 39% of isolates. PCR results showed that the frequency of lasI and rhlI  gene 
was 70% and 61%, respectively. 
Conclusion:  Current findings revealed that the hospital environment is a potential reservoir of MDR gram-negative 
pathogenic bacteria. Thus, we suggest that the health policymakers in Iraq must critically apply the guidelines and 
recommendations for monitoring the environments in the health sector.  
Keywords: Antibiotics Footprint, Acinetobacter baumannii, Antibiotics Resistance, Quorum-Sensing, PCR. 
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1. Introduction  

Nosocomial infections, also known as hospital-acquired 
infections, are serious global health concerns, mainly 
occurring during hospitalization and causing increased 
morbidity and mortality (Labi et al., 2019). A hospital 
environment is undoubtedly a great source of potentially 
pathogenic bacteria (Bouzada et al., 2010). It can be 
contaminated with bacterial pathogens, mainly Gram-
negative (G-ve) rods such as Acinetobacter, Escherichia 
coli, Pseudomonas spp, Klebsiella sp, Shigella spp, 
Salmonella spp and Proteus spp, and Gram-positive 
(G+ve) cocci such as Staphylococcus aureus, 
Enterococcus and Streptococcus. Environmental surfaces 
serve as a reservoir for pathogenic bacteria (Otter et al., 
2013). The development of nosocomial infection depends 
on a multifaceted relationship between the rate of 
contamination of the hospital environment, characteristics 
of the pathogen, and a susceptible host (Worku et al., 
2018). Biofilm bacteria can share nutrients and are 

shielded from harmful environmental factors such as 
desiccation, antibiotics, and the immune system of a host 
body (Nirwati et al., 2019). In the hospital environment, 
biofilm-forming bacteria can associate with the ability to 
survive on surfaces, resist antibiotics, and face host 
defenses. Therefore, it contributes to cause chronic 
infections (Ali et al., 2019). 

Quorum sensing are used by pathogenic bacteria to 
regulate gene expression. QS bacteria produce and release 
signals called autoinducers molecules (Häussler, 2010). 
Target genes regulate virulence factors, biofilm formation, 
and broad behaviors including swarming, swimming, 
twitching motility, and conjugation (Rutherford and  
Bassler, 2012). The most common QS system in G-ve 
bacteria involves the production of N- acylated 
homoserine lactones (AHLs) or autoinducer (Netotea et 
al., 2009). QS signaling will trigger biofilm formation, 
resulting in antimicrobial resistance of the pathogens, 
thereby increasing the therapeutic complexity of bacterial 
diseases (Jiang et al., 2019). In this regard, the main aim of 

https://doi.org/10.54319/jjbs/14307
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rostami%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27099681
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the current study is to identify the seriousness of a hospital 
environment as a potential reservoir of multidrug-resistant 
bacteria capable of infecting patients. 

2. Materials and Methods 

2.1. Bacterial isolates collection and identification 

  A total of one hundred bacterial isolates were 
collected from the surfaces, laundries, health care workers, 
and medical equipment in Medical City hospital in 
Baghdad, Iraq. Sterile swabs were used for the collected 
samples. These isolates were identified by routine 
biochemical tests and the Vitek 2 system.   

2.2. Antibiotic Susceptibility test 

The pattern of antibiotic susceptibility was done by the 
Kirby-Bauer method and interpreted according to the 
Clinical Laboratory Standard Institute guidelines (CLSI, 
2020). Eight antibiotic discs were used in this study, which 
are Amikacin (AK, 30µg), Augmentin (AMG, 20 µg), 
Cefotaxime (CTX, 30µg), Cefepime (CPM, 30µg), 
Ceftriaxone (CTR, 30µg), Ciprofloxacin (CIP, 5µg), 
Trimethoprim (TMP, 5µg) and Piperacillin (PI, 30µg). 
These discs are provided from Bioanalyse in Turkey. The 
duplicated antibiotic was made and quality controled using 
P. aeruginosa ATCC 27853 (incubated at 37°C for 18-
24hr.). Bacterial isolates were resistant to at least three 
different antimicrobials classes considered as MDR.   

2.3. Biofilm formation assay 

Microliter Plate Assay was performed for biofilm 
formation according to the method described by Babapour 
et al. (2016). First, 200 μl of bacterial suspension 
overnight culture (equivalent to 0.5 McFarland standard) 
was used to inoculate wells of a flat-bottom 96-well 
polystyrene microtiter plate (Coastar, USA), containing 
180 μl of Brain Heart Infusion broth (Himedia, India) with 
2% sucrose. After incubation at 37Cо for 24 hours, 
unattached cells were gently rinsed three times with 
phosphate buffer saline (pH: 7.2). Then, cells were dried at 
room temperature for 15 min. Later, adherent bacteria 

were fixed with 200 μl of 99% methanol per well. The 
bacteria attached to the surface were stained with 200 μl of 
crystal violate (0.1%), rewashed, and extracted with 200 μl 
ethanol (95%). A total of 200 μl of the mixed solution was 
analysis using a spectrophotometer at optical density 
(OD630) 630 nm (OPTIMA/Japan). Each assay was 
performed in triplicate, and the mean OD630 value of tested 
wells was applied to biofilm-forming ability. Uninoculated 
medium was considered as negative control. Finally, 
adherence capabilities of the isolates were divided into 
four categories, and above the mean optical density of the 
negative control was considered as the cut-off optical 
density (ODc). Based on the ODs in brain heart infusion 
broth, the isolates with OD360 ˂ ODc360 were defined as 
biofilm non-formers, isolates with (ODc ˂ OD ˂ 2×ODc) 
were defined as biofilm formers of weak level, isolates 
with (2×ODc ˂ OD ˂ 4×OD) were defined as moderate 
level, and isolates with (4×OD ˂ OD) were defined as 
strong level. 

2.4. DNA extraction and gene amplification 

DNA was extracted according to the manufacturer's 
instructions of the DNA extraction kit (WizPrep™ gDNA 
Mini Kit, South Korea). Polymerase Chain Reaction was 
performed for amplification of lasR, rhlR, lasI and rhlI 
quorum sensing genes (See Table 1). Each PCR mix (25µl) 
was composed from 12.5µl of Go Taq® Green master mix, 
template DNA 5µl, forward & reverse primers (1µl for 
each), and 5.5µl of deionized nuclease–free water 
(Promega, USA).  

PCR amplification conditions were as follows (all 
primers): initial denaturation at 95°C/5min followed by 36 
cycles of 95ºC/30sec, 59°C/1min and 72°C/1min, and a 
final extension at 72°C/10min (Cotar et al., 2010). The 
products were analyzed by 1% gel agarose (Promega, 
USA), containing 0.5 µg/mL of ethidium bromide and 
visualized under UV light. 
  

Table 1: Primers oligonucleotide sequence and molecular size of PCR products 

Reference Product size bp Oligonucleotide Gene 

(Cotar et al., 2010) 

401 
F: 5′-TGCCGATTTTCTGGGAACC-3′ 

R: 5′-CCGCCGAATATTTCCCATATG-3′ 
lasR 

402 
F: 5′-TCGACGAGATGGAAATCGATG-3′ 

R: 5′-GCTCGATGCCGATCTTCAG-3′ 
lasI 

182 
F: 5′-CGAATTGCTCTCTGAATCGCT-3′ 

R: 5′-GGCTCATGGCGACGATGTA-3′ 
rhlI 

208 
F: 5′-TCGATTACTACGCCTATGGCG-3′ 

R: 5′-TTCCAGAGCATCCGGCTCT-3′ 
rhlR 

3. Results  

The study aimed to identify the seriousness of hospitals 
environment as a potential reservoir of multidrug-resistant 
bacteria and inform policy to monitoring the hospital 
environment. Thus, the current finding showed that 
pathogenic bacteria heavily contaminate the surfaces of the 
hospitals. A hundred of bacterial Gram-negative isolates 
were identified. Among all isolates, A. baumannii were 

34%, E. coli were 30%, P. aeruginosa were 19%, and K. 
pneumonia were 17%. The results of the antibiotics 
susceptibility test showed that most isolates were highly 
resistant against most antibiotics. The highest resistance 
was recorded for trimethoprim (88%), Augmentin (88%), 
and cefotaxime (72%). At the same time, ciprofloxacin 
(38%) was recorded as the most effective antibiotic against 
isolates. All isolates showed resistance to the rest of 
antibiotics ranging between (44%) and (66%), as shown in 
Figure 1. 

https://pubmed.ncbi.nlm.nih.gov/?term=Cotar+AI&cauthor_id=21462836
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Figure 1: Percentage of Antibiotic susceptibility test of bacterial 
isolates. 

The current obtained results showed that 39% of the 
environmental isolates were biofilm producers. The results 
recorded that four isolates with a percentage of 11.76% of 
A. baumannii isolates were strong biofilm producers. At 
the same time, most isolates were producers with weak 
biofilm with percentage of 66.66%. In general, K. 
pneumoniae was the high biofilm producers with 
percentage of 52.94%, followed by E. coli (43.33%), A. 
baumannii (35.29%), and P. aeruginosa (26.32%) (See 
Table 2). 
Table 2: Adhesion patterns of isolates 

Isolates (Number) 
Adhesion patterns 

Total (%) 
Strong Moderate Weak 

A. baumannii 
(n=34) 

4 Non former 8 12 (35.29%) 

E. coli (n=30) Non former 5 8 13 (43.33%) 

P. aeruginosa 
(n=19) 

Non former Non former 5 5 (26.32%) 

K. pneumonia 
(n=17) 

Non former 4 5 9 (52.94%) 

Total (%) 4 (10.26%) 9 (23.08%) 
26 

(66.66%) 
39 (39%) 

PCR analysis revealed that 70% of isolates carried the 
lasI gene, 61% of isolates carried the rhlI  gene, 57% of 
isolates had the lasR gene, while 4% isolates carried the 
rhIR gene (See Figure 2 and Table 3). A. baumannii was 
the most bacterial isolate harboring quorum sensing genes, 
lasI, lasR, and rhlI  genes found in 25 (73.52%) isolates, 
while 4 (11.76%) of isolates carried rhIR gene. The lasI, 
lasR, and rhlI genes were found in all isolates of P. 
aeruginosa (100%) and 13 (76.43%) isolates of K. 
pneumonia.  Finally, 13 (43.33%) E. coli isolates 
contained lasI gene, and 4 (13.33%) isolates had rhlI  
genes. 

Table 3: Number and percentage of QS genes presence in isolates  

          Genes 

Isolates 

lasI lasR rhlI rhIR 

baumannii (n=34) 25 (73.52%) 25 
(73.52%) 

25 
(73.52%) 

4 (11.76%) 

P.aeruginosa (n=19) 19 (100%) 19 (100%) 19 (100%) Negative 

K. pneumoniae 
(n=17) 

13 (76.43%) 13 
(76.43%) 

13 
(76.43%) 

Negative 

E. coli (n=30) 13 (43.33%) Negative 4 (13.33%) Negative 

Total 70 (70%) 57 (57%) 61 (61%) 4 (4%) 

 
Figure 2: Agarose Gel Electrophoresis (1% agarose, 5-10 V/cm 
for 50 min) of lasR, lasI, and rhlI  genes. Lane L 100 bp DNA 
Ladder, Lanes 1-12 Represent of Isolates Bands. 

4. Discussion 

Many studies showed that hospitals’ environment 
(surfaces, clothes, air, water, food, waste, and medical 
devices) harbor bacteria such as Staphylococcus, 
Enterococcus, A. baumannii, E. coli, P. aeruginosa, and K. 
pneumonia. Bacterial isolates in the hospital setting are 
characterized as MDR, not only for the irrational use of 
antibiotics but also for the presence of antibiotics residues 
in fluid effluents (Dougnon et al., 2020). Hospitals’ 
environments are characterized by heavy bacterial density 
(Ory et al., 2016). Antibiotic resistant bacteria pose a 
significant threat to public health in the hospitals’ 
environment (Osińska et al., 2017).  

Our findings are consistent with several previous 
studies that showed various components of the hospitals’ 
environment could accommodate many pathogenic 
bacteria. According to Kim and co-workers, the areas 
around patients are generally contaminated by bacteria. 
The bacterial contaminantion on surfaces was supported 
by the formation of biofilms and prolonged survival in the 
environment (Kim et al., 1981,Talon, 1999, Bertrou et al., 
2000). 

https://pubmed.ncbi.nlm.nih.gov/?term=Ory+J&cauthor_id=27131824
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Current findings revealed local isolates carrying one or 
more QS genes. The Iraqi study conducted by Sallman et 
al. (2018) reported 82.53% isolates carrying lasI/lasR and 
rhlI/rhlR genes. Senturk et al. (2012) displayed that 
77.7%, 88.8%, 66.6%, and 77.7% of isolates were positive 
for rhIR, rhlI , lasR, and lasI, respectively. QS involves 
generation, release and detection of extracellular signal 
molecules called auto-inducers (AI). It regulates behaviors 
requiring cells to synchronize in order to achieve 
successful results (Paluch et al., 2020). The QS system 
facilitates the bacterial population to grow and proliferate 
in an environment with effective intercellular 
communication (Subhadra et al., 2016). QS-controlled 
processes include antibiotic resistance, biofilm formation 
and virulence (Paluch et al., 2020). 

Antibiotic-resistant A. baumannii has been represented 
as one of the most problematic hospitals acquired bacteria. 
A. baumannii can colonize in the hospital setting, and 
constitutes a significant problem in intensive care units 
(Espinal et al., 2012). A. baumannii was isolated from 
11% (7/64) of air samples. Hospitals and healthcare 
settings are regarded as reservoirs of Pseudomonas spp 
isolates, which are a worldwide health concern due to the 
increasing development of MDR isolate (Alhusseini et al., 
2019). Several therapeutic challenges exist with MDR P. 
aeruginosa due to the limit of effective treatment strategies 
(Aloush et al., 2006). The presence of pathogenic bacteria 
in the hospitals’ environment poses a significant risk to 
health. K. pneumonia is recognized as an urgent threat to 
human health because of the emergence of MDR isolates 
associated with hospital outbreaks and hyper-virulent 
strains associated with severe community-acquired 
infections (Holt et al., 2015). Recorded hospital settings 
showed the highest percentage of 23% of extended-
spectrum β-lactamase producing K. pneumonia (Chaudhry 
et al., 2019). Biofilm becomes a significant problem in 
health care (Dewasthale et al., 2018). Bacteria in a biofilm 
are a protective mechanism to survive in harsh conditions. 
These bacteria become more resistant to antibiotics; 
therefore, this biofilm structure represents an important 
virulence factor (Espinal et al., 2012).  

Antibiotics resistance in biofilms is complex and 
results from contributions of intrinsic, acquired, and 
adaptive mechanisms. Most notably, biofilm specific 
features such as the differential expression of multiple 
gene networks, extracellular matrix, and the metabolic 
heterogeneity of subpopulations within a biofilm colony 
are significant contributors to antibiotic resistance (Taylor 
et al., 2014). P. aeruginosa and K. pneumoniae exhibited 
strong biofilm-forming ability on hospital clinical 
laboratory surfaces. Klebsiella spp. was  found to persist 
on dry inanimate surfaces between 2 Hr. to 30 months, 
while the persistence of P. aeruginosa was 6 Hr. to 16 
months (Chen et al., 2020).  

5. Conclusion 

    The extracted findings from this study reported the 
prevalence of gram-negative pathogenic isolates in the 
hospitals’ environment. So, appropriate measures could 
help reduce pollutants in the hospitals’ environment and 
reduce related serious illnesses. As a result, the current 
findings recommend the routine screening and disinfection 
of the hospitals’ environment to prevent contamination. 
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Abstract 

Muscari muscarimi Medik., which is an endangered and endemic geophyte species of Turkey, was studied for antioxidant, 
cytotoxic and apoptotic potentials. The antioxidant effect of the extracts (ethanol and methanol) provided from the flower 
and bulbs of M. muscarimi was tested through the antioxidant potency by phosphomolybdenum assay, the reducing power 
assay, metal chelating ability, nitric oxide scavenging and ABTS radical cation scavenging capability methods. Also, total 
flavonoid and saponin content of the extracts was specified. Cytotoxic activity of the extracts was assessed and screened 
against human MCF-7, HeLa and H1299 cancer cells. Terminal transferase dUTP nick end-labeling (TUNEL) assay was 
applied to cancer cells for the determination of the late apoptotic changes. Antioxidant potencies in bulb extracts were 
observed to be lower than the flower extracts. However, the cytotoxicity and TUNEL assay revealed that the bulb extracts 
exhibited more marked anticancer activity against H1299 cell line than the other cell lines. Based on the in vitro data, M. 
muscarimi warrants further studies to isolate novel compounds for chemotherapeutic use. 
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1. Introduction 

The use of plants as medicines has a history as old as 
mankind. Traditional medicinal plants have been used to 
cure several diseases for thousands of years in different 
parts of the World (Adebayo & Krettli, 2011). Turkey is 
one of the most prominent floristic regions on the earth 
due to its geologic, topographic and climatic features. 
Floristic studies have shown that Turkey houses about 
12000 plant taxa on its soils and more than 3000 taxa 
among them are endemic (Hoekstra  et al., 2005). 
Geophytes are a considerable component of this generous 
biodiversity and include a lot of significant endangered 
and endemic species such as Muscari muscarimi Medik. 
The genus Muscari Mill. was formerly classified in the 
family Liliaceae but recently has been reclassified in the 
family Asparagaceae (Mulholland et al., 2013). The total 
number of Muscari species recorded in Turkish flora is 
approximately 39, and 24 of them (61.5%) are endemic 
(Eker, 2019). M. muscarimi is a perennial bulbous plant 
known as ‘misk sümbülü’, growing in south-west Turkey. 
This endemic species is most fragrant species in the genus 
Muscari and has high ornamental potential. It bears 
fascinating dirty bluish-gray flowers that bloom between 
March and May each year. The indigenous populations of 
M. muscarimi, is critically affected by enhanced 
environmental impurity and urbanization (Ozel et al., 
2015). It has been used in the folk medicine in Turkey. In 
addition to this, it has also been used as ornamental plants 

in gardens, dye and as food for animals and humans (Oztas 
et al., 2018). Some species of Muscari have been utilized 
in conventional medicine as hypoglycemic, diuretic, 
antirheumatic, antiverruca, antiallergic and expectorant 
(Kayıran & Özkan, 2017, Loizzo et al., 2010). Different 
investigations have also been notified to the antioxidant, 
antimicrobial and anticancer effects of Muscari 
(Mammadov et al., 2012, Mammadov et al., 2016, Eroğlu 
Özkan et al., 2018).    

Antioxidants preserve the cell constituents towards 
oxidative loss caused by free radicals. Phenolic 
compounds, alkaloids, terpenoids and other secondary 
metabolites present in plants are superb in antioxidative 
effects. Researchers have found out that many of these 
antioxidant components have anticancer, 
antiinflammatory, antimutagenic, antimicrobial and 
antiviral potentials (Shahidi & Ambigaipalan, 2015). 
Muscari Mill. contains different phytochemicals with 
biological activities including homoisoflavonoids, 
glycosides and water-soluble polysaccharides 
(Urbancikova et al., 2002, Adinolfi et al., 1985). 
Lanosterol and tetranorlanosterol glycosides from Muscari 
paradoxum (bulbs) were assessed for their cytotoxic effect 
on HSC-2 cancer cells. Even though the tetranorlanostane 
glycosides did not display any cytotoxicity on HSC-2 
cells, the lanostane glycosides exhibited high cytotoxic 
activity (Ori et al., 2003). It was reported that 
homoisoflavonoid compounds isolated from M. neglectum 
had antiinflammatory, estrogenic, antiestrogenic, 
anticancer and angioprotective bioactivities (Lim, 2014). 

https://doi.org/10.54319/jjbs/14307
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Cancer is a fatal universal illness of these times and a 
crucial obstacle in the ever-increasing lifetime of affected 
inhabitants (Bray et al., 2018). Despite a general choice for 
cancer therapy, chemotherapy is restricted by drug 
resistance and noxious adverse effects (Hanahan & 
Weinberg, 2011). Natural products can inhibit cancer and 
restrain tumor growth via cell fate pathways containing 
apoptosis (Fulda, 2010). Cancer cells are invulnerable to 
apoptosis owing to the activation of anti-apoptotic proteins 
or suppression of pro-apoptotic proteins (Pandey et al., 
2016). In recent times, a lot of plant extracts or their 
isolated compounds have been evaluated for apoptotic 
effect, and several mechanisms of actions have been 
proposed for their toxicity against cancer cells. Hence, in 
this study, M. muscarimi, which is an endemic and 
endangered species, was assessed for cytotoxicity and 
possible apoptotic ability taking into consideration that 
there has been no paper about such activities previously. 
The antioxidant activity of M. muscarimi was investigated 
through mainly five methods, and its total flavonoid and 
saponin content was also determined. 

2. Materials and Methods 

2.1.  Plant material and extraction 

Approximately, 250 g of M. muscarimi were picked up 
in May 2013 from Antalya (900 m), located in the 
southern part of Turkey and identified by (Voucher No: 
RM1001) Dr. Ramazan Mammadov, Muğla Sıtkı Koçman 
University, Turkey. The plant was divided into two parts 
as bulb and flowers and dried in shade at room 
temperature. The pulverised plant parts were separately 
subjected to solvent extraction in a shaker water bath with 
methanol and ethanol at 48-50°C for 6h. The extraction 
was repeated twice at the same condition. Then solvents 
were removed with a rotary evaporator (IKA RV, 
Germany), samples were lyophilised (Labconco FreeZone, 
USA). The crude samples were kept at -20°C until needed 
(Ozay & Mammadov, 2017). 

2.2.  Total flavonoid and saponin contents 
The total amounts of flavonoid and saponin substances 

of the plant extracts were detected by using the aluminum 
chloride (Moreno et al., 2000) and vanillin-sulphuric acid 
(Hiai et al., 1976) colorimetric methods, respectively. 
These substances were expressed as quercetin (mg QEs/g) 
and quillaja (mg QAEs/g) equivalents, respectively. 

2.3. Antioxidant activity assays 

2.3.1. Total antioxidant capacity (TAC) 

The phosphomolybdenum method was used to evaluate 
the TAC of the extracts. To keep it short, different extract 
solutions were mixed with the reagent solution and 
incubated at 95°C for 90 min. The absorbance values were 
determined at a wavelength of 695 nm (Prieto et al., 1999). 
TAC is denoted as ascorbic acid (mg AEs/g) equivalents. 
2.3.2. Ferric reducing antioxidant power (FRAP) assay 

FRAP assay was applied as defined by Zengin et al., 
(2015). with small modifications. Extracts solutions were 
added to FRAP reagent which was mixed in advance. 
After measuring the absorbances at 593 nm, FRAP 
potential is denoted as Trolox (mg TEs/g extract) 
equivalents. 

2.3.3. Metal chelating activity  

Extracts solutions at different concentrations were 
added to FeCl2. The reaction that started directly after 
adding ferrozine was read at 562 nm after being left for 10 
min left at 25°C. Metal chelating effect is denoted as 
EDTA (mg EDTAEs/g extract) equivalents (Zengin et al., 
2015). 
2.3.4. ABTS radical scavenging activity 

The scavenging activity towards ABTS (2,2 azino-bis 
(3-ethylbenzothiazloine-6-sulfonic acid)) radical was 
analyzed as described by Re et al., (1999) with slight 
modifications. Freshly prepared and diluted ABTS 
solution was joined in the extracts of M. muscarimi (20-
1000 µg/mL), and the absorbances were read after 30 min 
at 734 nm. The outcomes were indicated as IC50.  
2.3.5. Nitric oxide (NO) scavenging activity 

NO was produced from sodium nitroprusside (SNP) 
which read as defined by Balakrishnan et al., (2009) in the 
Griess reaction. SNP (5mM) in PBS was incubated with 
several concentrations (20-1000 µg/ml) of the extracts, and 
the tubes were kept waiting for 3 hours at 25°C. The 
absorbance value was determined at 546 nm wavelength. 
Ascorbic acid was employed as an antioxidant standard. 
The results were indicated as IC50.  

2.4.  Cytotoxicity assay  

HeLa (cervix adenocarcinoma), MCF-7 (breast 
adenocarcinoma) and H1299 (non-small cell lung 
adenocarcinoma) human cancer cell lines were employed 
in this research. The cells were cultured in RPMI 1640 
medium in a CO2 incubator. 24 hours incubation after 
seeding into 96-well plates (2×103 cells/well), the medium 
was removed from the well leaving the adherent cells and 
cells were applied with extract for 72 hours in the range of 
25-1000 µg/mL. After time was up, cell viability was 
determined by using CytotoxGlo kit (Promega, USA), in 
accordance with the manufacturer’s instructions. The 
percentage of cell viability was calculated relative to 
control cells. A plot of cell viability (%) against 
concentration was created, and the concentration of the 
plant extract that decreased cell viability by 50% (IC50) 
was calculated. 

2.5.  TUNEL assay 

The apoptotic effects of M. muscarimi bulb extracts in 
HeLa, MCF-7 and H1299 cells were evaluated using the 
TUNEL assay. The cells were treated with IC50 values of 
each extract for 24 h at 37°C. To determine cell death, the 
In Situ Cell Death Detection Kit (Millipore, USA) was 
used in accordance with the manufacturer’s instructions. 
The TUNEL-stained apoptotic cells were visualized by use 
of a microscope and then counted. The data were 
expressed as a percentage of the area of TUNEL-positive 
cells in 10 random fields.  

2.6. Statistical analysis 

Statistical analysis was performed using the software 
SPSS version 22.0 program. Statistical significance was 
determined using the one-way ANOVA. Multiple group 
comparisons were analyzed with Tukey’s multiple 
comparison test. Data were expressed as mean ± standart 
error of three separate experiments. p value of < 0.05 was 
considered statistically significant.  
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3. Results  

3.1. Antioxidant activity 

Antioxidant activity of the bulb and flowers of M. 
muscarimi was assayed by using FRAP, ABTS, NO, 
phosphomolybdenum and metal chelating assays. Also, 
total amounts of flavonoid and saponin substances of the 
extracts were calculated by using the aluminum chloride 
and vanillin-sulphuric acid assays, respectively. The 
outcomes of all these assays are presented in Tables 1 and 
2. According to the data that were obtained, the highest 
total flavonoid content was found for the methanolic 
flower extract as 27.22 mg QEs/g, while the highest total 
saponin content was detected for the methanolic bulb 
extract as 140.41 mg QAEs/g (p < 0.05) (Table 1). Flower 
methanolic extract had the highest ABTS (IC50 
value=52.16 µg/ml) and NO (IC50 value=64.35 µg/ml) 
radical scavenging activities (p < 0.05) followed by the 
flower ethanolic extract (Table 2). Likewise, the highest 
results of the FRAP, phosphomolybdenum and metal 
chelating assays for M. muscarimi were determined in the 
flower methanolic extract as 77.53 mg TEs/g, 62.05 mg 
AEs/g and 24.10 mg EDTAEs/g extract, respectively.   
Table 1. Total antioxidant capacity, total flavonoid and saponin 
contents of M. muscarimi extracts (mean±SE). 

Extracts TFC TSC    TAC 

BE 19.35±0.45b 134.01±4.12a 44.33±2.27b 

BM 15.33±0.63b 140.41±4.35a 47.24±2.41b 

FE 23.12±0.71a 110.63±3.06c 58.32±2.65a 

FM 27.22±0.75a 128.17±3.52b 62.05±2.73a 

TFC (Total flavonoid content): quercetin equivalents (mg QEs/g). 
TSC (Total saponin content): quillaja equivalents (mg QEs/g). 
TAC (Total antioxidant capacity): ascorbic acid equivalents (mg 
AEs/g). BM/FM: Bulb/Flower Methanol, BE/FE: Bulb/Flower 
Ethanol. Different letters in the same column indicate a significant 
difference (p < 0.05) 

Table 2. Antioxidant activities of M. muscarimi extracts (mean ± 
SE). 

Extracts 
ABTS 
(IC50 μg/mL) 

NO 
(IC50 μg/mL) 

FRAP assay 
(mg TEs/g ) 

Metal chelating 
activity  
(mg 
EDTAEs/g) 

BE 63.29±1.24b 76.14±1.55b 58.24±0.30c 12.16±0.04b 

BM 68.70±1.38a 81.42±1.67a 62.48±0.33c 14.03±0.07b 

FE 55.01±0.17c 72.21±1.01b 71.02±1.54b 17.85±0.15b 

FM 52.16±0.12c 64.35±0.56c 77.53±1.63a 24.10±0.26a 

Ascorbic 
acid 

08.11±0.03d 19.02±0.05d nt nt 

BM/FM: Bulb/Flower Methanol; BE/FE: Bulb/Flower Ethanol, 
TEs: Trolox equivalents, EDTAEs: EDTA equivalents, nt: no 
tested. Different letters in the same column indicate a significant 
difference (p < 0.05) 

3.2.  Cytotoxic activity and TUNEL assay 
To evaluate the cytotoxic activity of the M. muscarimi 

bulb extracts at several concentrations (25-1000 µg/mL) 
towards MCF-7, HeLa and H1299 cancer cell lines for 72 
h, CytotoxGlo assay was carried out. A decrease in 
viability in cancer cells was observed in a concentration-
dependent manner (p < 0.05) (Fig. 1 and 2). The IC50 

values (μg/mL) of ethanolic and methanolic bulb extracts 
in different cancer cell lines were tabulated (Table 3). 
Methanolic bulb extracts were found to have lower IC50 
values in all cancer cells than ethanolic extracts. The IC50 
values for the methanolic extract were 90.43, 140.13 and 
58.20 µg/mL on MCF-7, HeLa and H1299 cells, 
respectively. The apoptosis-inducing potential of M. 
muscarimi bulb extract was evaluated in the cancer cell 
lines using the TUNEL assay after treatment with the 
extracts at their IC50 doses for 24 h. A remarkable rise in 
apoptotic cells was noticed in the H1299 cells treated with 
methanolic bulb (45.0 ± 2.38%) and ethanolic bulb (41.4 ± 
2.35%) extracts, compared with the control (p < 0.05) (Fig. 
3). Apoptotic cells in H1299 cells were shown in Fig. 4. 

Figure 1. Cytotoxic activity of M. muscarimi ethanolic bulb 
extracts against different cancer cell lines. Data are presented as 
mean±SE. 

Figure 2. Cytotoxic activity of M. muscarimi methanolic bulb 
extracts against different cancer cell lines. Data are presented as 
mean±SE. 

Figure 3. Apoptotic effects of M. muscarimi bulb extracts in 
different cancer cell lines. Data are presented as mean±SE. 
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Figure 4. Apoptotic cells in H1299 cells treated by M. muscarimi 
bulb extracts (A: methanol, B: ethanol) using TUNEL assay. The 
arrows show the apoptotic cells. 

Table 3. IC50 (µg/mL) values of M. muscarimi in different cancer 
cell lines 

Extracts HeLa MCF-7 H1299 

BE 205.01±1.46 135.08±1.28 62.05±1.24 

BM 140.13±1.30 90.43±1.26 58.20±1.20 

BE: Bulb Ethanol, BM: Bulb Methanol. Data are presented as 
mean±SE. 

4. Discussion 

The plants extensively include substances that high 
antioxidant activity owing to the being of phenolic 
complexes particularly flavonoids (Tungmunnithum et al., 
2018). Antioxidants were called as bioactive substances 
that prevent the generation of free radicals or neutralize 
free radicals in living organisms. To prevent oxidative 
degradation of food, some antioxidants called synthetic 
(BHT, BHA, etc.) are extensively used in the food 
industry, but these synthetic antioxidants are suspected of 
being responsible for tumorigenesis (Lourenço et al., 
2019). Therefore, the improvement and usage of more 
powerful antioxidants from natural resource are needed. 

In studies evaluating the antioxidant activity of M. 
muscarimi, two free radicals (NO and ABTS) were used, 
and the studies determined the rate at which these radicals 
are scavenged by the extracts. Transition metals act as a 
catalyst for lipid peroxidation. Therefore, chelating these 
metals is considered as an important antioxidant 
mechanism (Zengin & Aktumsek, 2014). In this study 
using the phosphomolybdenum assay, FRAP assay and 
metal chelating activity, it was found that the flower 
extracts demonstrated higher antioxidant potency than the 
bulb extracts. We have previously published data 
representing the antioxidant activity of M. muscarimi using 
two assays namely, β-carotene/linoleic acid assay and 
DPPH assay and similarly, the flower extracts were 
detected to have higher antioxidant activity than the bulb 
extracts. Also, the highest total phenolic content was 
determined in the methanolic flower extract (38.13 mg 
GAEs/g) (Mammadov et al., 2016). In the current 
research, the highest total flavonoid content was 
determined in the methanolic flower extract as 27.22 mg 
QEs/g. Therefore, the higher antioxidant activity of 
methanolic flower extract may be depending on its total 
phenolic and flavonoid contents. 

To assess the cytotoxic activity of the extracts of M. 
muscarimi on the growth of HeLa, MCF-7 and H1299 cell 
lines, the bulb extracts were examined. The low 
cytotoxicity of the flower extracts has directed us to this 

choice (data not shown). Also, in our previous report, the 
brine shrimp lethality test results of the M. muscarimi 
extracts showed that the flower extracts were less 
cytotoxic than the bulb extracts (Mammadov et al., 2016). 

Many phytochemicals are biologically active, and they 
may interact to protect against cancer. Flavonoids are quite 
strong antioxidants, which scavenge free radicals, prevent 
the progression of cancer and protect towards oxidative 
stress related diseases (Abotaleb et al., 2019, Vrancheva et 
al., 2020). Flavonoids demonstrate powerful anticancer 
potencies against different cancer cells, mediated through 
coordinating of primary signaling pathways involved in 
the migration and invasion of cancer cells and metastatic 
spread, plus increase apoptosis (Ravishankar et al., 2013). 
It was reported that the chemical components of the genus 
Muscari are homo-isoflavanones, flavonoids, glycosides, 
alkaloids and terpenoids (Urbancikova et al., 2002; Lim, 
2014). It has been shown that M. racemosum 
homoisoflavonoids have antimutagenic features and may 
be important for the prevention from cancer (Miadokova et 
al., 2002). In the current study, we found that the bulb 
extracts had higher saponin content than the flower 
extracts. Cytotoxicity of the bulb extracts containing a 
high amount of saponin was higher than the flower 
extracts. Studies in recent years have stated that saponins 
indicate remarkable anticancer activity, like anti-
proliferation via mechanisms that contain induction of 
apoptosis (Man et al., 2010). Not surprisingly, the 
percentages of TUNEL-positive cells were escalated in all 
human cancer cell lines, especially in the H1299 cells, 
treated with the extracts comparison to their untreated 
controls, referring that the strong cytotoxic effects of the 
bulb extracts towards cancer cells are mediated by 
induction of apoptosis. Lanosterol glycosides, named 
scillasaponins E–G, were isolated from M. paradoxum 
bulb extract, and these isolated compounds exhibited 
cytotoxic activity against HSC-2 human oral squamous 
cell carcinoma cells with IC50 values ranging from 6.3 to 
59 mg/mL when etoposide (positive control) had an IC50 
value of 24 mg/mL (Ori et al., 2003). It can be concluded 
that the high amounts of saponins in the bulbs of M. 
muscarimi may result in cytotoxic activity. 

5. Conclusion 

In conclusion, this study is the first research that 
describes the potential antiproliferative and apoptotic 
efficacy on the cancer cells of M. muscarimi, which is an 
endemic and endangered geophyte species for Turkey. 
Further phytochemical and biological studies are needed to 
state the active constituents of M. muscarimi. 
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Abstract 

The coccinellids of southern Syria were studied based on 7418 specimens collected during 2001 to 2005. Fifty-one species 
and subspecies belonging to 21 genera of 11 tribes and two subfamilies (Microweiseinae and Coccinellinae) were recorded. 
Fifteen species are recorded for the first time in Syria. Host plants species for each coccinellid species were recorded. 
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1. Introduction  

Ladybird beetles (Coccinellidae) constitute one of the 
largest families of coleopterous insects, including over 
6000 species (Hodek et al., 2015)). The overwhelming 
majority of lady beetles are predators, feeding of aphids, 
psyllids, whiteflies, mealybugs, scales, thrips, spider mites, 
leaf beetle larvae and other small arthropods (Kuznetsov, 
1997).  

The species of family Coccinellidae in the Middle East, 
with 61 species in Iraq (Ali et al., 1990), 142 species in 
Iran (Biranvand et al., 2016; Mesbah et al., 2016), 16 
species in Jordan (Alawi, 1989), 71 species in Palestine 
(Halperin et al., 1995; Najajrah et al., 2019), 35 species in 
Saudi Arabia (Fürsch, 1979; Raimundo and van Harten, 
2000), 84 species in Turkey (Yurtsever 2001), 22 species 
in the United Arab Emirates (Raimundo et al., 2008) and 
73 species in Yemen (Raimundo and van Harten, 2000). 
Prior to this study, only 11 species had been recorded from 
southern Syria without sufficient data on their distribution 
or ecology (Winkler, 1927; El-Hariri, 1968 and 1971; 
Kabakibi, 1993; Almatni et al., 1999; Bascheer and Abo 
Alshamat 2004; Almatni and Khalil, 2008). 

The aim of the present work is to study the biodiversity 
and distribution of the coccinellid beetles in southern 
Syria, with notes on their host plants.  

2. Materials and methods  

Sampling was conducted in southern Syria covering 
five Governorates (Damascus, Damascus Rural, Al-
Quneitra, Dar`a and As`Sweida) located at different 
altitudes (280-2400m asl. (Figure 1, Table 1). A total of 
7418 adult ladybirds was collected from agricultural and 
non-agricultural areas during three years (August 2001-
July 2003), and other specimens were collected during 
2004 and 2005.  

Ladybird beetles were collected from branches and 
foliage of trees or herbaceous plants. Also, trees were 
shaken and insects were collected in a cloth tray with an 
insect net or by an aspirator. Each specimen was labeled 
with data about host plants, locality, and date. Specimens 
were preserved in 70% ethanol, and other specimens were 
dry mounted and preserved in collection boxes. Whole 
speciemns were photographed by Canon camera, while 
gential structure were extracted (Tegmen and penis, for the 
males and the spermatheca for the females), boiled in 10% 
KOH, washed in water , different concentrations of alcohol 
70%, 95% and 100%, and xylene, then mounted on slides 
and drawn using camera lucida. Specimens are deposited 
at the Department of Animal Biology, Damascus 
University. 
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Figure 1: Collecting localities with their coordinates. 

Species identification was carried out using different 
taxonomic keys and taxonomic references (Dauguet, 1949; 
Chapin, 1965; Fürsch, 1967a; 1979, 1989; Iablokoff-
Khnzorian, 1971, 1982; Hodek, 1973; Gourreau, 1974; 
Chazeau et al., 1974; Leeper 1975; Uygun 1981, Uygun 
and Fürsch, 1981; Canepari, 1983; Canepari et al., 1985; 
Klausnitzer and Klausnitzer, 1986; Raimundo and Alves, 
1986; Majerus and Kearns, 1989; Duverger, 1991; 
Kuznetsov, 1997; Raimundo and van Harten, 2000; Le 
Monnier and Livory, 2003). Identification of most species 
was confirmed by Prof. Dr. Helmut Fürsch (Passau 
University, Germany).  

To assess the occurrence and preference of coccinellid 
species on plant hosts, we measured species richness (total 
number of species recorded), species incidence (the 
number of plant host at which a species occurred). The 
number of coccinellid species was plotted against the 
number of plant hosts to distinguish specialist (coccinellids 
occurring on less than 10 plant hosts) vs. generalist species 
(those occurring on over 30 plant hosts). To assess the 
preferred plant hosts (plants on which more than 15 
coccinellid occurred) the number of plant hosts was plotted 
against the total number of coccinellids. 

 
Table 1: Collecting localities with their coordinates. 

Longitude Latitude Localities Longitude Latitude localities 
36° 03' 30'' 33° 17' 12'' Kulaiaa 36° 21' 48'' 33° 28' 36'' Airport  Street  

36° 32' 57'' 33° 50' 21'' Maalula 36° 30'    33° 28'    Ahmadia 

36° 11' 06'' 33° 27' 21'' Ma`adamiyeh Al-sham 35° 57'  32° 42'  Ajami 
36° 03' 49'' 33° 35' 44'' Maissalon 36° 07'  33° 33'  Addimass 
35° 57' 33° 06' Masehara 36° 40' 11'' 33° 38'  37''  Al-Dumayr 

36° 41' 37'' 32° 24' 23'' Mashkok 35° 59' 33'' 33° 03' 24'' Al-Harra 

35° 58' 33° 18' Mugr Almeer 36° 13' 33° 35' Al-Hameh 

36° 01' 21''            32° 42' 13''            Mzireeb 36° 39' 16'' 32° 36' 56'' Al-Kafr 
36° 00' 32° 41' Nahaj 36° 35' 39'' 32° 32' 06'' Alqraya 
36° 20' 46'' 32° 46' 56'' Nahta 36° 36' 35'' 33° 44' 17'' Al-Qutayfeh 
36° 13' 18'' 32° 47' 28'' Namer 36° 28' 33° 30' Annashabyeh 
36° 48' 49'' 33° 52' 99'' Nasseria 36° 26'   33° 33'  Ashiphonieh 
35° 51' 33° 12' Ophania 36° 18' 15''  33° 35' 55''  Attall 
36° 45' 49''            32° 30' 49''         Orman 36° 30' 99'' 33° 46' 43'' Attawani 
36° 45' 54'' 32° 31' 54'' Orman Mountain 36° 21' 51''  33° 25' 19'' Assaida Zainab 
36° 36 '         32° 46'         Qanawat 36° 25' 10''  33° 51' 48'' Assal Alwared 



 © 2021  Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4 827 

3. Results 

Fifty-one species and subspecies belonging to 21 
genera representing 11 tribes within two subfamilies were 
recorded from southern Syria. Fifteen species are new 
records to Syria (Table 2). Higher taxonomic classification 
and scientific names were followed according to those in 
Kovář (2007), Ślipiński (2007), Seago et al. (2011) and 
Robertson et al. (2015). 

 
Table 2. List of coccinellid species in Southern Syria. 

Species No. of 
sites  

Total No. 
collected 
speciemns 

Subfamily Microweiseinae   
Tribe Microweiseini   
Pharoscymnus ovoideus Sicard, 1929 38 272 
Pharoscymnus setulosus (Chevrolat, 1861)* 1 1 
Subfamily Coccinellinae   
Tribe Coccidulini    
Cryptolaemus montrouzieri Mulsant, 1853  3 6 

Lindorus lophantae (Blaisdéll, 1892)* 4 80 

 

   
Tribe Diomini    
Diomus rubidus (Motschulsky, 1837)  1 1 
Tribe Hyperaspidini   
Hyperaspis (Hyperaspis) femorata 
(Motschulsky, 1837)* 

1 2 

Hyperaspis (Hyperaspis) histeroides 
(Faldermann, 1837)* 

8 12 

Hyperaspis (Hyperaspis) syriaca Weise, 
1885 

1 16 

Tibe Scymnini   
Clitostethus arcuatus (Rossi, 1794)  3 40 
Nephus (Bipunctatus) bipunctatus 
(Kugelann, 1794)* 

32 97 

Nephus (Bipunctatus) includens (Kirsch, 
1870) 

2 2 

Nephus (Nephus) ludyi (Weise, 1879)* 11 115 
Nephus (Nephus) merkli Fürsch, 1994* 8 115 
Nephus (Nephus) quadrimaculatus Herbst, 
1783 

29 265 

Nephus (Sidis) caucasicus Weise, 1929* 1 1 
Nephus (Sidis) hiekei Fürsch, 1965* 2 2 
Nephus (Sidis) kreissli Fürsch & Uygun, 
1980* 

4 27 

Scymnus (Mimopullus) pharaonis 
Motschulsky, 1851 

39 317 

Scymnus (Mimopullus) flagellisiphonatus 
Fürsch, 1969 

17 26 

Scymnus (Mimopullus) flavicollis 
Redtenbacher, 1844 

26 416 

     Table 1. cont 
36° 04' 38 '' 33° 25' 50''  Qatana 36° 36' 22'' 33° 29' 12'' Autaiba 
36° 23' 23'' 33° 45' 16'' Rankus 36° 08' 36''  33° 42' 26'' Azzabadani 
36° 21' 25'' 33° 47' 30'' Rankus Mountain 36° 34' 42'' 32° 29' 22'' Baka 
36° 00' 33° 05' Sabsaba 36° 32' 36'' 32° 30' 38'' Barad 
36° 38' 34'' 32° 35' 43'' Sad alaain 35° 56' 37''       33° 24' 14'' Beqaasem 
35° 56' 35'' 32° 47' 24'' Sahm al-joulan 35° 52' 33° 04' Beer Ajam 
36° 41' 59'' 32° 29' 24'' Salkhad 35° 51' 33°15' Beet jen- Mazraa 
36° 10' 48'' 33° 03' 32'' Sanameen 36° 07' 33° 43' Bludan 
36° 08' 37'' 33° 47' 21'' Serghaya 36° 08' 33° 43' Bludan Mountain 
36° 33' 31'' 33° 53' 10'' Sarkha 36° 15' 15''  33° 31' 23'' Damascus (Qasioun) 
35° 59'     33° 15' Sasaa 36° 06' 40'' 32° 36' 90'' Dar`a 
36° 35' 27''         32° 59' 16''   Saura 36° 02' 44'' 33° 34' 49'' Deir Al-ashairr 
36° 07' 32° 55' Sehaileia 36° 46' 42'' 34° 05' 48'' Deir Atyeh 
36°38 '        32° 51'         Shahba 35° 58'           33° 14'           Dorin 
36° 02'            32° 50'           Sheikh Saad 35° 55'        33° 21'         Durbol 
36° 08'           32° 47'            Sheikh Miskin 36° 40'          32° 41'            Ein alarab 
36° 22'           33° 41' Seydnaya 35° 48' 33° 20' Erneh 
36° 32' 27" 33° 40' 44" Southern  Al-Qutayfeh 36° 10' 24'' 32° 56' 55'' Fakiia 
36°45' 52'' 32° 33' 54'' Taamri  Mountain 36° 45 '51'' 32° 32' 57'' Ghoujygoujyat  Mont. 
36° 05' 32° 44' Tafas 35° 50' 33° 15' Hadar 
36° 45'        32° 50'          Taima 36° 34'       33° 27'              Haran Al-awameed 
35° 58' 32° 41' Tal Shihab 36° 27'         33° 49' Houch arab 
36° 48' 32° 34' Tal-loz 36° 15' 89'' 32° 50' 56'' Izraa 
36° 46' 19'' 32° 47' 44'' Tarba 35° 58' 46"           32° 45' 45"           Jeelin 
35°50' 48''      33° 14' 40''         Trounja 36° 26 '       33° 30'           Jeesrin 
36° 01' 31'' 33° 36' 44'' Wadi  Al-Qaren 35° 49' 36"     33° 13' 56"        Jubata Al-Khashab 
35° 58' 27"           32° 44' 13"           Wadi Jeelin 35° 59'              33° 22 '             Kafr- Hawar 
35° 58' 32° 41' Wadi Shihab 36° 05' 28'' 33° 16' 28'' Kanaker 
36° 38' 23"           33° 57' 24'' Yabrud 36° 20' 57'' 32° 40' 31'' Karak 
36° 02' 30'' 33° 36' 54'' Zarzar 36° 27' 19"          33° 30' 08"           Kharabo 
35° 57'             32° 42'             Zeizon 36° 11' 41'' 32° 44' 13'' Kherbeet Gazaleh 
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Scymnus (Mimopullus) marinus Mulsant, 
1850   

11 109 

Scymnus (Parapullus) abietis (Paykull, 
1798)* 

2 2+ 

Scymnus (Pullus) apetzi Mulsant, 1846* 34 403 
Scymnus (Pullus) auritus Thunberg, 1795* 4 5 
Scymnus (Pullus) fraxini Mulsant, 1850* 2 62 
Scymnus (Pullus) subvillosus (Goeze, 1777) 30 316 
Scymnus (Pullus) syriacus (Marseul, 1868) 28 250 
Scymnus (Scymnus) bivulnerus Capra & 
Fürsch, 1967 

16 52 

Scymnus (Scymnus) frontalis (Fabricius, 
1787) 

2 60 

Scymnus (Scymnus) interruptus (Goeze, 
1777) 

13 111 

Scymnus (Scymnus) nubilus Mulsant, 1850 31 279 
Tribe Stethorini   
Stethorus (Stethorus) gilvifrons (Mulsant, 
1850)  

48 1368 

Tribe Chilocorini    
Chilocorus bipustulatus (Linnaeus, 1758)  7 42 
Exochomus octosignatus (Gebler, 1830)* 1 1 
Exochomus quadripustulatus (Linnaeus, 
1758) 

4 54 

Exochomus undulatus (Weise, 1878)  2 2 
Parexochomus nigromaculatus (Goeze, 
1777) 

10 24 

Parexochomus pubescens (Küster, 1848) 4 6 
Tribe Platynaspidini    
Platynaspis luteorubra (Goeze, 1777) * 8 14 
Tribe Noviini    
Novius cardinalis (Mulsant, 1850)  4 16 
Tribe Tytthaspidini    
Anisosticta novemdecimpunctata (Linnaeus, 
1758)* 

1 1 

Tribe Coccinellini    
Adalia (Adalia) bipunctata (Linnaeus, 1758)  6 61 
Adalia (Adalia) decempunctata (Linnaeus, 
1758)  

13 37 

Coccinella (Coccinella) septempunctata 
Linnaeus, 1758 

39 330 

Coccinella (Spilota) undecimpunctata 
aegyptica Reiche, 1861 

40 152 

Harmonia quadripunctata (Pontoppidan, 
1763)  

10 59 

Hippodamia (Adonia) variegata (Goeze, 
1777)  

56 1042 

Oenopia conglobata (Linnaeus, 1758)  41 618 
Oenopia oncina (Olivier, 1808)*  5 6 
Propylea quatuordecimpunctata (Linnaeus, 
1758)  

8 121 

Psyllobora (Thea) vigintiduopunctata 
(Linnaeus, 1758)  

1 2 

Total 94 7418 
* new record for Syria  

Family Coccinellidae Latreille, 1807 
Subfamily Microweiseinae Leng, 1920 
Tribe Microweiseini Leng, 1920 
Pharoscymnus ovoideus Sicard, 1929 (Figs. 2A and 3A) 

Material examined (272): Damascus Rural: Attall, 
(1), 26.9.2001; (1), 8.5.2002; (1), 26.6.2002; (2), 5.9.2002. 
Wadi Al-Qaren, (4), 19.8.2001; (1), 19.9.2001; (7), 
5.9.2002. Yabrud, (2), 25.10.2001; (1), 8.8.2002; (3), 
11.9.2002. Sasaa, (5), 13.8.2001; (4), 3.10.2001; (1), 
20.3.2002; (5), 2.5.2002; (4), 31.7.2002; (3), 12.9.2002. 

Kulaiaa, (1), 7.8.2002. Beqaasem, (2), 21.9.2001; (6), 
11.7.2002; (1), 29.8.2002. Mugr Almeer, (1), 26.8.2003. 
Addimass, (4), 5.9.2002; (9), 17.9.2002; (6), 30.4.2003. Al 
Hameh, (1), 14.6.2003. Sarkha, (1), 26.9.2001; (4), 
11.9.2002; (1), 21.5.2003. Seydnaya, 11: (9), 2.8.2001; (2), 
21.5.2003. Al-Qutayfeh, (8), 8.8.2002. Annashabyeh, (4), 
28.8.2001; (2), 21.11.2001; (5), 24.7.2002; (2), 27.7.2002. 
Kharabo, (3), 22.8.2001; (1), 26.9.2001; (1), 25.10.2001; 
(1), 23.5.2002; (1), 11.7.2002; (2), 25.5.2003; (4), 
2.7.2003. Ma`adamiyeh Al-sham, (1), 7.10.2001; (2), 
6.12.2001; (1), 6.3.2002; (1), 12.4.2002; (16), 30.8.2002; 
(3), 9.9.2002; (15), 4.10.2002; (1), 1.11.2002; (1), 
4.12.2002; (1), 16.1.2003; (1), 13.3.2003; (1), 6.7.2003; 
(2), 11.7.2003; (2), 23.7.2003; (1), 27.7.2003; (5), 
9.8.2003; (3), 13.8.2003. Damascus: Qasioun, (3), 
13.5.2003. Al-Quneitra: Beer Ajam, (1), 20.3.2002; (2), 
12.9.2002; (1), 2.10.2002; (1), 19.3.2003. Jubata Al-
Khashab, (1), 10.4.2002; (4), 16.5.2002; (2), 11.7.2002; 
(3), 29.8.2002; (2), 26.8.2003. Hadar, (6), 31.7.2002. 
Trounja, (1), 29.8.2002. Ophania, (1), 10.9.2001. 
As`Sweida: Al-Kafr, (1), 11.5.2003. Ein alarab 12: (2), 
7.8.2001; (2), 29.8.2001; (1), 21.8.2002; (6), 23.10.2002; 
(1), 2.6.2003. Orman mountain, (1), 27.9.2001. Orman, 
(1), 21.8.2002. Qanawat, (1), 20.9.2001; (2), 11.4.2002. 
Taima, (12), 11.9.2001. Mashkok, (1), 20.9.2001. 
Alqrayya (2), 20.9.2001. Dar`a: Jeelin 4: (2), 30.8.2001; 
(1), 24.10.2001; (1), 3.7.2002. Wadi Jeelin, (1), 25.4.2002; 
(1), 22.8.2002. Zeizon, (3), 2.10.2002; (1), 13.11.2002; 
(2), 23.4.2003. Ajami (1), 18.7.2002. Kherbeet Gazaleh, 
(1), 7.2.2002. Nahaj, (1), 24.10.2001. Sehaileia, (2), 
26.9.2001. Fakiia, (1), 28.3.2002. Al-Harra, (4), 4.9.2001; 
(4), 2.10.2002; (1), 13.11.2002.  

Remarks: It was recorded from Egypt, Jordan, 
Palestine and Syria (Alfieri, 1976; Halperin et al., 1995; 
Kovář, 2007).  

Host species: Amygdalus sp., Cedrus libani, Citrus sp., 
Crataegus sp., Cupressus sp., Ficus carica, Juglans regia, 
Medicago sativa, Morus alba, Quercus calliprinos, Olea 
europaea, Phaseolus vulgaris, Pinus sp., Pistacia vera, 
Punica granatum, Prunus armeniaca, Prunus persica, 
Pyrus communis, Schinus molle, Solanum melongena, Zea 
mays, and thistle plants. 

Pharoscymnus setulosus (Chevrolat, 1861) (Figs. 2B and 
3B) 

Material examined (1):  Damascus Rural: Southern 
Al-Qutayfeh, (1), 15.8.2001.  

Remarks: Known from Spain, North Africa, the 
Middle East, and Yemen (Raimundo and van Harten, 
2000, Kovář, 2007). This species is recorded for the first 
time in Syria. 

Host species: Pinus sp. 

Subfamily Coccinellinae Latreille, 1807  
Tribe Coccidulini Mulsant, 1846 
Cryptolaemus montrouzieri Mulsant, 1853 (Figs. 2C and 
3C).  

Material examined (6): Dar`a:  Wadi Jeelin (1), 
24.10.2001; (1), 28.3.2002. Zeizon, (1), 24.10.2001; (1), 
25.4.2002. Wadi Shihab, (2), 13.5.2003. 

Remarks: This species have a wide range of 
distribution worldwide (Uygun, 1981). It feeds on scale 
insects. It was introduced to Syria in 1995 for controlling 
some pest on citrus trees such Planococcus citri in the 
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Syrian Coast. Abboud et al. (2020) reported that this 
species predates on Protopulvinaria pyriformis. 

Host species: Inula viscosa and Rubus idaeus. 
 

Lindorus lophanthae (Blaisdéll, 1892) (Figs. 2D and 3D) 
Material examined (80): Damascus Rural: Sasaa, 

(1), 13.8.2001. Dar`a: Wadi Jeelin, 5: (2), 9.5.2002; (2), 
29.5.2002; (1), 3.7.2002. Serghaya, (1), 3.10.2002. 
As`Sweida: Ein alarab, (5), 27.9.2001; (18), 18.10.2001; 
(13), 29.11.2001; (1), 3.4.2002; (2), 17.7.2002; (1), 
1.8.2002; (20), 21.8.2002; (11), 10.9.2002; (2), 
23.10.2002. 

Remarks: This species have a wide range of 
distribution almost worldwide (Raimundo and van Harten 
2000), with records from Turkey, Jordan and Palestine 
(Uygun, 1981; Allawi, 1989; Halperin et al., 1995). This 
species represents a new record to Syria.  

Host species: Citrus sp., Cupressus sp. and Nerium 
oleander. 

 
Tribe Diomini R. D. Gordon, 1999 
Diomus rubidus (Motschulsky, 1837) (Figs. 2E and 3E) 

Material examined (1): Damascus Rural: Attall, (1), 
27.12.2001. 

Remarks: Fürsch (1979) recognized three subspecies 
for this form. Listed by El Hariri (1971) as Scymnus 
rubidus in Syria. Jalilvand et al. (2014) found that this 
species predates on Planococcus vovae in Iran. 

Host species: Rubus idaeus. 

Tribe Hyperaspidini Mulsant, 1846 
Hyperaspis (Hyperaspis) femorata (Motschulsky, 1837) 
(Figs. 2F and 3F) 

Material examined (2): As`Sweida: Taamri 
Mountain, (2), 21.6.2002. 

Remarks: This species is distributed in the Caucasus, 
Armenia, Ukrania (Iablokoff-Khnzorian, 1971) and 
Bulgaria (Canepari et al., 1985). This species is recorded 
for the first time in Syria. Aslan and Uygun (2005) 
reported this species from Turkey to feed on aphids. 

Host species: Achillea sp. 

Hyperaspis (Hyperaspis) histeroides (Faldermann, 1837) 
(Figs. 2G and 3G) 

Material examined (12): Damascus Rural: Rankus, 
(1), 11.9.2002. As`Sweida: Qanawat, (1), 19.6.2002. 
Ghoujygoujyat Mountain, (1), 1.8.2002; (1), 29.4.2003, 
Orman Mountain, (2), 4.7.2002; (1), 4.8.2003. Taamri 
Mountain, (2), 28.6.2003; (1), 4.7.2003. Al-Quneitra: 
Beer Ajam, (1), 27.6.2002. Masehara, (1), 13.8.2001. 

Remarks: This species is distributed in the Caucasus, 
Kazakhstan and Armenia (Iablokoff-Khnzorian, 1971). 
Reported previously from As-Sweida preying on the 
almond curl leaf aphid, Brachycaudus amygdalinus 
(Almatni and Khalil, 2008).  

Host species: Achillea sp., Amygdalus sp., Cucurbita 
pepo, Ficus carica, and Quercus calliprinos. 

Hyperaspis (Hyperaspis) syriaca Weise, 1885 (Figs. 2H 
and 3H) 

Material examined (16): Dar`a: Wadi Jeelin, (4), 
9.5.2002; (1), 29.5.2002; (2), 3.7.2002; (9), 22.8.2002. 

Remarks: This species is known from Palestine, Syria 
and Lebanon (Iablokoff-Khnzorian, 1971). 

Host species: Vitex agnus-castus. 

Tribe Scymnini Mulsant, 1846 
Clitostethus arcuatus (Rossi, 1794) (Figs. 2I and 3I). 

Material examined (40): Damascus Rural: Attall, 
(1), 25.10.2001; (20), 20.11.2002. Ma`adamiyeh Al-sham, 
(4), 6.3.2002; (1), 4.10.2002; (3), 1.11.2002; (1), 
4.12.2002; (1), 5.2.2003; (4), 6.3.2003; (2), 9.4.2003; (1), 
23.6.2003; (1), 11.7.2003. Damascus: Damascus, (1), 
20.10.2002.  

Remarks: This species is known from Europe, the 
Caucasus and Turkey (Uygun 1981). Reported from the 
Coastal regions of Syria on whiteflies (Al Jundi and 
Ahmad, 1999) and Palestine (Halperin et al., 1995).  

Host species: Citrus sp., Morus alba, Phaseolus 
vulgaris and Punica granatum. 

Nephus (Bipunctatus) bipunctatus (Kugelann, 1794) 
(Figs. 2J and 3J) 

Material examined (97): Damascus Rural: Attall, 
(2), 26.9.2001; (2), 25.10.2001; (3), 5.9.2002. Wadi Al-
Qaren, (1), 5.9.2002; (1), 10.7.2002. Yabrud, (1), 
11.9.2002. Sasaa, (6), 3.10.2001; (2), 12.9.2002; (3), 
26.8.2003. Kulaiaa, (1), 7.8.2002, Hadar, (1), 12.9.2002; 
(1), 26.8.2003. Beet-jen Mazraa Mazraa, (1), 3.10.2001; 
(1), 26.8.2003. Erneh, (1), 11.7.2002. Beqaasem, (1), 
29.8.2002, Rankus Mountain, (4), 11.9.2002, Sarkha, (2), 
26.9.2001; (3), 11.9.2002. Al-Qutayfeh, (4), 8.8.2002. 
Qatana, (1), 14.8.2003. Kharabo, (2), 2.4.2003; (2), 
6.8.2003. Serghaya, (1), 5.9.2002. Ma`adamiyeh Al-sham, 
(2), 30.8.2002; (3), 9.9.2002; (2), 4.10.2002; (2), 
11.7.2003; (2), 13.8.2003. As`Sweida: Al-Kafr, (1), 
18.10.2001; (1), 23.10.2002. Ein alarab, (1), 17.7.2002. 
Orman, (1), 27.9.2001. Orman Mountain, (1), 9.4.2003. 
Taamri Mountain, (1), 8.8.2003. Qanawat, (1), 11.9.2001; 
(1), 20.9.2001; (2), 13.3.2002; (1), 21.8.2002. Shahba, (1), 
13.3.2002. Salkhad, (1), 22.11.2001. Taima, (2), 
11.9.2001. Alqrayya, (2), 10.9.2001, Dar`a: Wadi Jeelin, 
(1), 7.2.2002; (1), 22.8.2002. Zeizon, (1), 22.8.2002; (1), 
13.11.2002. Sheikh Miskin, (2), 22.7.2003. Sahm al-
joulan, (10), 4.9.2001. Al-Quneitra: Beer Ajam, (2), 
12.9.2002; (2), 2.10.2002; (1), 19.3.2003. Trounja, (1), 
29.8.2002.  

Remarks: This is a Palaearctic species with a wide 
range of distribution in Central Asia, North Africa 
reaching Japan (Gourreau, 1974; Kuznetsov, 1997). 
Reported previously from As-Sweida preying on the 
almond curl leaf aphid, Brachycaudus amygdalinus 
(Almatni and Khalil, 2008). 

Host species: Amygdalus sp., Prunus armeniaca, 
Cedrus libani, Citrus sp., Ficus carica, Hibiscus 
esculentus, Malus communis, Morus alba, Phaseolus 
vulgaris, Pinus sp., Populus sp., Prunus sp., Prunus avium, 
Prunus vulgaris, Punica granatum, Pyrus communis, 
Quercus calliprinos, Urtica sp., Vitex agnus-castus, Vitis 
vinifera, and thistle plants. 

Nephus (Bipunctatus) includens (Kirsch, 1870) (Figs. 
2K and 3K) 
Material examined (2): Dar`a: Wadi Jeelin, (1), 
7.2.2002. Sahm al-joulan, (1), 4.9.2001. 

Remarks: This species is distributed in some the 
Mediterranean area and Saudi Arabia (Uygun, 1981). 
Listed in Syria by El Hariri (1968) and recorded from the 
Coastal area on Planococcus citri (Aslan, 2001). It has 
been recorded as a predator of the mealybug Nipaecoccus 
viridis on different hosts in Iran (Fallahzadeh et al., 2013). 
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Other species of this genus in Iran were found to prey on 
Planococcus vovae (Jalilvand et al., 2014).    

Nephus (Nephus) ludyi (Weise, 1879) (Figs. 2L and 3L) 
Material examined (115): Damascus Rural: Erneh, 

(1), 29.8.2002. Beqaasem, (1), 29.8.2002. Wadi  Al-Qaren, 
(9), 17.11.2001; (3), 19.9.2001; (2), 5.9.2002; (3), 
14.3.2002. Al-Quneitra: Jubata Al-Khashab, (3), 
8.11.2001; (1), 20.12.2001; (3), 20.3.2002; (4), 28.2.2002; 
(2), 10.4.2002; (2), 25.4.2002. Beer Ajam, (6), 20.3.2002.  
As`Sweida: Al-Kafr, (11), 20.9.2001; (10), 18.10.2001; 
(31), 29.11.2001; (1), 21.3.2002; (3), 24.4.2002; (1), 
17.7.2002; (1), 1.8.2002; (1), 29.11.2002; (1), 12.12.2002. 
Ein alarab, (1), 17.7.2002; (1), 1.8.2002; (1), 21.8.2002. 
Ghoujygoujyat Mountain, (1), 22.10.2002; (2), 4.8.2003. 
Orman Mountain, (3), 4.8.2003. Taamri Mountain, (1), 
5.8.2003. Qanawat, (2), 20.9.2001; (1), 13.3.2002; (1), 
3.4.2002; (1), 11.4.2002. 

Remarks: This species is known from southern France 
and the Mediterranean region (Gourreau, 1974). Recorded 
from Jordan (Allawi, 1989). This species is recorded for 
the first time in Syria.  

Host species: Amygdalus sp., Prunus armeniaca, 
Juglans regia, Malus communis, Prunus avium, Prunus 
vulgaris, Pyrus communis and Quercus calliprinos. 

Nephus (Nephus) merkli Fürsch, 1994 (Figs. 2M and 
3M) 

Material examined (115): Damascus Rural: 
Seydnaya, (3), 21.5.2003. Qatana, (2), 14.8.2003. Attall, 
(7), 26.9.2001; (4), 25.10.2001; (1), 21.11.2001; (1), 
10.7.2002. Kharabo, (46), 22.8.2001; (4), 26.9.2001; (10), 
25.10.2001; (3), 21.11.2001; (2), 27.3.2002; (2), 
11.7.2002; (1), 24.7.2002; (9), 8.8.2002; (2), 11.9.2002; 
(2), 25.9.2002; (4), 9.10.2002. Ma`adamiyeh Al-sham, (1), 
4.10.2002; (1), 1.11.2002; (1), 23.6.2003; (1), 6.7.2003; 
(2), 23.7.2003; (1), 9.8.2003; (1), 13.8.2003. Dar`a: Wadi 
Jeelin, (1), 3.7.2002; (1), 18.7.2002. Zeizon, (1), 
23.4.2003. Al-Quneitra: Masehara, (1), 13.8.2001. 

Remarks: Described originally from Palestine (Fürsch, 
1994), and very similar to Nephus quadrimaculatus pictus. 
This species is recorded for the first time in Syria.  

Host species: Citrus sp., Cupressus sp., Ficus carica, 
Juglans regia, Ligustrum sp., Morus alba, Nerium 
oleander, Olea europaea, Prunus avium, Punica 
granatum, Solanum melongena, Urtica sp. and Zea mays. 

Nephus (Nephus) quadrimaculatus Herbst, 1783 (Figs. 
2N and 3N) 

Material examined (265): Damascus Rural: Beet-jen 
Mazraa, (3), 10.4.2002. Durbol, (1), 29.8.2002. Beqaasem, 
(3), 21.9.2001; (4), 209.8.2002. Wadi Al-Qaren, 12: (2), 
17.11.2001; (8), 19.8.2001; (2), 19.9.2001. Sasaa, (1), 
13.8.2001; (2), 2.5.2002; (1), 12.9.2002. Kulaiaa, (5), 
7.8.2002. Addimass, (1), 30.4.2003. Qatana, (1), 
14.8.2003. Attall, (13), 3.9.2001; (12), 26.9.2001; (10), 

25.10.2001; (2), 21.11.2001; (1), 27.12.2001; (1), 
14.3.2002; (1), 26.6.2002; (11), 10.7.2002; (25), 5.9.2002; 
(1), 24.8.2003. Kharabo, (1), 25.10.2001; (1), 21.11.2001; 
(1), 27.3.2002; (1), 25.9.2002; (11), 2.7.2003. 
Ma`adamiyeh Al-sham, (1), 6.12.2001; (1), 6.3.2002; (1), 
30.8.2002; (1), 4.10.2002; (1), 1.11.2002; (1), 11.7.2003; 
(3), 23.7.2003; (5), 27.7.2003; (1), 9.8.2003. Al-Quneitra: 
Masehara, (1), 13.8.2001. Jubata Al-Khashab, (1), 
20.3.2002; (4), 28.2.2002; (5), 16.4.2003; (1), 26.8.2003. 
Hadar, (5), 10.9.2001. Ophania, (1), 10.9.2001. Beer 
Ajam, (8), 20.3.2002; (5), 12.9.2002; (3), 2.10.2002; (2), 
19.3.2003. As`Sweida: Al-Kafr, (2), 18.10.2001; (1), 
9.5.2002; (1), 17.7.2002. Ein alarab, (1), 6.6.2002; (1), 
23.10.2002. Orman Mountain, (12), 27.9.2001; (1), 
21.8.2002. Orman (1), 4.7.2002. Taamri Mountain, (1), 
5.8.2003. Qanawat, (1), 12.8.2001; (3), 20.9.2001; (1), 
13.3.2002. Shahba, (4), 23.3.2002. Salkhad, (7), 
22.11.2001. Baka, (1), 20.9.2001. Taima, (4), 11.9.2001. 
Alqrayya, (12), 20.9.2001. Dar`a: Wadi Jeelin, (3), 
21.9.2001; (2), 24.10.2001; (4), 22.11.2001; (2), 7.2.2002; 
(1), 29.5.2002; (5), 3.7.2002; (2), 18.7.2002; (9), 
22.8.2002. Zeizon, (1), 20.12.2001; (1), 25.4.2002; (3), 
2.10.2002.  

Remarks: This is a Palaearctic species (Gourreau, 
1974). Listed by El Hariri (1971) as Scymnus 
quadrimaculatus pictus in Syria. Reported from Palestine, 
the Golan Heights, Mount Hermon and Lebanon (Canepari 
and Tedeschi, 1977; Halperin et al., 1995). It feeds on 
scale insects (Klausnitzer and Klausnitzer, 1986). 

Host species: Amygdalus sp., Citrus sp., Cupressus sp., 
Ficus carica, Juglans regia, Morus alba, Nerium oleander, 
Olea europaea, Prunus vulgaris, Pinus sp., Pistacia vera, 
Phaseolus vulgaris, Populus sp., Prunus armeniaca, 
Prunus avium, Punica granatum, Pyrus communis, 
Quercus calliprinos, Rubus idaeus, Schinus molle, and 
thistle plants.  

Nephus (Sidis) caucasicus Weise, 1929 (Figs. 2O and 
3O)  

Material examined (1): Damascus Rural: Attall, (1), 
27.12.2001. 

Remarks: This species is recorded for the first time in 
Syria. Previously recorded from Turkey and the Cuacases 
(Fürsch, 1965).  

Host species: Urtica sp. 

Nephus (Sidis) hiekei Fürsch, 1965 (Figs. 2P and 3P) 
Material examined (2): Damascus Rural: Jeesrin, 

(1), 29.12.2002. Dar`a: Zeizon, (1), 20.12.2001. 
Remarks: This species is recorded for the first time in 

Syria. This species is widely distributed throughout 
southern Europe and the Middle East (Raimundo and van 
Harten, 2000), with records from Lebanon and Palestine 
on Pseudococcus citri (Fürsch, 1967b). 

Host species: Urtica sp. 
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Figure 2: A. Pharoscymnus ovoideus. B. Pharoscymnus setulosus. C. Cryptolaemus montrouzieri. D. Lindorus lophantae. E. Diomus 
rubidus. F. Hyperaspis (Hyperaspis) femorata. G. Hyperaspis (Hyperaspis) histeroides. H. Hyperaspis (Hyperaspis) syriaca. I. Clitostethus 
arcuatus. J. Nephus (Bipunctatus) bipunctatus. K. Nephus (Bipunctatus) includens. L. Nephus (Nephus) ludyi. M. Nephus (Nephus) merkli. 
N. Nephus (Nephus) quadrimaculatus. O. Nephus (Sidis) caucasicus. P. Nephus (Sidis) hiekei. Scale bar=1 mm. 
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Figure 3: A. Pharoscymnus ovoideus. B. Pharoscymnus setulosus. C. Cryptolaemus montrouzieri. D. Lindorus lophantae. E. Diomus 
rubidus. F. Hyperaspis (Hyperaspis) femorata. G. Hyperaspis (Hyperaspis) histeroides. H. Hyperaspis (Hyperaspis) syriaca. I. Clitostethus 
arcuatus. J. Nephus (Bipunctatus) bipunctatus. K. Nephus (Bipunctatus) includens. L. Nephus (Nephus) ludyi. M. Nephus (Nephus) merkli. 
N. Nephus (Nephus) quadrimaculatus. O. Nephus (Sidis) caucasicus. P. Nephus (Sidis) hiekei. Q. Nephus (Sidis) kreissli. R. Scymnus 
(Mimopullus) pharaonis. S. Scymnus (Mimopullus) flagellisiphonatus. T. Scymnus (Mimopullus) flavicollis. U. Scymnus (Mimopullus) 
marinus. Key to darwings: A= Tegmen, B= Penis, C= Penis apex, D= Spermatheca. 
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Nephus (Sidis) kreissli Fürsch and Uygun, 1980 (Figs. 
4A and 3Q) 

Material examined (27): Damascus Rural: Attall, (2), 
26.9.2001; (1), 25.10.2001; (1), 21.11.2001; (4), 
14.3.2002; (9), 8.5.2002; (2), 26.6.2002; (1), 5.9.2002. 
Ma`adamiyeh Al-sham, (1), 23.6.2003. Dar`a: Wadi 
Jeelin, (1), 22.11.2001; (1), 18.7.2002; (1), 22.8.2002. 
Zeizon, (1), 22.8.2002; (2), 23.4.2003.  

Remarks: This species is recorded for the first time in 
Syria. This species was known from Turkey (Fürsch and 
Uygun, 1980). 

Host species: Citrus sp., Ficus carica, Inula viscosa, 
Malus communis, Morus alba, Nerium oleander, Punica 
granatum, Populus sp., Rubus idaeus, Urtica sp. and Vitex 
agnus-castus. 

Scymnus (Mimopullus) pharaonis Motschulsky, 1851 
(Figs. 4B and 3R) 

Material examined (317): Damascus Rural: Wadi 
Al-Qaren, (6), 19.9.2001; (1), 5.9.2002; (8), 10.7.2002; 
(1), 15.6.2002; (1), 17.11.2002. Yabrud, (1), 8.8.2002. 
Kharabo, (1), 26.9.2001; (2), 25.10.2001. Ma`adamiyeh 
Al-sham, (3), 6.12.2001; (4), 28.6.2002; (11), 30.8.2002; 
(8), 9.9.2002; (10), 4.10.2002; (2), 1.11.2002; (1), 
23.6.2003; (10), 11.7.2003; (2), 23.7.2003; (1), 13.8.2003. 
Sasaa, (1), 3.10.2002; (3), 12.9.2002. Kulaiaa, (17), 
7.8.2002. Dorin, (1), 10.7.2002. Beet-jen Mazraa, (5), 
3.10.2001; (1), 8.11.2001; (1), 7.8.2002. Erneh, (7), 
21.9.2001. Beqaasem, (2), 21.9.2001; (1), 11.7.2002; (3), 
29.8.2002. Mugr Almeer, (1), 26.8.2003. Kafr- Hawar, (1), 
7.8.2002. Deir Al-ashairr, (1), 17.9.2002. Addimass, (1), 
17.9.2002. Al-Qutayfeh, (3), 8.8.2002. Qatana, (2), 
14.8.2003. Assaida Zainab, (1), 13.3.2002. Ashiphonieh, 
(1), 25.9.2002. Attall, (1), 26.9.2001; (2), 26.6.2002; (3), 
10.7.2002; (1), 20.11.2002. As`Sweida: Al-Kafr, (3), 
20.9.2001; (2), 29.11.2001. Ein alarab, (1), 7.8.2001; (2), 
17.7.2002; (1), 1.8.2002. Orman, (1), 27.9.2001; (3), 
4.7.2002, (3), 17.7.2002; (1), 6.6.2003. Ghoujygoujyat 
Mountain, (1), 4.7.2002; (4), 1.8.2002; (2), 21.8.2002; (1), 
10.9.2002; (4), 23.10.2002; (3), 4.8.2003. Taamri 
Mountain, (1), 17.7.2002; (2), 4.7.2003; (1), 14.7.2003; 
(4), 25.7.2003; (7), 5.8.2003; (4), 8.8.2003. Orman 
Mountain, (4), 4.8.2003. Qanawat, (2), 11.9.2001; (12), 
20.9.2001; (1), 19.6.2002; (3), 1.8.2002; (3), 21.8.2002. 
Shahba, (1), 19.6.2002. Alqrayya, (14), 20.9.2001. Dar`a: 
Jeelin, (9), 3.7.2002, Wadi Jeelin, (4), 18.7.2002; (1), 
22.8.2002. Zeizon, (1), 29.5.2002; (1), 22.8.2002; (2), 
2.10.2002; (2), 13.11.2002; (1), 19.3.2003. Mzireeb, (1), 
9.5.2002. Nahaj, (9), 4.10.2001; (5), 24.10.2001. Tafas, 
(1), 4.9.2001. Sahm al-joulan, (12), 4.9.2001. Namer, (3), 
20.6.2002. Al-Quneitra: Beer Ajam, (2), 20.3.2002; (1), 
27.6.2002; (9), 12.9.2002; (10), 2.10.2002. Jubata Al-
Khashab, (1), 10.9.2001; (1), 20.3.2002; (1), 10.4.2002. 
Hadar, (2), 31.7.2002; (9), 12.9.2002; (1), 26.8.2003. 

Remarks: Its distribution range extends from Central 
Asia to North Africa to Europe (Gourreau, 1974; Uygun, 
1981). Scymnus (Mimopullus) araraticus Iablokoff-
Khnzorian, 1969 is now considered a synonym for S. 
pharaonis (Kovář 2007). It was recorded by Almatni and 
Khalil (2008). 

Host species: Aloysia citrodora, Amygdalus sp., 
Prunus armeniaca, Cedrus libani, Citrus sp., Cupressus 
sp., Faba vulgaris, Ficus carica, Hibiscus esculentus, 

Juglans regia, Lonicera japonica, Malus communis, 
Medicago sativa, Morus alba, Olea europaea, Pinus sp., 
Phaseolus vulgaris, Pistacia vera, Platanus orientalis, 
Populus sp., Prunus avium, Prunus mahaleb, Prunus 
persica, Punica granatum, Pyrus communis, Quercus 
calliprinos, Triticum sp. and thistle plants. 

Scymnus (Mimopullus) flagellisiphonatus Fürsch, 1969 
(Figs. 4C and 3S) 

Material examined (26): Al-Quneitra: Beer Ajam, 
(2), 20.3.2002. Jubata Al-Khashab, (1), 25.4.2002; (1), 
16.5.2002. Trounja, (1), 10.4.2002. Masehara, (1), 
2.5.2002. Damascus Rural: Attall, (1), 26.9.2001. Beet-
jen Mazraa, (1), 10.4.2002. Kharabo, (1), 23.5.2002. 
Serghaya, (1), 30.5.2002, Ma`adamiyeh Al-sham, (1), 
12.4.2002; (1), 13.8.2003. As`Sweida: Al-Kafr, (1), 
9.5.2002, Orman, (1), 4.7.2002. Ghoujygoujyat Mountain, 
(1), 4.7.2002. Qanawat, (5), 11.4.2002. Dar`a: Jeelin, (1), 
10.8.2001; (1), 3.7.2002. Wadi Jeelin, (1), 28.3.2002. 
Zeizon, (1), 10.4.2002, Sabsaba, (2), 10.4.2002.  

Remarks: Known from the Mediterranean Region 
(Uygun, 1981) and recorded from Wadi Al Qaren in Syria 
by Kabakibi (1993). It feeds on aphids (Canepari, 1991). 

Host species: Amygdalus sp., Juglans regia, Medicago 
sativa, Pinus sp., Pistacia vera, Prunus avium, Punica 
granatum and Quercus calliprinos. 

Scymnus (Mimopullus) flavicollis Redtenbacher, 1844 
(Figs. 4D and 3T) 

Material examined (416): Damascus Rural: 
Kharabo, (3), 22.8.2001; (1), 26.9.2001; (1), 25.10.2001; 
(1), 15.5.2002; (23), 23.5.2002; (6), 5.6.2002; (8), 
11.7.2002; (2), 24.7.2002; (5), 11.9.2002; (3), 25.9.2002; 
(6), 9.10.2002; (13), 25.5.2003; (10), 2.7.2003; (2), 
6.8.2003. Serghaya, (6), 7.11.2001; (4), 10.7.2002; (14), 
24.7.2002; (18), 14.8.2002; (20), 5.9.2002; (21), 
17.9.2002; (12), 3.10.2002; (3), 7.11.2002; (1), 10.4.2003; 
(1), 22.5.2003; (7), 26.6.2003; (12), 29.7.2003. 
Ma`adamiyeh Al-sham, (1), 23.5.2002; (10), 28.6.2002; 
(7), 30.8.2002; (2), 9.9.2002; (4), 4.10.2002; (2), 
1.11.2002; (3), 19.5.2003; (13), 23.6.2003; (19), 
11.7.2003; (8), 23.7.2003; (1), 9.8.2003; (3), 13.8.2003. 
Yabrud, (2), 25.10.2001. Sasaa, (1), 31.7.2002; (1), 
12.9.2002. Dorin, (2), 10.7.2002. Beet-jen Mazraa, (2), 
7.8.2002; (6), 29.8.2002. Zarzar, (3), 19.9.2001. Al 
Hameh, (9), 14.6.2003. Azzabadani, (2), 27.6.2002. 
Sarkha, (1), 26.6.2002. Qatana, (3), 5.7.2002. Airport 
Street, (1), 28.8.2001. Haran Al-awameed, (3), 24.7.2002. 
Assaida Zainab, (6), 11.9.2001; (2), 18.10.2001. 
Ashiphonieh, (2), 25.9.2002. Attall, (5), 26.9.2001; (1), 
25.10.2001; (8), 26.6.2002; (26), 10.7.2002; (1), 5.9.2002. 
As`Sweida: Ein alarab, (3), 28.6.2002; (3), 1.8.2002; (1), 
23.10.2002; (5), 4.8.2003. Orman, (1), 27.9.2001; (18), 
4.7.2002; (1), 11.7.2002; (5), 17.7.2002; (2), 12.6.2003. 
Orman Mountain, (1), 4.7.2002. Dar`a: Wadi Jeelin, (1), 
22.11.2001; (1), 22.8.2002. Jeelin, (2), 3.7.2002. Namer, 
(3), 20.6.2002. Al-Quneitra: Beer Ajam, (3), 12.9.2002; 
(1), 2.10.2002. Hadar, (1), 10.9.2002. Trounja, (1), 
28.2.2002. 

Remarks: Recorded from Iran, Palestine and the Golan 
Heights (Ahmadi and Yazdani 1993; Halperin et al., 
1995). Listed for Syria by El Hariri (1968 and 1971).  

Host species: Althaea officinalis, Amygdalus sp., 
Prunus armeniaca, Capsicum annum, Cedrus libani, 
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Citrus sp., Cucumis melo, Cucurbita pepo, Cydonia 
vulgaris, Dacus carota, Elaeagnus angustifolia, Euphorpia 
sp., Ficus carica, Foeniculum vulgare, Glycyrrhiza 
glabra,, Hypericum trinquertifolium, Inula viscosa, 
Juglans regia, Malus communis, Medicago sativa, Morus 
alba, Nerium oleander, Oncium sp., Phaseolus vulgaris, 
Populus sp., Prunus avium, Prunus mahaleb, Punica 
granatum, Pyrus communis, Quercus calliprinos, Rosa sp., 
Rubus idaeus, Solanum melongena, Schinus molle, 
Triticum sp., Urtica sp., Zea mays, and thistle plants. 

Scymnus (Mimopullus) marinus Mulsant, 1850 (Figs. 4E 
and 3U) 

Material examined (109): Damascus Rural: 
Ma`adamiyeh Al-sham, (2), 6.12.2001; (3), 28.6.2002; (5), 
30.8.2002; (4), 9.9.2002; (8), 4.10.2002; (13), 1.11.2002; 
(5), 4.12.2002; (1), 5.2.2003; (6), 11.7.2003; (2), 
23.7.2003; (2), 13.8.2003. Assaida Zainab, (1), 13.3.2002. 
As`Sweida: Taamri Mountain, (4), 6.6.2003; (6), 
20.6.2003; (5), 4.7.2003; (1), 14.7.2003; (4), 25.7.2003; 
(9), 5.8.2003; (6), 8.8.2003. Orman, (3), 6.6.2003. 
Ghoujygoujyat Mountain, (2), 12.6.2003. Shahba, (1), 
19.6.2002; (3), 11.12.2002. Barad, (1), 18.10.2001. Baka, 
(1), 20.9.2001. Taima, (7), 11.9.2001. Tal-loz, (3), 
12.8.2001. Dar`a: Wadi Jeelin, (1), 22.11.2001. 

Remarks: This species is recorded for the first time in 
Syria. It is distributed in Europe and North Africa 
(Gourreau, 1974) and was recorded from Palestine 
(Halperin et al., 1995). Scymnus mediterraneus Iablokoff-
Khnzorian, 1972 is considered as a synonym (Kovář, 
2007). 

Host species: Aloysia citrodora, Amygdalus sp., Biota 
orientalis, Citrus sp., Cupressus sp., Faba vulgaris, 
Juglans regia, Olea europaea, Pinus sp., Pistacia vera, 
Phaseolus vulgaris, Prunus armeniaca, P. avium and 
Punica granatum. 

Scymnus (Parapullus) abietis (Paykull, 1798) (Figs. 4F 
and 5A) 

Material examined (2): Damascus Rural: Wadi Al-
Qaren, (1), 19.8.2001. As`Sweida: Orman, (1), 17.7.2002. 

Remarks: This species is recorded for the first time in 
Syria. Distribution of this species extends from Europe, 
North Africa to Mongolia and the Russian Far East 
(Gourreau, 1974, Kuznetsov, 1997; Kovář, 2007). 

Host species: Pinus sp. and Quercus calliprinos.  

Scymnus (Pullus) apetzi Mulsant, 1846 (Figs. 4G and 
5B) 

Material examined (403): Damascus Rural: 
Kharabo, (1), 22.8.2001; (1), 26.9.2001; (1), 25.10.2001; 
(11), 23.5.2002; (1), 5.6.2002; (2), 11.7.2002; (5), 
24.7.2002; (1), 11.9.2002; (7), 25.9.2002; (4), 9.10.2002; 
(9), 25.5.2003; (8), 2.7.2003; (3), 6.8.2003. Serghaya, (2), 
7.11.2001; (2), 30.5.2002; (1), 27.6.2002; (4), 10.7.2002; 
(6), 24.7.2002; (22), 14.8.2002; (17), 15.9.2002; (32), 
17.9.2002; (18), 3.10.2002; (1), 7.11.2002; (1), 10.4.2003; 
(1), 22.5.2003; (6), 26.6.2003; (13), 29.7.2003. 
Ma`adamiyeh Al-sham, (12), 28.6.2002; (3), 30.8.2002; 
(1), 9.9.2002; (1), 4.10.2002; (1), 19.5.2003; (7), 
23.6.2003; (11), 11.7.2003; (3), 23.7.2003; (1), 9.8.2003. 
Wadi Al-Qaren, (2), 10.7.2002. Sasaa, (1), 2.5.2002; (1), 
12.6.2002; (2), 31.7.2002. Kulaiaa, (1), 7.8.2002. Dorin, 
(1), 24.8.2003. Beet-jen Mazraa, (2), 7.8.2002; (6), 
29.8.2002. Erneh, (2), 11.7.2002. Beqaasem, (1), 

21.9.2001; (1), 11.7.2002. Mugr Almeer, (1), 26.8.2003. 
Zarzar, (2), 19.9.2001. Deir Al-ashairr, (1), 17.10.2001. 
Al-Hameh, (7), 16.4.2003. Azzabadani, (5), 27.6.2002; (1), 
14.6.2003. Al-Qutayfeh, (3), 8.8.2002. Qatana, (2), 
14.8.2003. Ashiphonieh, (1), 25.9.2002. Attall, (3), 
26.9.2001; (2), 25.10.2001; (3), 8.5.2002; (3), 26.6.2002; 
(20), 10.7.2002; (2), 5.9.2002; (7), 14.8.2003. As`Sweida: 
Ein alarab, (1), 27.9.2001; (7), 28.6.2002; (2), 4.7.2002; 
(15), 1.8.2002; (4), 23.10.2002; (3), 22.7.2003; (8), 
4.8.2003. Orman Mountain, (1), 1.8.2001; (7), 1.8.2002. 
Orman, (1), 27.9.2001; (1), 24.6.2002; (21), 4.7.2002; (1), 
17.7.2002; (1), 10.7.2002; (1), 12.6.2003. Taamri 
Mountain, (1), 1.8.2002, Ghoujygoujyat Mountain, (5), 
23.10.2002. Qanawat, (1), 18.10.2001; (1), 13.3.2002; (1), 
1.8.2002. Alqrayya, (1), 20.9.2001. Dar`a: Jeelin, (2), 
3.7.2002. Wadi Jeelin, (2), 3.7.2002. Zeizon, (1), 
29.5.2002; (1), 22.8.2002. Sheikh Miskin, (2), 30.8.2001; 
(1), 27.5.2003. Nahaj, (3), 4.10.2001. Namer, (1), 
26.6.2002. Al-Quneitra: Beer Ajam, (2), 12.9.2002. 
Jubata Al-Khashab, (1), 26.8.2003. 

Remarks: This species has a wide range of distribution 
in Central Europe, the Mediterranean Region, including 
North Africa and Middle Asia (Gourreau, 1974). It 
recorded by Almatni and Khalil (2008).   

Host species: Althaea officinalis, Amygdalus sp., 
Prunus armeniaca, Capsicum annum, Cedrus libani, 
Citrus sp., Cucumis melo, Cucurbita pepo, Cydonia 
vulgaris, Dacus carota, Elaeagnus angustifolia, Euphorpia 
sp., Ficus carica, Foeniculum vulgare, Glycyrrhiza 
glabra,, Hypericum trinquertifolium, Inula viscosa, 
Juglans regia, Malus communis, Medicago sativa, Morus 
alba, Nerium oleander, Oncium sp., Phaseolus vulgaris, 
Populus sp., Prunus avium, Prunus mahaleb, Punica 
granatum, Pyrus communis, Quercus calliprinos, Rosa sp., 
Rubus idaeus, Solanum melongena, Schinus molle, 
Triticum sp., Urtica sp., Zea mays, and thistle plants. 

Scymnus (Pullus) auritus Thunberg, 1795 (Figs. 4H and 
5C) 

Material examined (5): Al-Quneitra: Jubata Al-
Khashab, (1), 16.5.2002. Damascus Rural: Wadi Al-
Qaren, (2), 5.9.2002. Sasaa, (1), 12.9.2002. Erneh, (1), 
11.7.2002. 

Remarks: This species is recorded for the first time in 
Syria. It is distributed in the largest part of temperate 
Eurasia (Gourreau, 1974; Kovář, 2007). Uygun (1981) 
reported this species from Turkey It feeds on aphids. 

Host species: Amygdalus sp., Malus communis and 
Quercus calliprinos. 

Scymnus (Pullus) fraxini Mulsant, 1850 (Figs. 4I and 
5D) 

Material examined (62): Al-Quneitra: Beer Ajam, 
(25), 12.9.2002; (17), 2.10.2002. Jubata Al-Khashab, (4), 
10.9.2001; (1), 8.11.2001; (8), 25.4.2002; (5), 16.5.2002; 
(1), 31.7.2002; (1), 29.8.2002. 

Remarks: This species is recorded for the first time in 
Syria. Reported in the Balkans and other parts of Europe 
(Gourreau, 1974).  

Host species: Quercus calliprinos. 

Scymnus (Pullus) subvillosus (Goeze, 1777) (Figs. 4J 
and 5E) 

Material examined (316): Damascus Rural: Wadi 
Al-Qaren, (1), 19.9.2002; (2), 5.9.2002. Nasseria, (1), 
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5.6.2002. Beet-jen Mazraa, (1), 10.4.2002; (1), 7.8.2002. 
Erneh, (2), 11.7.2002. Beqaasem, (1), 21.9.2001. Deir Al-
ashairr, (4), 17.10.2001; (1), 28.11.2002. Addimass, (1), 
30.4.2003. Rankus Mountain (1), 21.5.2003. Attall, (1), 
10.7.2002. Kharabo, (4), 22.8.2001; (2), 25.10.2001; (1), 
21.11.2001; (2), 23.5.2002; (1), 11.7.2002; (3), 8.8.2002; 
(1), 9.10.2002; (1), 27.11.2002; (3), 13.5.2003; (3), 
25.5.2003; (2), 2.7.2003. Serghaya, (1), 5.9.2002. 
Ma`adamiyeh Al-sham, (4), 23.5.2002; (1), 4.12.2002; (1), 
9.4.2003. Al-Quneitra: Beer Ajam, (6), 20.3.2002; (1), 
27.6.2002; (1), 12.9.2002; (2), 19.3.2003. Jubata Al-
Khashab, (1), 20.3.2002; (1), 10.4.2002; (2), 25.4.2002; 
(2), 16.5.2002; (1), 16.4.2003. Trounja, (1), 10.4.2002. 
As`Sweida: Al-Kafr, (11), 18.10.2001; (20), 29.11.2001; 
(11), 24.4.2002; (6), 9.5.2002; (3), 6.6.2002; (1), 
17.7.2002; (4), 23.10.2002; (3), 11.5.2003; (1), 12.6.2003. 
Ein alarab, (4), 9.5.2002; (2), 28.6.2002; (1), 4.7.2002; (4), 
17.7.2002; (4), 1.8.2002; (1), 10.9.2002; (2), 12.6.2002. 
Orman Mountain, (3), 11.4.2002; (1), 9.4.2003. Orman, 
(4), 21.6.2002; (3), 24.6.2002; (12), 4.7.2002; (6), 
17.7.2002; (8), 6.6.2003; (3), 4.8.2003. Taamri Mountain, 
(1), 21.6.2002; (1), 17.7.2002; (1), 1.8.2002; (2), 
21.8.2002; (3), 6.6.2003; (1), 20.6.2003; (1), 28.6.2003; 
(6), 4.7.2003; (12), 14.7.2003; (6), 25.7.2003; (1), 
5.8.2003; (2), 8.8.2003. Ghoujygoujyat Mountain, (2), 
4.7.2002; (9), 23.10.2002; (4), 4.8.2003. Qanawat, (7), 

11.9.2001; (3), 20.9.2001; (4), 18.10.2001; (10), 
13.3.2002; (4), 3.4.2002; (14), 11.4.2002; (2), 9.5.2002; 
(1), 6.6.2002; (2), 19.6.2002; (1), 1.8.2002. Shahba, (5), 
13.3.2002; (1), 11.4.2002; (1), 11.12.2002. Salkhad, (1), 
22.11.2001. Dar`a: Jeelin, (1), 18.7.2002. Zeizon, (1), 
21.3.2002; (1), 29.5.2002. Sheikh Miskin, (2), 20.6.2002; 
(4), 27.5.2003; (10), 22.7.2003. Nahaj, (1), 4.10.2001; (2), 
24.10.2001. Fakiia, (1), 28.3.2002. Sahm al-joulan (2), 
4.9.2001.  

Remarks: Recorded from the Mediterranean Region, 
Central Europe to North Africa and eastwards to western 
Asia (Uygun, 1981; Fürsch, 1989; Raimundo and van 
Harten, 2000). Recorded from Mount Hermon and the 
Golan Heights (Halperin et al., 1995) and from Wadi Al 
Qaren (Kabakibi, 1993). 

Host species: Amygdalus sp., Cedrus libani, Citrus sp., 
Cucumis melo, Cupressus sp., Euphorpia sp., Eucalyptus 
camaldulensis, Ficus carica, Galium sp., Hypericum 
trinquertifolium, Juglans regia, Ligustrum sp., Malus 
communis, Medicago sativa, Morus alba, Nerium 
oleander, Pinus sp., Prunus armeniaca, Prunus spinosa, P. 
mahaleb, Prunus persica, Punica granatum, Pyrus 
communis, Quercus calliprinos, Robinia pseudoacacia, 
Rubus idaeus, Spartium junceum, Zea mays, and thistle 
plants.

Figure 4: A. Nephus (Sidis) kreissli. B. Scymnus (Mimopullus) pharaonis. C. Scymnus (Mimopullus) flagellisiphonatus. D. Scymnus 
(Mimopullus) flavicollis. E. Scymnus (Mimopullus) marinus. F. Scymnus (Parapullus) abietis. G. Scymnus (Pullus) apetzi. H. Scymnus 
(Pullus) auritus. I. Scymnus (Pullus) fraxini. J. Scymnus (Pullus) subvillosus. K. Scymnus (Pullus) syriacus. L. Scymnus (Scymnus) 
bivulnerus. M. Scymnus (Scymnus) frontalis. N. Scymnus (Scymnus) interruptus. O. Scymnus (Scymnus) nubilus. P. Chilocorus bipustulatus. 
Scale bar= 1 mm. 
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Figure 5: A. Scymnus (Parapullus) abietis.  B. Scymnus (Pullus) apetzi. C. Scymnus (Pullus) auritus. D. Scymnus (Pullus) fraxini. E. 
Scymnus (Pullus) subvillosus. F. Scymnus (Pullus) syriacus. G. Scymnus (Scymnus) bivulnerus. H. Scymnus (Scymnus) frontalis. I. Scymnus 
(Scymnus) interruptus. J. Scymnus (Scymnus) nubilus. K. Exochomus octosignatus. L. Exochomus quadripustulatus. M. Platynaspis 
luteorubra. N. Novius cardinalis. O. Adalia (Adalia) bipunctata. P. Adalia (Adalia) decempunctata. Q. Coccinella (Coccinella) 
septempunctata. R. Coccinella undecimpunctata. S. Harmonia quadripunctata. T. Hippodamia (Adonia) variegata. U. Oenopia conglobata. 
V. Oenopia oncina. W. Propylea quatuordecimpunctata. X. Psyllobora (Thea) vigintiduopunctata. Key to darwings: A= Tegmen, B= Penis, 
C= Penis apex, D= Spermatheca.  

Scymnus (Pullus) syriacus (Marseul, 1868) (Figs. 4K 
and 5F) 

Material examined (250): Damascus: Damascus, (1), 
13.5.2003. Damascus Rural: Wadi Al-Qaren, (1), 
20.3.2002. Yabrud, (3), 8.8.2002; (1), 11.9.2002. Sasaa, 
(1), 12.9.2002. Beet-jen Mazraa, (1), 3.10.2001; (1), 

8.11.2001; (5), 7.8.2002; (4), 29.8.2002. Erneh, (1), 
21.9.2001. Mugr Almeer, (3), 26.8.2003. Addimass, (2), 
5.9.2002. Al Hameh, (1), 14.6.2003. Azzabadani, (2), 
27.6.2002. Al-Qutayfeh, (9), 15.8.2001; (5), 8.8.2002. 
Qatana, (3), 14.8.2003. Autaiba, (1), 8.8.2002. Attall, (15), 
26.9.2001; (7), 25.10.2001; (7), 26.6.2002; (18), 
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10.7.2002; (2), 5.9.2002; (4), 24.8.2003. Kharabo, (1), 
22.8.2001; (1), 25.10.2001; (1), 23.5.2002; (1), 11.9.2002; 
(1), 25.9.2002. Ma`adamiyeh Al-sham, (2), 6.12.2001; (3), 
6.3.2002; (1), 12.4.2002; (3), 23.5.2002; (4), 9.9.2002; (2), 
4.10.2002; (1), 1.11.2002; (2), 4.12.2002; (1), 5.2.2003; 
(2), 9.4.2003; (7), 23.6.2003; (27), 11.7.2003; (12), 
23.7.2003; (4), 27.7.2003; (10), 13.8.2003. Al-Quneitra: 
Beer Ajam, (1), 2.10.2002. Masehara, (2), 13.8.2001. 
Dar`a: Wadi Jeelin, (1), 24.10.2001; (2), 22.11.2001; (1), 
7.2.2002; (2), 9.5.2002; (2), 22.8.2002. Zeizon, (1), 
8.8.2001; (4), 10.4.2002; (1), 25.4.2002; (1), 9.5.2002; (1), 
29.5.2002; (1), 18.7.2002; (2), 18.12.2002; (3), 19.3.2003; 
(3), 23.4.2003. Sheikh Miskin, (1), 27.5.2003. Sheikh 
Saad, (1), 13.11.2002. Nahaj, (10), 4.10.2001; (3), 
24.10.2001. Sahm al-joulan, (1), 4.9.2001. Namer, (2), 
20.6.2002. As`Sweida: Al-Kafr, (1), 29.11.2001; (2), 
1.8.2002; (1), 29.11.2002. Ein alarab, (1), 29.11.2001; (1), 
9.5.2002; (1), 1.8.2002; (1), 10.9.2002; (1), 23.10.2002. 
Shahba, (4), 23.3.2002; (5), 11.4.2002; (1), 19.6.2002; (1), 
11.12.2002.  

Remarks: This species is distributed in the Middle 
East with reports from Syria, Egypt, Iraq, Turkey and 
Palestine (Uygun, 1981; Halperin et al., 1995). Listed for 
Syria by El Hariri (1971). Recorded from northern Syria 
by Ka'ada (2002). In Iran, it has been recorded as a 
predator of two mealybugs (Planococcus ficus and 
Phenacoccus solenopsis) on different hosts (Fallahzadeh et 
al., 2013). 

Host species: Aloysia citrodora, Cedrus libani, Citrus 
sp., Elaeagnus angustifolia, Ficus carica, Hibiscus 
esculentus, Inula viscosa, Juglans regia, Morus alba, 
Nerium oleander, Olea europaea, Pinus sp., Populus sp., 
Punica granatum, Prunus armeniaca, Prunus avium, 
Prunus mahaleb, Pyrus communis, Quercus calliprinos, 
Rubus idaeus, Solanum melongena, Tamarix orticulatus, 
Vitis vinifera and Zea mays. 

Scymnus (Scymnus) bivulnerus Capra and Fürsch, 1967 
(Figs. 4L and 5G) 

Material examined (52): Damascus Rural: Wadi Al-
Qaren, (1), 5.9.2002; (1), 10.7.2002. Yabrud, (1), 
25.10.2001. Ma`adamiyeh Al-sham, (1), 28.6.2002; (1), 
30.8.2002; (1), 19.5.2003; (4), 23.6.2003; (5), 11.7.2003; 
(4), 23.7.2003. Nasseria, (1), 5.6.2002. Sasaa, (2), 
3.10.2002; (1), 2.5.2002; (6), 26.8.2003. Beet-jen Mazraa, 
(2), 26.8.2003. Erneh, (1), 11.7.2002; (1), 29.8.2002. Deir 
Al-ashairr, (5), 17.10.2001. Azzabadani, (2), 17.10.2001. 
Attawani, (2), 26.6.2002. As`Sweida: Ein alarab, (2), 
17.7.2002. Orman, (1), 22.9.2002; (2), 4.7.2002. Orman 
Mountain, (1), 21.8.2002; (1), 4.8.2003. Ghoujygoujyat 
Mountain, (2), 29.4.2003. Qanawat, (1), 6.6.2002.  

Remarks: Known from Central and Southern Europe 
(Gourreau, 1974). Recorded from Palestine (Halperin et 
al., 1995). Listed by El Hariri (1968) for Syria.  

Host species: Amygdalus sp., Citrus sp., Cucurbita 
pepo, Daucus carota, Eriobotrya japonica, Euphorpia sp., 
Faba vulgaris, Petrocelinum crispum, Populus sp., Punica 
granatum, Rubus idaeus, Zea mays and thistle plants. 

Scymnus (Scymnus) frontalis (Fabricius, 1787) (Fig. 4M 
and 5H) 

Material examined (60): Damascus Rural: Kharabo, 
(4), 22.8.2001; (2), 26.9.2001; (1), 27.11.2001; (2), 
23.5.2002; (1), 5.6.2002; (5), 11.7.2002; (1), 24.7.2002; 

(26), 11.9.2002; (5), 25.9.2002; (1), 9.10.2002; (1), 
25.5.2003; (4), 2.7.2003. Serghaya, (1), 10.7.2002; (1), 
24.7.2002; (2), 14.8.2002; (2), 3.10.2002; (1), 7.11.2002. 

Remarks: This species is known from Central Asia, 
West Europe, the Middle East and North Africa 
(Kuznetsov, 1997). It was listed by El Hariri (1971) in 
Syria.  

Host species: Galium sp., Malus communis, Medicago 
sativa, Morus alba, Triticum sp., Urtica sp., Zea mays, and 
thistle plants. 

Scymnus (Scymnus) interruptus (Goeze, 1777) (Figs. 4N 
and 5I) 

Material examined (111): Damascus Rural: Yabrud, 
(1), 25.10.2001; (2), 26.6.2002. Deir Al-ashairr, (3), 
11.6.2002. Al-Hameh, (2), 14.6.2003. Azzabadani, (3), 
27.6.2002. Sarkha, (1), 26.6.2002; (1), 11.9.2002. Al-
Qutayfeh, (4), 8.8.2002. Qatana, (4), 5.7.2002. Assaida 
Zainab, (3), 18.10.2001. Ashiphonieh, (1), 25.9.2002. 
Attall, (5), 26.9.2001; (1), 25.10.2001; (2), 8.5.2002; (11), 
26.6.2002; (24), 10.7.2002. Kharabo, (5), 23.5.2002; (1), 
11.7.2002; (2), 25.9.2002; (3), 9.10.2002; (3), 2.4.2003; 
(6), 25.5.2003; (10), 2.7.2003; (1), 6.8.2003. Serghaya, (1), 
10.4.2003. Ma`adamiyeh Al-sham, (1), 28.6.2002; (1), 
4.7.2002; (3), 23.6.2003; (5), 11.7.2003; (1), 13.8.2003. 

Remarks: Known from Central Europe, North Africa 
and the Middle East (Canepari, 1991). Recorded from 
northern Syria by Ka'ada (2002).  

Host species: Amygdalus sp., Citrus sp., Cucurbita 
pepo, Elaeagnus angustifolia, Ficus carica, Galium sp., 
Juglans regia, Malus communis, Medicago sativa, Morus 
alba, Phaseolus vulgaris, Populus sp., Punica granatum, 
Rosa sp., Rubus idaeus, Solanum melongena, Triticum sp., 
Urtica sp., Zea mays, and thistle plants. 

Scymnus (Scymnus) nubilus Mulsant, 1850 (Figs. 4O 
and 5J)  

Material examined (279): Damascus Rural: Sasaa, 
(3), 3.10.2002; (1), 7.8.2002; (1), 26.8.2003. Kulaiaa, (2), 
7.8.2002. Dorin, (3), 10.7.2002. Zarzar, (1), 14.6.2003. 
Deir Al-ashairr, (1), 11.6.2002. Qatana, (3), 5.7.2002. 
Autaiba, (5), 24.7.2002. Assaida Zainab, (8), 18.10.2001; 
(1), 3.4.2002. Ashiphonieh, (2), 25.9.2002. Attall, (1), 
26.9.2001; (6), 26.6.2002; (4), 10.7.2002. Kharabo, (1), 
22.8.2001; (2), 25.10.2001; (2), 27.12.2001; (1), 4.5.2002; 
(2), 15.5.2002; (7), 23.5.2002; (2), 5.6.2002; (15), 
11.7.2002; (5), 24.7.2002; (2), 8.8.2002; (3), 11.9.2002; 
(10), 25.9.2002; (20), 9.10.2002; (1), 29.12.2002; (2), 
25.5.2003; (4), 2.7.2003; (1), 6.8.2003. Ma`adamiyeh Al-
sham, (1), 23.5.2002; (2), 28.6.2002; (2), 9.9.2002; (1), 
1.11.2002; (1), 4.12.2002; (2), 19.5.2003; (30), 23.6.2003; 
(25), 11.7.2003; (15), 23.7.2003; (5), 13.8.2003. Al-
Quneitra: Jubata Al-Khashab, (1), 16.5.2002. As`Sweida: 
Ein alarab, (3), 7.8.2001. Ghoujygoujyat Mountain, (1), 
4.7.2002. Qanawat, (1), 21.8.2002. Saura, (3), 11.6.2002. 
Dar`a: Jeelin, (1), 10.8.2001; (1), 18.7.2002. Wadi Jeelin, 
(1), 29.5.2002; (3), 3.7.2002; (14), 22.8.2002. Zeizon, (1), 
9.5.2002; (3), 29.5.2002; (3), 16.6.2003. Izraa, (1), 
27.9.2001. Sheikh Miskin, (4), 20.6.2002; (10), 22.7.2003. 
Sheikh Saad, (2), 12.5.2003. Karak, (1), 22.8.2002. Nahta, 
(6), 22.8.2002. Nahaj, (1), 24.10.2001. Sehaileia, (1), 
20.6.2002. Tafas (2), 25.7.2002. Sahm al-joulan, (3), 
4.9.2001. Wadi Shihab, (2), 13.5.2003. Namer, (4), 
20.6.2002.  
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Remarks: This species have a wide range of 
distribution in the Mediterranean Region (Raimundo and 
van Harten, 2000). Listed by El Hariri (1971) and the 
Golan Heights (Halperin et al., 1995) in Syria. It feeds on 
aphids and scale insects. In Iran, it has been recorded as a 
predator of two mealybugs (Nipaecoccus viridis and 
Maconellicoccus hirsutus) on different hosts (Fallahzadeh 
et al., 2013). 

Host species: Citrus sp., Cucumis sativs, Cucurbita 
pepo, Cupressus sp., Cydonia vulgaris, Euphorpia sp., 
Ficus carica, Foeniculum vulgare, Hibiscus esculentus, 
Juglans regia, Medicago sativa, Morus alba, Nerium 
oleander, Olea europaea, Pinus sp., Populus sp., Prunus 
armeniaca, Prunus vulgaris Punica granatum, Quercus 
calliprinos, Solanum melongena, Triticum sp., Tamarix 
orticulatus, Urtica sp., Vitis vinifera, Vitex agnus-castus, 
Zea mays and thistle plants. 

Tribe Stethorini 

Stethorus (Stethorus) gilvifrons (Mulsant, 1850)  

Material examined (1368): Al-Quneitra: Beer Ajam, 
(5), 12.9.2002; (3), 2.10.2002. Jubata Al-Khashab, (2), 
10.9.2001; (1), 31.7.2002; (1), 29.8.2002. Hadar, (4), 
31.7.2002; (3), 12.9.2002. Masehara, (2), 13.8.2001. 
Damascus Rural: Attall, (1), 26.9.2001; (7), 25.10.2001; 
(4), 21.11.2001; (1), 27.12.2001; (3), 14.3.2002 ; (4), 
4.4.2002; (1), 8.5.2002; (1), 10.7.2002; (6), 5.9.2002; (7), 
20.11.2002; (2), 24.8.2003. Wadi Al-Qaren, (1), 
17.11.2001; (3), 5.9.2002. Yabrud, (7), 8.8.2002; (5), 
11.9.2002. Sasaa, (4), 13.8.2001; (3), 3.10.2001; (5), 
20.3.2002; (7), 2.5.2002; (2), 16.5.2002; (2), 12.6.2002; 
(1), 7.8.2002; (7), 12.9.2002. Beet-jen Mazraa, (5), 
3.10.2001; (1), 7.8.2002; (3), 29.8.2002. Erneh, (7), 
21.9.2001; (8), 29.8.2002. Beqaasem, (5), 21.9.2001; (2), 
11.7.2002; (1), 29.7.2002. Mugr Almeer, (1), 26.8.2003. 
Zarzar, (2), 19.9.2001. Deir Al-ashairr, (9), 17.9.2002. 
Azzabadani, (2), 17.10.2001. Kharabo, (5), 26.9.2001; (8), 
25.10.2001; (3), 21.11.2001; (2), 27.12.2001; (6), 
23.5.2002; (5), 11.9.2002; (15), 25.9.2002; (18), 
9.10.2002; (9), 27.11.2002; (2), 29.12.2002; (3), 9.2.2003; 
(12), 2.4.2003; (1), 2.7.2003; (2), 6.8.2003. Serghaya, (50), 
19.9.2001; (42), 17.10.2001; (9), 7.11.2001; (2), 
18.4.2002; (1), 4.5.2002; (1), 10.7.2002; (22), 24.7.2002; 
(63), 14.8.2002; (39), 5.9.2002; (24), 17.9.2002; (18), 
3.10.2002; (16), 7.11.2002; (1), 26.6.2003; (14), 
29.7.2003. Ma`adamiyeh Al-sham, (3), 23.5.2002; (46), 
30.8.2002; (8), 9.9.2002; (36), 4.10.2002; (30), 1.11.2002; 
(39), 4.12.2002; (13), 16.1.2003; (8), 5.2.2003; (1), 
13.3.2003; (1), 9.4.2003; (1), 23.6.2003. Houch arab (1), 
3.9.2001. Assal Alwared, (14), 26.9.2001. Rankus 
Mountain, (1), 11.9.2002. Sarkha, (8), 26.9.2001; (31), 
11.9.2002. Maalula (4), 2.8.2001. Seydnaya, (1), 2.8.2001. 
Qatana, (2), 14.8.2003. Ahmadia, (1), 25.9.2001. Assaida 
Zainab, (1), 11.9.2001. Jeesrin, (3), 29.12.2002; (5), 
9.2.2003. Ashiphonieh, (51), 25.9.2002. Annashabyeh, (2), 
21.11.2001; (1), 24.7.2002. Damascus: Qasioun, (3), 
13.5.2003. As`Sweida: Al-Kafr, (8), 20.9.2001. Ein 
alarab, (28), 7.8.2001; (30), 29.8.2001; (29), 27.9.2001; 
(6), 18.10.2001; (1), 1.8.2002; (17), 21.8.2002; (48), 
10.9.2002; (20), 23.10.2002. Orman Mountain, (18), 
1.8.2001; (23), 12.8.2001; (20), 29.8.2001; (15), 
27.8.2001; (1), 11.4.2002; (1), 1.8.2002; (49), 10.9.2002; 
(1), 4.8.2003. Orman, (20), 29.8.2001; (6), 4.7.2002; (6), 

17.7.2002. Taamri Mountain, (2), 17.7.2002; (1), 
21.8.2002(2), 5.8.2003; (1), 8.8.2003. Ghoujygoujyat 
Mountain, (16), 1.8.2002; (33), 21.8.2002; (10), 10.9.2002; 
(10), 23.10.2002; (7), 22.10.2003. Qanawat, (1), 
12.8.2001; (3), 11.9.2001; (1), 20.9.2001. Taima, (4), 
11.9.2001. Tal-loz, (2), 12.8.2001. Mashkok, (1), 
20.9.2001. Dar`a: Wadi Jeelin, (5), 21.9.2001; (3), 
22.11.2001; (4), 7.2.2002; (3), 25.4.2002. Jeelin, (3), 
24.10.2001; (5), 3.7.2002. Zeizon, (4), 8.8.2001; (1), 
22.8.2002. Mzireeb, (1), 6.8.2001. Sheikh Saad, (2), 
13.11.2002. Nahaj, (18), 4.10.2001; (16), 24.10.2001. 
Sahm al-joulan, (3), 4.9.2001. 

Remarks: Distributed in the East Mediterranean 
Region, covering India, Pakistan, Afghanistan, the 
Cuacasues, Turkey, Iran and Saudi Arabia (Gourreau, 
1974; Uygun, 1981; Raimundo and van Harten, 2000).  

Host species: Aloysia citrodora, Amygdalus sp., 
Capsicum annum, Citrus sp., Cucurbita pepo, Cupressus 
sp., Eriobotrya japonica, Eucalyptus camaldulensis, Ficus 
carica, Glycyrrhiza glabra, Helianthus annus, Hibiscus 
esculentus, Inula viscosa, Juglans regia, Ligustrum sp., 
Lonicera sp., Malus communis, Medicago sativa, Morus 
alba, Olea europaea, Parietaria judaicus, Phaseolus 
vulgaris, Pinus sp., Populus sp., Prunus armeniaca, Pyrus 
communis, Pistacia vera, Prunus avium, Prunus mahaleb, 
Prunus vulgaris, Punica granatum, Quercus calliprinos, 
Rosa sp., Rubus idaeus, Schinus molle, Solanum 
melongena, Urtica sp., Vitis vinifera, and Zea mays.   

Tribe Chilocorini Mulsant, 1846 
Chilocorus bipustulatus (Linnaeus, 1758) (Fig. 4P) 

Material examined (42): Al-Quneitra: Jubata Al-
Khashab (1), 29.8.2002. Damascus Rural: Ma`adamiyeh 
Al-Sham, (9) 9.9.2002; (15) 13.8.2003; (4) 24.8.2003; (3) 
15.8.2004. Addimass, (1), 17.9.2002; (1), 3.4.2003. 
Airport Street (1), 28.8.2001. Attall (1), 15.8.2002. 
As`Sweida: Ein alarab, (1), 1.8.2002; (2), 10.9.2002; (1), 
23.10.2002. Dar`a: Wadi Jeelin, (1), 7.2.2002; (1), 
29.5.2002. 

Remarks: This species has a wide range of distribution 
covering India, Pakistan, China, Mongolia, Russia and 
Western Europe (Poorani, 2004), with records from 
northern Syria and the coastal regions (Lababidi and 
Zepter, 1995; Al Jundi and Ahmad, 1999) and Damascus 
(Bascheer and Abo Alshamat, 2004). It feeds on scale 
insects and aphids. Lababidi and Zebitz (1995) reported it 
feeding on the pistachio psyllid Agonoscena targionii 
Lich. in northern Syria. 

Host species: Biota orientalis, Citrus sp., Cupressus 
sp., Olea europaea, Pinus sp., Populus sp., Pyrus 
communis, and Quercus calliprinos, 

Exochomus octosignatus (Gebler, 1830) (Figs. 5K and 
6A) 

Material examined (1): Damascus Rural: Bludan 
Mountain, (1), 14.6.2003. 

Remarks: This species is recorded for the first time in 
Syria. It was listed under the genus Brumus. Distribution 
of this species extends from Siberia to the Eastern 
Mediterranean (Duverger, 1991). Uygun (1981) recorded 
this species to feed on scale insects in Turkey.  

Host species: Species of family Asteraceae. 
 



 © 2021  Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4 839 

 
Figure 6: A. Exochomus octosignatus. B. Exochomus quadripustulatus. C. Exochomus undulatus. D. Parexochomus nigromaculatus. E. 
Parexochomus pubescens. F. Platynaspis luteorubra. G. Novius cardinalis. H. Anisosticta novemdecimpunctata. I. Adalia (Adalia) 
bipunctata. J. Adalia (Adalia) decempunctata. K. Harmonia quadripunctata. L. Coccinella (Coccinella) septempunctata. M. Hippodamia 
(Adonia) variegata. N. Oenopia conglobata. O. Oenopia oncina. P. Propylea quatuordecimpunctata. Q. Psyllobora (Thea) 
vigintiduopunctata. Scale bar = 1 mm. 

Exochomus quadripustulatus (Linnaeus, 1758) (Figs. 5L 
and 6B) 

Material examined (54): Damascus Rural: Wadi Al-
Qaren, (4), 19.8.2001; (1), 17.11.2001; (1), 14.3.2002; (2), 
19.2.2003. Al-Quneitra: Beer Ajam, (2), 20.3.2002; (3), 
19.3.2003. Jubata Al-Khashab, (2), 28.2.2002; (3), 
25.4.2002; (14), 16.5.2002; (10), 16.4.2003; (1), 

26.8.2003; (4), 2.5.2005. As`Sweida: Al-Kafr, (4), 
23.10.2002; (1), 12.12.2002; (2), 11.5.2003. 

Remarks: This species is distributed from India, 
Mangolia, Middle East to Russian Far East and Western 
Europe (Kuznetsov, 1997; Poorani, 2004; Kovář, 2007). In 
Syria, it was listed by El Hariri (1968) and recorded from 
Wadi Al Qaren by Kabakibi (1993), from As`Sweida by 
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Almatni et al. (1999) and from Damascus by Bascheer and 
Abo Alshamat (2004). 

Host species: Amygdalus sp. and Quercus calliprinos.  

Exochomus undulatus Weise, 1878 (Fig. 6C) 
Material examined (2): Damascus Rural: Rankus, 

(1), 6.7.2004. Wadi Al-Qaren, (1), 14.3.2002.  
Remarks: This species is known from the southern 

states of the former Soviet Union, Turkey, Iran, Palestine 
and Egypt (Alfieri, 1976; Uygun, 1981, Moodi, 1994; 
Halperin et al., 1995). In Syria, it was listed by El Hariri 
(1968). Uygun (1981) recorded it feeding on scale insects 
and aphids in Turkey. Jalilvand et al. (2014) found that 
this species predates on Planococcus vovae in Iran.. 

Host species: Amygdalus sp. and Quercus calliprinos. 

Parexochomus nigromaculatus (Goeze, 1777) (Fig. 6D) 
Material examined (24): Damascus Rural: Wadi Al-

Qaren, (1), 19.9.2001; (2), 5.9.2002. Jeesrin, (1), 
29.12.2001. Al-Quneitra: Masehara, (1), 13.8.2001. 
As`Sweida: Al-Kafr (1), 18.10.2001. Taamri Mountain, 
(1), 21.6.2002. Orman Mountain, (1), 21.8.2002; (1), 
8.8.2003. Qanawat, (2), 12.8.2001. Dar`a: Izraa (4), 
27.9.2001. Sheikh Miskin, (8), 30.8.2001. Sanameen, (1), 
6.8.2001. 

Remarks: This species has a wide range of distribution 
in South and Central Europe, Africa and Asia (Raimundo 
and van Harten 2000). This species was recorded 
previously from Syria by El Hariri (1971) and from the 
Golan Heights (Halperin et al., 1995). Jalilvand et al. 
(2014) found that this species predates on Phenacoccus sp. 
in Iran. 

Host species: Achillea sp., Cucumis melo, Cucurbita 
pepo, Daucus carota, Nerium oleander, Quercus 
calliprinos and Urtica sp.  

Parexochomus pubescens (Küster, 1848) (Fig. 6E) 
Material examined (6): Damascus Rural: Jeesrin, 

(3), 9.2.2003. Attall, (1), 24.8.2003. Kharabo, (1), 
23.5.2002. Dar`a: Wadi Shihab, (1), 13.5.2003. 

Remarks: This is widely distributed species with a 
range extending from India, Middle East, reaching 
westwards to Spain, with records from Egypt, Palestine, 
Syria, Saudi Arabia and Yemen (Raimundo and van 
Harten, 2000; Poorani, 2004).  

Host species: Tamarix articulata, Triticum sp. and 
Urtica sp.  

 
Tribe Platynaspidini Mulsant, 1846 
Platynaspis luteorubra (Goeze, 1777) (Figs. 5M and 6F) 

Material examined (14): Damascus Rural: Kharabo, 
(1), 22.8.2001; (1), 11.7.2002; (1), 24.7.2002; (1), 
6.8.2003. Qatana, (1), 5.7.2002. Attall, (1), 10.7.2002. 
As`Sweida: Ein alarab (1), 22.7.2003. Orman Mountain 
(1), 27.9.2001. Ghoujygoujyat Mountain, (1), 4.7.2002; 
(2), 29.4.2003. Shahba, (1), 13.3.2002. Dar`a: Zeizon, (2), 
8.8.2001. 

Remarks: Halperin et al. (1995) reported Platynaspis 
luteorubra as a rare species in the Golan Heights and 
Palestine. This is a Palaearctic species with a range 
extending from North Africa, Europe, and the Middle East 
reaching the Caucasues (Uygun, 1981). 

Host species: Malus communis, Medicago sativa, 
Morus alba, Pinus sp., Punica granatum, Rosa sp., and 
Zea mays. 

Tribe Noviini Mulsant, 1850 
Novius cardinalis (Mulsant, 1850) (Figs. 5N and 6G) 

Material examined (16): Damascus Rural: Attall, 
(1), 25.10.2001; (1), 27.12.2001. Ma`adamiyeh Al-sham, 
(1), 15.2.2002; (1), 23.5.2002; (1), 16.1.2003; (1), 
5.2.2003; (1), 13.3.2003; (1), 9.4.2003; (1), 23.6.2003; (1), 
11.7.2003; (1), 13.8.2003. Dar`a: Wadi Jeelin, (1), 
7.2.2002; (2), 25.4.2002. Zeizon, (1), 25.4.2002; (1), 
27.5.2002.  

Remarks: This species has a world-wide distribution 
(Uygun, 1981). Listed previously from Syria (El Hariri, 
1968). Recorded by Al Jundi and Ahmad (1999) from the 
coastal regions.  

Host species: Citrus sp., Faba vulgaris, Punica 
granatum, and Rubus idaeus. 

Tribe Tytthaspidini Crotch, 1874 
Anisosticta novemdecimpunctata (Linnaeus, 1758) (Fig. 
6H) 

Material examined (1): Dar`a: Nahta, (1), 22.8.2002. 
Remarks: This species is widely distributed in Europe, 

Central Asia and the Middle East (Uygun, 1981; 
Kuznetsov, 1997; Kovář, 2007). This species is recorded 
for the first time in Syria. 

Host species: Zea mays. 

Tribe Coccinellini Latreille, 1807 
Adalia (Adalia) bipunctata (Linnaeus, 1758) (Figs. 5O 
and 6I) 

Material examined (61): Damascus Rural: Kafr-
Hawar, (1), 7.8.2002. Al-Hameh, (2), 14.6.2003. Jeesrin, 
(30), 29.12.2002; (3), 9.2.2003. Attall, (3), 26.6.2002. 
Kharabo, (2), 22.8.2001; (1), 25.10.2001; (1), 23.5.2002; 
(1), 11.7.2002; (1), 24.7.2002; (1), 8.8.2002; (3), 
11.9.2002; (1), 25.9.2002; (3), 9.10.2002; (2), 2.4.2003; 
(2), 25.5.2003; (1), 2.7.2003; (1), 6.8.2003. Ma`adamiyeh 
Al-Sham, (1), 23.5.2002. As`Sweida: Orman Mountain, 
(1), no date. 

Remarks: This species has a world-wide distribution 
(Harde, 1999, Poorani, 2004). In Syria, it was listed by El 
Hariri (1968). Recorded from Damascus by Bascheer and 
Abo Alshamat (2004) and from As`Sweida by Almatni et 
al. (1999).  

Host species: Ficus carica, Juglans regia, Malus 
communis, Medicago sativa, Morus alba, Populus sp., 
Punica granatum, Rubus idaeus, Salix sp., Solanum 
melongena, Triticum sp., Urtica sp., and Zea mays. 

Adalia (Adalia) decempunctata (Linnaeus, 1758) (Figs. 
5P and 6J) 

Material examined (37): Al-Quneitra: Beer Ajam, 
(2), 27.6.2002; (1), 2.10.2002. Damascus Rural: Wadi 
Al-Qaren, (4), 10.7.2002. Sarkha, (5), 26.6.2002; (1), 
11.9.2002. Beqaasem, (1), 11.7.2002. Kafr Hawar, (1), 
7.8.2002. As`Sweida: Al-Kafr, (1), 17.7.2002; (2), 
23.10.2002. Orman, (1), 24.6.2002; (3), 11.7.2002; (1), 
17.7.2002. Taamri Mountain, (1), 4.7.2003. Ghoujygoujyat 
Mountain, (1), 4.7.2003. Qanawat, (2), 6.6.2002. Sad 
alaain, (9), 17.7.2002. Dar`a: Zeizon, (1), 9.5.2002. 

Remarks: It is distributed throughout the Palaearctic 
region, North Africa reaching Japan (Harde, 1999; Uygun, 
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1981). Previous records from Syria include the coastal 
region (Al Jundi and Ahamd, 1999), Mount Hermon 
(Halperin et al., 1995), North Syria (Aswad, 1998) and 
listed by El Hariri (1968).  

Host species: Amygdalus sp., Inula viscosa, Juglans 
regia, Quercus calliprinos, Robinia pseudoacacia, Salix 
sp., Pinus sp., Populus sp., and Prunus vulgaris. 

Coccinella (Coccinella) septempunctata Linnaeus, 1758 
(Figs. 5Q and 6L) 

Material examined (330): Al-Quneitra: Beer Ajam, 
(1), 27.6.2002. Jubata Al-Khashab, (12), 12.6.2002; (8), 
11.7.2002; (3), 31.7.2002, (2), 26.8.2003. Damascus: 
Qasioun, (6), 13.5.2003. Damascus Rural: Kharabo, (1), 
22.8.2001; (1), 21.11.2001; (1), 6.2.2002; (2), 18.4.2002; 
(8), 15.5.2002; (9), 23.5.2002; (1), 5.6.2002; (1), 
24.7.2002; (1), 11.9.2002; (1), 2.4.2003; (1), 21.4.2003; 
(2), 13.5.2003; (3), 25.5.2003; (1), 6.8.2003; (6) 
13.5.2005. Yabrud, (1), 25.10.2001; (1), 4.4.2002; (4), 
8.5.2002. Sasaa, (1), 2.5.2002; (10), 16.5.2002. Beet-jen 
Mazraa, (6), 8.11.2001; (5), 16.5.2002. Qatana, (1), 
5.7.2002; (1), 28.2.2002. Deir Al-ashairr, (2), 11.6.2002. 
Bludan, (2), 14.6.2003. Rankaus, (1), 10.6.2003. Maalula, 
(1), 8.5.2002. Attawani, (1), 20.11.2002. Autaiba, (6), 
6.2.2002; (1), 9.2.2003. Deir Atyeh, (4), 21.5.2003. 
Annashabyeh, (1), 28.8.2001. Attall, (3), 3.9.2001; (6), 
25.10.2001; (3), 27.12.2001; (2), 14.3.2002; (1), 4.4.2002; 
(2), 20.11.2002; (6), 19.2.2003; (1), 7.5.2003. Serghaya, 
(4), 19.9.2001; (10), 7.11.2001; (2), 6.12.2001; (7), 
4.5.2002; (8), 30.5.2002; (12), 11.6.2002; (2), 27.6.2002; 
(1), 17.9.2002; (4), 3.10.2002; (4), 7.11.2002; (2), 
22.5.2003. Ma`adamiyeh Al-sham, (1), 24.11.2001; (2), 
19.4.2002; (2), 24.4.2002; (1), 1.5.2002; (1), 23.5.2002; 
(1), 19.7.2002; (1), 1.11.2002; (1), 4.12.2002; (3), 
19.5.2003; (1), 23.6.2003; (1), 23.7.2003. As`Sweida: Al-
Kafr, (3), 12.6.2003. Ein alarab, (2), 9.5.2002; (16), 
6.6.2002; (1), 19.6.2002; (1), 23.10.2002; (5), 2.6.2003. 
Orman Mountain, (3), 11.4.2002; (1), 6.6.2002; (2), 
12.6.2003. Taamri Mountain, (2), 17.4.2002; (1), 
17.7.2002. Ghoujygoujyat Mountain, (2), 4.7.2002; (1), 
12.6.2003. Qanawat, (1), 29.11.2001; (1), 13.3.2002 (1), 
11.4.2002; (1), 9.5.2002; (1), 6.6.2002. Shahba, (2), 
29.11.2001; (4), 13.3.2002; (1), 11.4.2002; (3), 11.5.2003. 
Tarba, (1), 11.9.2001. Saura, (1), 13.3.2002. Dar`a: Wadi 
Jeelin, (1), 9.5.2002. Zeizon, (6), 22.11.2001; (4), 
7.2.2002; (1), 10.4.2002; (1), 25.4.2002; (1), 29.5.2002; 
(1), 18.12.2002; (1), 16.6.2003. Mzireeb, (1), 20.12.2001; 
(1), 25.4.2002; (4), 9.5.2002; (3), 16.5.2002; (1), 
18.12.2002. Sheikh Saad, (8), 12.5.2003. Ajami, (3), 
13.11.2002. Sehaileia, (1), 20.6.2002. Tafas (1), 
22.11.2001; (4), 25.7.2002. Dar`a, (3), 6.5.2003. Wadi 
Shihab, (2), 13.5.2003. Namer, (10), 15.4.2002. 

Remarks: This species has a world-wide distribution 
(Zhou et al., 1995). In Syria, it was listed by El Hariri 
(1968) and collected from Wadi Al Qaren by Kabakibi 
(1993), from As`Sweida by Almatni et al. (1999) and from 
Damascus by Bascheer and Abo Alshamat (2004). It feeds 
on aphids. Lababidi and Zebitz (1995) reported it feeding 
on the pistachio psyllid Agonoscena targionii Lich. in 
northern Syria. 

Host species: Acer sp., Achillea sp., Amygdalus sp., 
Anthemis sp., Beta vulgaris, Cardus pycnocephalus, 
Centaurea sp., Chenopodium sp., Citrus sp. Cucumis 
sativs, Cucurbita pepo, Cupressus sp., Diplotaxis ercoides, 

Elaeagnus angustifolia, Faba vulgaris, Foeniculum 
vulgare, Hibiscus esculentus, Hordeum sp., Inula viscosa, 
Juglans regia, Malus communis, Medicago sativa, Morus 
alba, Nerium oleander, Onobryclus sp., Ononis spinosa, 
Onopordum syriacum, Quercus calliprinos, Petroselinum 
crispum, Pinus sp., Punica granatum, Prunus avium, 
Prunus armeniaca, Prunus vulgaris, Pyrus communis, 
Rosa sp., Rubus idaeus, Tamarix orticulatus, Triticum sp., 
Urtica sp., Vicia sativa, Vitis vinifera, and Zea mays. 

Coccinella (Spilota) undecimpunctata aegyptica Reiche, 
1861 (Figs. 5R) 

Material examined (152): Damascus: Damascus, (1), 
16.6.2002; (1), 13.5.2003. Damascus Rural: Kharabo, (2), 
22.8.2001; (2), 25.10.2001; (2), 15.5.2002; (4), 23.5.2002; 
(2), 5.6.2002; (2), 11.7.2002; (1), 13.5.2003; (1), 
25.5.2003. Serghaya, (1), 27.6.2002. Ma`adamiyeh Al-
Sham, (8), 24.4.2002; (5), 23.5.2002; (4), 19.5.2003; (1), 
11.7.2003. Yabrud, (5), 8.5.2002. Nasseria, (2), 5.6.2002. 
Kanaker, (3), 4.9.2001. Zarzar, (1), 14.6.2003. Deir Al-
ashairr, (1), 17.10.2001. Bludan, (2), 14.6.2003. Assal 
Alwared, (1), 26.9.2001. Rankus Mountain, (1), 21.5.2003. 
Rankaus, (6), 10.6.2003. Al-Dumayr, (15), 15.8.2001. 
Qatana, (1), 5.7.2002. Seydnaya, (5), 21.5.2003. Ahmadia, 
(10), 23.5.2002. Autaiba, (8), 10.7.2001; (1), 28.8.2001; 
(6), 2.8.2004. Assaida Zainab, (2), 11.9.2001. Deir Atyeh, 
(1), 21.5.2003. Annashabyeh, (14), 28.8.2001. Attall, (1), 
3.9.2001; (1), 7.5.2003. As`Sweida: Al-Kafr, (1), 
12.6.2003. Ein alarab, (1), 2.6.2003. Orman Mountain, (1), 
23.6.2002; (1), 16.5.200. Ghoujygoujyat Mountain, (1), 
4.7.2002. Taamri Mountain, (1), 6.6.2003; (1), 25.7.2003. 
Orman, (1), 6.6.2003. Qanawat, (2), 29.11.2001. Sad 
alaain, (1), 12.5.2003. Dar`a: Jeelin, (2), 10.8.2001. 
Zeizon, (1), 24.10.2001. Sheikh Miskin, (1), 27.5.2003. 
Mzireeb, (2), 6.8.2001; (1), 20.12.2001. Sheikh Saad, (1), 
12.5.2003. Shagara, (1), 9.7.2002. Tafas, (3), 25.7.2002. 
Daraa, (3), 6.5.2003. Shihab, (1), 25.7.2002. Namer, (1), 
15.4.2002.  

Remarks: Known from Europe, Asia and Africa 
(Rainundo and van Hartenl 2000). In Syria, recoded by Al 
Jundi and Ahmad (1999) as a predator for aphids on citrus 
tree in the coastal regions and recorded from As`Sweida 
by Almatni et al. (1999). It was listed by El Hariri (1968) 
from Syria.  

Host species: Amygdalus sp., Beta vulgaris, 
Carthamus tinctorius, Cerasus avium, Citrus sp., 
Crataegus sp., Cucumis sativus, Cupressus sp., Eriobotrya 
japonica, Euphorpia sp., Faba vulgaris, Foeniculum 
vulgare, Gossypium sp., Hordeum sp., Juglans regia, 
Malus communis, Morus alba, Medicago sativa, Nerium 
oleander, Pinus sp., Pisum sativum, Prunus armeniaca, 
Punica granatum, Pyrus communis, Solanum melongena, 
Triticum sp., Vicia sativa and Zea mays. 

Harmonia quadripunctata (Pontoppidan, 1763) (Figs. 5S 
and 6K) 

Material examined (59): Damascus Rural: Zarzar, 
(1), 30.4.2003; (1), 14.6.2003. Maissalon, (4), 30.4.2003. 
Addimass, (1), 15.5.2002; (2), 30.4.2003. Kafr Hawar, (1), 
7.8.2002. Al-Quneitra: Trounja 7: (1), 28.2.2002; (5), 
29.8.2002; (1), 16.4.2003; (1), 12.6.2002. As`Sweida: Al-
Kafr, (1), 23.10.2002, Ein alarab, (7), 4.7.2002; (3), 
17.7.2002; (9), 1.8.2002; (8), 21.8.2002; (2), 10.9.2002; 
(3), 23.10.2002; (3), 2.6.2003. Ghoujygoujyat Mountain, 
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(2), 1.8.2002; (1), 23.10.2002. Taamri Mountain, (1), 
25.7.2003. Orman Mountain, (1), 4.8.2003. 

Remarks: Known from Europe throughout Central 
Asia and the Middle East (Allawi, 1989; Canepari, 1991; 
Halperin et al., 1995; Harde, 1999). It was recoded by Al 
Jundi and Ahmad (1999) as a predator for aphids on citrus 
tree in the coastal regions.  

Host species: Amygdalus sp., Cedrus libani, Cupressus 
sp., Galium sp., Pinus sp., Prunus avium, Prunus vulgaris, 
Quercus calliprinos and Rosa damascena. 

Hippodamia (Adonia) variegata (Goeze, 1777) (Figs. 5T 
and 6M) 

Material examined (1042): Damascus Rural: Attall, 
(25), 3.9.2001; (4), 26.9.2001; (2), 27.12.2001; (4), 
4.4.2002; (2), 8.5.2002; (1), 26.6.2002; (11), 10.7.2002; 
(3), 20.11.2002; (7), 7.5.2002. Kharabo, (1), 22.8.2001; 
(1), 26.9.2001; (6), 25.10.2001; (3), 21.11.2001; (1), 
6.2.2002; (5), 4.5.2002; (11), 15.5.2002; (102), 23.5.2002; 
(6), 5.6.2002; (11), 11.7.2002; (6), 24.7.2002; (1), 
8.8.2002; (24), 11.9.2002; (5), 25.9.2002; (3), 9.10.2002; 
(3), 25.5.2003; (6), 2.7.2003; (8), 6.8.2003; (2), 13.5.2005. 
Serghaya, (7), 19.9.2001; (19), 17.10.2001; (25), 
7.11.2001; (2), 6.12.2001; (1), 18.4.2002; (2), 30.5.2002; 
(17), 11.6.2002; (16), 27.6.2002; (14), 10.7.2002; (11), 
24.7.2002; (15), 14.8.2002; (2), 5.9.2002; (6), 17.9.2002; 
(8), 3.10.2002; (15), 7.11.2002; (2), 9.1.2003; (1), 
10.4.2003; (2), 26.6.2003; (3), 29.7.2003. Ma`adamiyeh 
Al-sham, (1), 6.12.2001; (1), 20.1.2002; (12), 19.4.2002; 
(2), 1.5.2002; (15), 23.5.2002; (6), 28.6.2002; (2), 
19.7.2002; (1), 9.9.2002; (2), 16.1.2003; (4), 5.2.2003; (3), 
13.3.2003; (8), 19.5.2003; (4), 23.6.2003; (7), 11.7.2003; 
(2), 23.7.2003; (1), 13.8.2003. Yabrud 14: (4), 2.8.2001; 
(1), 26.9.2001; (8), 25.10.2001; (1), 11.9.2002. Kanaker, 
(1), 4.9.2001. Sasaa, (13), 3.10.2001; (1), 12.6.2002. 
Kulaiaa, (4), 7.8.2002. Dorin, (12), 10.7.2002; (5), 
24.8.2003. Beet-jen Mazraa 4: (1), 1.8.2001; (3), 
8.11.2001. Erneh (4), 11.7.2002; Zarzar, (7), 19.9.2001; 
(1), 14.6.2003. Deir Al-ashairr, (12), 17.10.2001; (8), 
28.11.2001; (17), 11.6.2002. Al-Hameh, (5), 14.6.2003. 
Azzabadani, (3), 17.10.2001; (1), 28.11.2001; (6), 
27.6.2002. Bludan, (4), 14.6.2003. Houch arab, (2), 
3.9.2001. Rankaus, (6), 21.5.2003; (10), 10.6.2003. 
Attawani, (1), 20.11.2002. Al-Dumayr, (1), 15.8.2001. 
Qatana, (19), 5.7.2002. Ahmadia, (3), 25.9.2002. Airport 
Street, (2), 21.11.2001. Autaiba, (1), 6.2.2002; (1), 
24.7.2002. Haran Al-awameed, (1), 24.7.2002. Assaida 
Zainab, (9), 11.9.2001; (1), 3.4.2002. Deir Atyeh, (1), 
21.5.2003. Jeesrin, (21), 29.12.2002; (1), 9.2.2003. 
Ashiphonieh, (6), 25.9.2002. Annashabyeh, (10), 
28.8.2001. Damascus: Damascus, (9), 13.5.2003. 
As`Sweida: Al-Kafr, (1), 1.8.2002; (1), 12.6.2003. Ein 
alarab, (1), 21.11.2001; (2), 29.11.2001; (1), 19.6.2002; 
(5), 17.7.2002; (8), 1.8.2002; (1), 23.10.2002; (2), 
2.6.2003. Orman Mountain, (1), 21.11.2001; (4), 4.7.2002; 
(14), 27.9.2002; (1), 1.8.2002; (2), 21.8.2002; (1), 
12.6.2003. Taamri Mountain, (2), 17.4.2002; (3), 6.6.2003; 
(1), 13.6.2003; (1), 28.6.2003; (1), 4.7.2003; (2), 
25.7.2003. Orman, (15), 21.6.2002; (6), 4.7.2002; (1), 
17.7.2002; (4), 22.6.2002; (1), 11.7.2002; (4), 25.5.2003; 
(1), 6.6.2003. Ghoujygoujyat Mountain, (3), 10.9.2002; 
(1), 21.8.2002; (4), 23.10.2002; (2), 29.4.2003; (1), 
12.6.2003. Sad alaain, (6), 17.7.2002. Qanawat, (9), 
12.8.2001; (3), 29.8.2001; (1), 11.9.2001; (8), 18.10.2001; 

(10), 15.5.2002; (1), 19.6.2002; (5), 1.8.2002; (8), 
21.8.2002; (5), 4.8.2005; Dar`a:  Shahba, (1), 16.5.2001; 
(1), 13.3.2002; (1), 11.12.2002; (1), 11.5.2003. Jeelin, 
(15), 10.8.2001; (3), 30.8.2001; (6), 18.7.2002. Wadi 
Jeelin, (2), 21.9.2001; (1), 22.11.2002; (1), 25.4.2002; (4), 
9.5.2002; (1), 2.10.2002. Zeizon, (9), 8.8.2001; (3), 
24.10.2001; (18), 22.11.2001; (3), 20.12.2001; (5), 
10.4.2002; (1), 9.5.2002; (2), 29.5.2002; (1), 16.6.2003. 
Izraa, (6), 27.9.2001. Sheikh Miskin, (6), 30.8.2001; (1), 
20.6.2002; (2), 27.5.2003; (4), 22.7.2003. Mzireeb, (4), 
6.8.2001; (7), 20.12.2001; (2), 25.4.2002; (4), 9.5.2002; 
(3), 16.5.2002; (1), 25.7.2002. Sheikh Saad, (1), 
12.5.2003. Ajami, (2), 13.11.2002. Nahta, 2: (1), 6.8.2002; 
(1), 22.8.2002. Sehaileia, (1), 20.6.2002. Tafas 23: (2), 
4.9.2001; (13), 22.11.2001; (8), 25.7.2002. Dar`a, (6), 
6.5.2003. Shihab, (1), 25.7.2002. Wadi Shihab, (1), 
13.5.2003. Namer, (1), 20.6.2002.  

Remarks: This species has a wide range of distribution 
extending from the Russian Far East across Asia 
southward to India and the Middle East to Europe and 
North Africa and occurs also in South Africa (Kuznetsov, 
1997; Raimundo and van Harten, 2000). Listed from Syria 
by El Hariri (1968). Recorded by Al Jundi and Ahmad 
(1999) from the coastal regions. Its principal food is 
aphids. Özden et al. (2006) reported this species from 
Cyprus feeding on aphids and mites. Lababidi and Zebitz 
(1995) reported it feeding on the pistachio psyllid 
Agonoscena targionii Lich. in northern Syria. 

Host species: Acer sp., Agropyron repens, Amygdalus 
sp., Anabasis sp., Beta vulgaris, Carthamus tinctorius, 
Cedrus libani, Citrus sp., Crataegus sp., Cucurbita pepo, 
Cucumis melo, Cupressus sp., Diplotaxis ercoides, 
Elaeagnus angustifolia, Eriobotrya japonica, Euphorpia 
sp., Faba vulgaris, Ferula hermonis, Ficus carica, Galium 
sp., Glycyrrhiza glabra, Helianthus innuus, Hibiscus 
esculentus, Hordeum sp., Hypericum trinquertifolium, 
Inula viscosa, Juglans regia, Malus communis, Malva sp., 
Medicago sativa, Nerium oleander, Ocimum sp., 
Petrocelinum crispum, Papaver syriacum, Pinus sp., 
Pistacia vera, Populus sp., Punica granatum, Prunus 
mahaleb, Prunus  vulgaris, Pyrus communis, Quercus 
calliprinos, Rosa sp., Rubus idaeus, Sinapis alba, Solanum 
melongena, Spartium junceum, Triticum sp., Urtica sp., 
and Zea mays. 

Oenopia conglobata (Linnaeus, 1758) (Figs. 5U and 6N) 

Material examined (618): Damascus Rural: Attall, 
(3), 3.9.2001; (3), 25.10.2001; (1), 14.3.2002; (1), 
8.5.2002; (3), 26.6.2002; (3), 10.7.2002; (2), 7.5.2003. 
Kharabo, (14), 22.8.2001; (1), 26.9.2001; (5), 25.10.2001; 
(1), 21.11.2001; (4), 23.5.2002; (1), 5.6.2002; (1), 
11.7.2002; (3), 24.7.2002; (9), 8.8.2002; (3), 11.9.2002; 
(1), 25.9.2002; (4), 9.10.2002; (1), 29.12.2002; (1), 
2.4.2003; (5), 13.5.2003; (7), 25.5.2003; (9), 6.8.2003; (1), 
9.5.2002. Serghaya, (2), 19.9.2001; (5), 17.10.2001; (3), 
7.11.2001; (1), 18.4.2002; (4), 4.5.2002; (5), 15.5.2002; 
(3), 30.5.2002; (1), 11.6.2002; (14), 5.9.2002; (23), 
17.9.2002; (22), 3.10.2002; (17), 7.11.2002; (17), 
10.4.2003; (6), 22.5.2003; (3), 29.7.2003. Ma`adamiyeh 
Al-sham, (1), 23.5.2002; (4), 28.6.2002; (7), 19.7.2002; 
(5), 30.8.2002; (15), 9.9.2002; (1), 4.12.2002; (1), 
9.4.2003; (1), 19.5.2003; (7), 23.6.2003; (6), 6.7.2003; 
(25), 11.7.2003; (7), 23.7.2003; (6), 13.8.2003. Wadi  Al-
Qaren, (6), 10.7.2002; (2), 14.3.2002; (1), 19.2.2003. 
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Yabrud, (7), 2.8.2001; (1), 26.9.2001; (1), 4.4.2002; (1), 
26.6.2002; (8), 8.8.2002; (6), 11.9.2002. Kulaiaa, (2), 
7.8.2002, Beet-jen Mazraa, (14), 7.8.2002; (11), 
29.8.2002. Erneh, (5), 11.7.2002. Beqaasem, (1), 
21.9.2001; (4), 11.7.2002; (1), 29.7.2002, Mugr Almeer, 
(2), 16.4.2003. Kafr- Hawar, (1), 7.8.2002. Zarzar, (1), 
19.9.2001; (1), 28.11.2001; (4), 30.4.2003; (1), 14.6.2003. 
Deir Al-ashairr, (9), 17.10.2001; (3), 28.11.2001; (4), 
11.6.2002; (4), 17.9.2002. Addimass, (1), 10.7.2002; (10), 
5.9.2002; (3), 17.9.2002; (2), 30.4.2003. Al-Hameh, (2), 
14.6.2003. Azzabadani, (14), 27.6.2002; (1), 14.6.2003. 
Rankaus, (6), 10.6.2003. Sarkha, (25), 26.6.2002; (6), 
11.9.2002; (6), 21.5.2003. Seydnaya, (7), 2.8.2001; (4), 
26.6.2002. Qatana, (1), 14.8.2003. Deir Atyeh, (4), 
21.5.2003. Jeesrin, (2), 29.12.2002. Ashiphonieh, (1), 
25.9.2002. Annashabyeh, (1), 28.8.2001. Damascus: 
Qasioun, (14), 13.5.2003. Al-Quneitra: Jubata Al-
Khashab, (2), 20.3.2002; (1), 28.2.2002; (2), 16.5.2002; 
(2), 26.8.2003; (3), 22.5.2004. Hadar, (2), 10.9.2001; (2), 
31.7.2002; (1), 12.9.2002. Beer Ajam, (2), 12.9.2002; (1), 
2.10.2002. As`Sweida: Al-Kafr, (1), 18.10.2001; (1), 
29.11.2001; (2), 9.5.2002; (5), 6.6.2002; (1), 1.8.2002; 
(10), 23.10.2002; (5), 11.5.2003; (2), 12.6.2003. Shahba, 
(1), 13.3.2002; (1), 11.12.2002. Ein alarab, (1), 28.6.2002; 
(2), 4.7.2002; (2), 17.7.2002; (1), 10.9.2002. Orman 
Mountain, (3), 11.4.2002. Orman, (1), 30.5.2002; (3), 
21.6.2002; (1), 4.7.2002; (1), 11.7.2002; (2), 17.7.2002. 
Ghoujygoujyat Mountain, (1), 10.9.2002, (1), 4.8.2003. 
Taamri Mountain, (2), 25.7.2003; (1), 8.8.2003. Qanawat, 
(1), 11.9.2001; (1), 13.3.2002; (4), 11.4.2002; (1), 
9.5.2002; (1), 17.7.2002; (2), 1.8.2002. Dar`a: Shihab, (1), 
25.7.2002. Wadi Shihab, (1), 13.5.2003. Zeizon, (1), 
21.3.2002; (1), 28.3.2002; (4), 10.4.2002; (2), 25.4.2002; 
(10), 9.5.2002; (4), 29.5.2002. Nahaj, (6), 4.10.2001. 

Remarks: This species has a wide range across 
Europe, North Africa to the Far East and North America 
(Kuznetsov, 1997). In Syria, it was recorded from the 
Golan Heights, Mount Hermon, Wadi Al Qaren, 
As`Sweida and northern Syria (Kabakibi, 1993; Halperin 
et al., 1995; Almatni et al., 1999; Ka'ada, 2002). Jalilvand 
et al. (2014) found that this species predates on 
Planococcus ficus in Iran. 

Host species: Acer sp., Aloysia citrodora, Amygdalus 
sp., Biota orintalis, Cedrus libani, Citrus sp., Cupressus 
sp., Cydonia vulgaris, Elaeagnus angustifolia, Eriobotrya 
japonica, Eucalyptus camaldulensis, Faba vulgaris, Ficus 
carica, Glycyrrhiza glabra, Hibiscus esculentus, Inula 
viscosa, Juglans regia, Ligustrum sp., Medicago sativa, 
Morus alba, Nerium oleander, Olea europaea, Prunus 
armeniaca, Prunus  vulgaris, Pinus sp., Pistacia vera, 
Populus sp., Prunus avium, Prunus mahaleb, Punica 
granatum, Pyrus communis, Quercus calliprinos, Robinia 
pseudoacacia, Rosa sp., Rubus idaeus, Salix sp., Solanum 
melongena., Ulmus campestris, Urtica sp., Vitis vinifera 
and Zea mays, 

Oenopia oncina (Olivier, 1808) (Figs. 5V and 6O) 

Material examined (6): Damascus Rural: Deir Al-
ashairr, (1), 17.10.2001; (1), 11.6.2002. Bludan, (1), 
14.6.2003. Rankus Mountain, (1), 21.5.2003, Rankaus, (1), 
10.6.2003. Dar`a: Wadi Shihab, (1), 13.5.2003. 

Remarks: This species is distributed in the Eastern 
Mediterranean extending to Central Asia (Iablokoff-

Khnzorian, 1982). This species represents a new record to 
Syria. 

 Host species: Amygdalus sp., Medicago sativa, 
Onobryclus sp. and Punica granatum.  

Propylea quatuordecimpunctata (Linnaeus, 1758) (Figs. 
5W and 6P) 

Material examined (121): Damascus Rural: Qatana, 
(1), 5.7.2002. Ahmadia, (1), 25.9.2002. Assaida Zainab, 
(2), 11.9.2001; (3), 13.3.2002. Jeesrin, (3), 9.2.2003. 
Ashiphonieh, (1), 25.9.2002, Attall, (7), 3.9.2001; (2), 
4.4.2002; (1), 8.5.2002; (1), 26.6.2002; (18), 10.7.2002; 
(6), 15.7.2005. Kharabo, (1), 22.8.2001; (1), 26.9.2001; 
(2), 25.10.2001; (1), 15.5.2002; (9), 23.5.2002; (7), 
11.7.2002; (3), 24.7.2002; (1), 8.8.2002; (8), 25.9.2002; 
(13), 9.10.2002; (3), 2.4.2003; (10), 25.5.2003; (3), 
2.7.2003; (3), 6.8.2003. Ma`adamiyeh Al-sham, (3), 
28.6.2002; (3), 19.7.2002; (1), 19.5.2003; (1), 23.6.2003; 
(1), 11.7.2003; (1), 23.7.2003. 

Remarks: This is a Trans-Palaearctic species with 
wide range of distribution through Europe, across Asia 
reaching Korea and Japan (Iablokoff-Khnzorian, 1982). 
Regionally, it was recorded from Lebanon and Palestine 
(Talhook, 1961; Halperin et al., 1995). Recorded by Al 
Jundi and Ahmad (1999) from the coastal regions, and 
from Damascus by Bascheer and Abo Alshamat (2004).  

Host species: Cucumis sativus, Cucurbita pepo, 
Cydonia vulgaris, Faba vulgaris, Foeniculum vulgare 
Hordium vulgare, Juglans regia, Medicago sativa, Morus 
alba, Populus sp., Punica granatum, Solanum melongena, 
Triticum sp. Urtica sp., and Zea mays. 

Psyllobora (Thea) vigintiduopunctata (Linnaeus, 1758) 
(Figs. 5X and 6Q) 

Material examined (2):  Damascus Rural: Attall, (2), 
3.9.2001. 

Remarks: This is a Palaearctic species with a wide 
distribution in Europe (Harde, 1999). Aslan and Uygun 
(2005) reported this species from Turkey on aphids. This 
species was listed by El Hariri (1968) from Syria. 
Recorded from northern Syria and the coastal regions by 
Ka'ada (2002) and Younes et al. (2015). 

Host species: Vitis vinifera. 

Assocaition of coccinellids with their host plants 
The coccinellids in southern Syria are associated with 

90 plant species, number of plants per species of 
coccinellid ranged between considered 1 and 45 (12.72 ± 
13.04, Average ± STDEV). 29 coccinellid species were 
found on fewer than 10 plants, thus specialists; whereas 
seven species were found on more than 30 plant species 
and were considered generalists (Figure 7). Generalist 
species include (from highest to lowest number of plant 
hosts): Coccinella septempunctata, Oenopia conglobata, 
Coccinella undecimpunctata, Stethorus gilvifrons, 
Scymnus apetzi, Hippodamia variegata, and Scymnus 
flavicollis. 
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Figure 7. Occurrence of coccinellid species on plant hosts. 

On the other hand, the number of coccinellid species per 
plant host ranged between 1 and 26 different species 7.07 
± 6.87 (Average ± STDEV). With 54 plant species (60% 
of all plants) had =< 5 different coccinillids, whereas, 18 
plants (20% of all plants) had 15-26 different coccinillids 
(Figure 8). These preferred plants include (from highest to 
lowest number of coccinillids): Punica granatum, Quercus 
calliprinos, Amygdalus sp., Citrus sp., Juglans regia, 
Morus alba, Zea mays, Pinus sp., Urtica sp., Medicago 
sativa, Ficus carica, Populus spp., Rubus idaeus, Malus 
communis, Pyrus communis, Cupressus sp., Prunus avium, 
and Prunus armeniaca. Additionally, at least 75 species of 
these plant hosts have agricultural value including Punica 
granatum, Amygdalus sp., Malus communis, Pyrus 
communis, Morus alba, and Citrus sp. 

 
Figure 8. Diversity of coccinellid species on plant hosts. 

4. Discussion 

In this study, a total of 51 species were recorded. 
Fifteen are new records for Syria (Table 2). This high 
number of new records is not surprising, due to the paucity 
of systematic studies on the coccinellid fauna of Syria.  
Within the Middle East, Turkey enjoys the highest number 
of coccinellids reaching up to 84 species (Yurtsever, 
2001), followed by Palestine with 71 species (Halperin et 
al., 1995; Najajrah et al., 2019). The number of 
coccinellids species of Syria is higher than those recorded 
from Jordan, Saudi Arabia, and the United Arab Emirates 
with species 16, 35, and 22 respectively (Fürsch, 1979; 
Allawi, 1989; aimundo and van Harten, 2000). 

Stethorus gilvifrons and Hippodamia variegata were 
the most abundant species, and constituted 18.5% and 
14% of the collected specimens respectively. The former 
species was very efficient predator, essentially feeding on 
mites. Aslan and Uygun (2005) reported this species from 
Turkey on aphids. Also, it feeds on all stages of the 
whitefly Bemisia tabaci (Al-Duhawi et al., 2006).  

Based on species incidences among sites, three groups 
of species may be distinguished: there are 19 rare or 
‘‘satellite’’ species which were recorded from less than 10 
localities with low abundance; 5 modal species found at an 
intermediate number of sites over larger areas, and 13 
ubiquitous ‘‘core’’ species recorded from more than 40 
sites with 152-1368 specimens per species (Table 3). Five 
species (A. novemdecimpunctata, D. rubidus, E. 
octosignatus, N. caucasicus and P. setulosus) are 
considered as very rare species, since only one specimen 
of each was collected. Hippodamia variegata, Stethorus 
gilvifrons, Oenopia conglobata, Coccinella 
undecimpunctata agyptica, Coccinella septempunctata and 
Scymnus pharaonis respectively, are widely distributed in 
the study area. 

More coccinellid species were collected in agricultural 
areas (47 species) than in non-agricultural areas (28 
species). Only four specieces (E. undulatus, E. 
octosignatus, E. quadripustulatus and S. fraxini) were 
found in non-agricultural areas and were not found in 
agricultural areas.   

Over ninety plant species were identified as hosts for 
these beetles; some plants have economic value, as fruit 
trees, crops, woods or ornamentals. The coccinellids on 
apple, citrus, almond, cherry and other fruit trees were 
identified. Since Syria is an agricultural country with a 
wide range of crops, the high diversity of coccinellids in 
Syria suggests the importance of these insects as biological 
control agents against harmful agricultural pests. 
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Abstract 

Malaria is one of the highest causes of mortality in the populations of African, South Asia, and Latin America as it 
contributes a large part of the continued impoverishment of these populations. The efficacy of both the ethanolic and 
aqueous extracts of the fruits of Calotropis gigantea, R. Br. (Ascelepiadaceae), Aframomum melegueta K. Schum 
(Zingiberaceae), and seeds of Blighia sapida (Sapindaceae) were tested on the third instar larvae of Anopheles gambiae (L). 
200 g of the blended form of each plant material was suspended in 500 mls of water and filtered after 1 day. The filtrates 
were then dried to get the stock from which serial concentrations (20, 10, 1, 0.1 mg/ml) were reconstituted. The result after a 
24 hrs bioassay time shows that the A. meleguta (59.4 %) ethanolic extract with LC50 values of 0.3 mg/ml acted most 
followed by its aqueous form (38.89 %) with LC50 2.57 mg/ml, ethanolic extract of C. gigantea (27.78 %) with LC50 5.57 
mg/ml, the ethanolic form of B. sapida (27.5 %) 6.25 mg/ml while the aqueous forms of C. gigantea and B. sapida were 6.37 
at 25 % and 6.5mg/ml at 26.6% respectively. For all the plants used, A. melegueta was the most potent plant and there was 
significant difference (p<0.05) between the ethanolic extract and the aqueous form. The use of insecticides of plant origins 
may serve as a suitable alternative to chemical insecticides in the future with their characteristic relative safety, 
degradability, and abundance in many areas of the world. 

Keywords: Calotropis gigantea, Aframomum melegueta, Blighia sapida, Anopheles gambiae, Ethanolic extract, Aqueous extract. 
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1. Introduction 

There are approximately 3,500 species of mosquitoes 
grouped into 41 genera. Out of these only Anopheles is 
still the transmitter of human malaria (NCID, 2004). And 
within the genus Anopheles comprising more than 400 
described species approximately, 70 species are active 
vectors of malaria affecting humans (Pimenta et al., 2015). 
The life cycle starts when the female Anopheles mosquito 
takes a blood meal from a Plasmodium infected vertebrate 
host and ingests gametocytic forms of the parasite that are 
present in the blood (Pimenta et al., 2015). The mosquito 
Anopheles gambiae is the principal vector of malaria in 
Africa. According to the WHO statistics, this parasitic 
disease infects from 300 to 500 million persons per year in 
the world and kills more than a million and a half each 
year, mainly African children (Marimo et al., 2016). 
Together with AIDS, malaria is one of the causes of 
mortality in the populations of African, South Asia, and 
Latin America and it contributes a large part of the causes 
of poverty among these populations (Aina et al, 2009a). ; it 
contributes a large part of the continued impoverishment 
of these populations (Aina et al, 2009a). 

Calotropis gigantea is a large shrub growing to 4 m 
tall. Its flowers occur in waxy clusters of either white or 
lavender. The stem is oval with light green leaves, and 
milky in appearance (Li et al., 2015). The latex of C. 
gigantea contains cardiac glycosides, fatty acids, 
and calcium oxalate. The milky juice of Calotropis sp. was 
used against arthritis, cancer, and as an antidote for 
snakebite (Upadhyay, 2014)  

A. melegueta is a perennial herbaceous  plant found in 
swampy areas along the West African coast. Its trumpet-
shaped, purple flowers develop into pods 5-7 cm long, 
containing numerous small, reddish-brown seeds. The 
presence of aromatic ketones, such as (6)-
paradol (systematic name: 1-(4-hydroxy-3-
methoxyphenyl)-decan-3-one) caused the pungent, 
peppery taste of the seeds. The dominating flavor 
components are the essential oils which closely relate to 
cardsmom and occur in traces (Austin, 2004). In West 
African folk medicine, “grains of paradise” are valued for 
their warming and digestive properties, and among 
the Efik in Nigeria they have been used for divination and 
ordeals (Simmons, 1956) to determine guilt (Nwaehujor, 
2014).  A. melegueta was brought to the Caribbean and 
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Latin America, where it is used in religious (voodoo) rites 
(Moret, 2013)  

Blighia sapida (Fig. 3) is also known as ackee in 
English and locally as Okpu (Igbo), Isin (Yoruba), Ukpe 
(Edo) and Gwanja kusa (Hausais a fruit of 
the Sapindaceae soapberry family. It is native 
to tropical West Africa (Kristen, 2003; Simons and 
Leakey, 2004). The English common name is derived from 
the West African Akan akye fufo (Simons, and Leakey, 
2004). It is used for its "soap" properties as a laundering 
agent or fish poison in West Africa and the Caribbean 
Islands. The ripe arils, leaves or bark were used to treat 
minor ailments in traditional African  medicine (Sinmisola 
et al., 2019). 

 
Figure 1. Calotropis gigantean fruit (Source, Whistler, 2000)  

 
Figure 2. Aframomum melegueta fruit (Source, Osuntokun, 2020)  

 
Figure 3. Blighia sapida fruit showing seeds (black)(Source, 
Kristen, 2003) 

At present biocontrol and biopesticide agents are only 
operational against mosquito larvae and pupae (Thomas, 
2018). Plant materials have been used in different forms to 

control mosquitoes; for example, ancient peoples used 
smoke from burning cattle or goat dung to drive out 
mosquitoes from their caves or huts before sleeping 
(Kihampa, 2011). Later on, certain herbs and barks of 
some trees were added to the smoldering fire to enhance 
the repellent action of smoke. A large number of plant 
extracts have been reported to have mosquitocidal or 
repellent activity against mosquito vectors but very few 
plant products have shown practical utility for mosquito 
control (Mohan and Ramaswamy, 2007). 

Botanical insecticides are made from chemical extracts 
from plants. Examples are Pyrethrum which is an 
insecticide derived from the dried flower of 
Chrysanthemum cinerariaefolium grown in Kenya, 
Australia, and Tanzania. Pyrethrins are chemicals 
extracted from the pyrethrum flower, Rotenone is 
extracted from the roots of several tropical legumes such 
as the cube plant grown in Peru, originally used in India as 
a fish poison but moderately toxic to human (Sola et al., 
2014). 

Therefore, the objective of this study is to investigate 
the effects aqueous and ethanolic extracts of the fruits of 
Calotropis gigantea, R. Br. (Ascelepiadaceae), 
Aframomum melegueta K. Schum (Zingiberaceae), and 
seeds of Blighia sapida (Sapindaceae) on third instar 
larvae (Aina et al, 2009a) of Anopheles gambiae (L) to 
discover more plant products that can be used to control 
the prevalence of malaria in developing nations. 

2. Materials and Methods 

2.1. Experimental Site  

The research was conducted at the insectaries of the 
Department of Zoology and Environmental Biology, 
Olabisi Onabanjo University, Ago-Iwoye, Ogun State, 
Nigerian located on Lat.6.942374, Long 3.921517. 

2.2. Collection of Plant Materials 
The matured fruits of A. melegueta were bought in 

from Awolowo Market in Sagamu, while the matured 
fruits of C. gigantea and the seeds of B. sapida were 
collected at Sagamu and Ago-Iwoye respectively, both in 
the Ogun State, Southwestern Nigeria. The materials were 
also dried in the Gallemhamp oven (Aina et al., 2009b; 
Ariyo et al, 2011) and identification of the plants was done 
at the Herbarium of the Department of Plant Science, 
OOU, Ago-Iwoye. 

2.3. Culture of Mosquito 

The 3rd instar Anopheles gambiae mosquito larvae used 
for this study was collected from a culture maintained in 
the insectary of the Department of Zoology and 
Environmental Biology, OOU, Ago-Iwoye, Nigerian. The 
third stage of larvae development is identified 
morphologically (according to Gillies and Coetzee, 1987) 
using dissecting microscope to examine characters like: 
length between 3 and 5 mm, well developed palmate hairs, 
widened sclerotized head collar and long lateral setae 
(tufty at thoracic region).   

2.4. Aqueous Extraction Preparation 

The plant materials were blended using the Moulinex 
blender (LM243027). 200 grams of each grounded 
botanical was then soaked separately in 500 mls distilled 
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water for 1 hour to dissolve the active components for 24 
hrs. The suspension was then filtered using the Whatman’s 
No.1 filter paper. The filtrate was freeze-dried to remove 
the water solvent in each case using the Edwards Modulyo 
Freeze-drying machine. From the freeze-dried (Stock), 
serial dilutions were made to obtain different 
concentrations of 20, 10, 1, 0.1 mg/ml (Ijarotimi et al., 
2013). 

2.5. Ethanolic Extraction Preparation  

Two hundred grams (200 g) of each blended material 
was mixed with 500 mls of 70% ethanol in separate jars 
and allowed to stay for 24 hrs. They were then filtered into 
separate conical flasks using the Whatman’s No.1 filter 
paper and the filtrates were put into the Gallenhamp 
Vacuum oven to evaporate the extraction solvent (Aina et 
al, 2009a). Serial dilutions were made from the stock to 
obtain different concentrations of 20, 10, 1, 0.1 mg/ml 
mg/ml (Ijarotimi et al., 2013). 

2.6. Bioassay of Extracts  

Ten active third instar larvae of the Anopheles gambiae 
were transferred into (100 ml) containers containing 2 ml 
of distilled water and 50 ml from each graded 
concentrations of each extract was added. In the controls, 
the larvae were put in 50 ml of distilled water and 2% 
ethanol respectively. Three replicates were set-up for each 
concentration including the control. The set up was 
allowed to stay undisturbed for 24 hours, after which the 
larvae were put inside distilled water to observe any 
recovery. A time of 5 minutes was given to observe such 
recovery in each treatment. Larvae were counted as dead 
when they were not coming to the surface for respiration 
and were probe insensitive. The percentage mortality was 
reported from the average of three replicates. 

 
2.7. Statistical Analysis  

Data recorded from the bioassay tests were analyzed 
using probit analysis based on the Statistical Analysis 
System (SAS) version 16. Comparison among seeds, 
fruits, between seeds and fruits, and all the plants were 
also sorted-out using the Analysis of Variance (ANOVA) 
and Turkey’s multiple comparison test for post hoc 
comparison which were carried out using SPSS for 
windows version 21. 

3. Results 

For the percentage mortality, Table 1 shows that of A. 
melegueta (59.44%) fruits extracted with ethanol give the 
highest mortality followed by its aqueous form (38.89%), 
ethanolic extract of the fruits of C. gigantea (27.78%), 
ethanolic extract of B. sapida (27.5%) seeds, the aqueous 
extract of B. sapida (26.67%) while the least mortality was 
recorded for C. gigantea (25%). The LC50 values indicated 
that the ethanolic extract of A. melegueta (0.30 mg/ml) 
was the most active followed in descending order by its 
aqueous form 2.57mg/ml, ethanolic extract of fruits of C. 
gigantea, ethanolic extract of seeds of B. sapida 
(6.25mg/ml), and aqueous extract of C. gigantea 
(6.37mg/ml) while the aqueous form of B. sapida 
(6.5mg/ml) was least in performance.  
Table 1. Percentage Mortality of A. gambiae larvae tested with 
ethanolic extract and water of the plants 

Extraction 
medium 

Plant species Part 
used 

Total mortality 
(360) and % 
mortality 

LC50 

(mg/ml) 

Ethanol 

B. sapida Seed 99 (27.50%) 6.25 

C. gigantea Fruit 100 (27.78%) 5.57 

A. melegueta Fruit 214 (59.44%) 0.30 

Control NA 0 (0.00%) 0.00 

Water 

B. sapida Seed 96 (26.67%) 6.50 

C. gigantea Fruit 90 (25.00%) 6.37 

A. melegueta Fruit 140 (38.89%) 2.57 

Control NA 0 (0.00%) 0.00 

Note NA – Not applicable 

Table 2 shows the comparisons between the ethanolic 
and aqueous extracts of each plant; there were no 
significant differences between the ethanolic and aqueous 
extract for each of the plants; C. giganteae (P = 0.767), B. 
sapida (P = 0.749) and A. melegueta (0.443. While in 
Tables 3 there was no significant difference in the toxicity 
of the ethanolic extracts of all the plants (P = 0.377), but in 
contrast there was significant difference among the 
aqueous extracts of the plants (P = 0.001) and between the 
ethanolic and aqueous groups (P = 0.028). The post hoc 
test shows that only A. melegueta had a significant 
difference (0.00) with the two other plants, which shows 
that it is most potent using Fisher’s LSD (Table 4). 

Table 2. Comparison between the ethanolic and aqueous extract for each plant  
 Levene's Test for 

Equality of 
Variances 

 t-test for 
Equality of 

Means 

    

 F Sig. t df Sig. (2-tailed) Mean Difference Std. Error Difference 
C. gigantea .089 .767 .298 70 .767 .2778 .93232 

   .298 69.963 .767 .2778 .93232 

B.sapida .103 .749 -.089 70 .929 -.0833 .93637 

   -.089 69.872 .929 -.0833 .93637 

A. melegueta .595 .443 -2.023 70 .470 -2.0556 1.01631 

   -2.023 69.796 .470 -2.0556 1.01631 
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Table 3. Comparison within each extraction medium and between the ethanolic and aqueous groups. 

  Sum of Squares df Mean Square F Sig. 

 Between Groups 32.889 2 16.444 .986 .377 

Ethanolic extract  Within Groups 1751.778 105 16.684   

 Total 1784.667 107    

 Between Groups 265.574 2 132.787 7.969 .001 

Aqueous extract Within Groups 1749.639 105 16.663   

 Total 2015.213 107    

Ethanolic versus Aqueous Between Groups 20.782 1 20.782 1.170 .028 

media Within Groups 3799.880 214 17.756   

 Total 3820.662 215    

Table 4. Post Hoc Tests for Multiple Comparisons  

 Comparison Mean Difference  Std. Error Sig. 

Duncan C - A -2.8704 0.6298 0 

 C - B -3.7002 0.6298 0.953 

 A - B 2.8333 0.6298 0 

* The mean difference is significant at the .05 level. C – 
Calotropis gigantean; A – Aframonum melegueta; B – Blighia 
sapida 

4. Discussion  

Challenges posed by high cost and development of 
resistance in many vector mosquito species to many of the 
patented synthetic insecticides have revived interest in 
exploring the pest control potentials of botanicals 
(Karunamoorthi et al., 2008; Karunamoorthi, 2012). Also, 
the tendency toward the use of “soft” pesticides was 
encouraged by the economic and environmental concerns 
about chemicals (Awad and Shimaila, 2003; Sharma et al., 
2016). 

The assessment of botanicals for the three plant extracts 
shows that the ethanolic and aqueous extracts of A. 
melegueta were the most effective for the control of A. 
gambiae larvae; this could be due to the similarity shared 
between the two extracted components of the plants based 
on the solvent type used while the aqueous extract of C. 
gigantea was the least to pose mortality. This is in line 
with the report of (Oke et al., 2001) in which the hexanolic 
extract of P. guineense kills both 77% and 95% of the 
Aedes aegypti larvae in 1hour and 24 hours respectively.  
Fafioye et al. (2004) reported that the ethanolic extracts of 
Parkia biglobosa and R. vinifera were more potent against 
the juveniles of Clarias gariepinus than the aqueous 
forms. This is due to the polarity, volatility, and its 
(ethanol) power to dissolve more of the active constituents. 
Also, the extract of Cannabis sativa (Moraceae) tested on 
Anopheles stephensi within 24 and 48hours gave LC50 of 
15.58 and 8.04ppm respectively (Maurya et al., 2007; Aina 
et al, 2009a).  

This result falls in line with the study of Ileke et al. 
(2017) who reported that the leaf and seed of A. melegueta 
were screened for their potential larvicidal and pupicidal 
properties against Anopheles species in the laboratory. 
After a 24 hrs bioassay time, larval and pupal mortalities 
increased with increase in concentration irrespective of the 
type of plant part used for the extraction while the seed 
extract showed more insecticidal effect on both larvae and 

pupae of Anopheles species.  The powder of A. melegueta 
posed high mortality in adult Sitophilus zeamais within 
24hours (LC50 of 0.398g/5g maize) (Ribeiro et al., 2017). 
The mosquitocidal effect of acetone extract of 
Cymbopogon citratus (DC). Stapf., Momordica charantia 
L., Zingiber officinale (Rof), Xylopia aethiopica (Dunl). A. 
Rich., Ocimum gratissimum L. and A. melegueta (Ros) K. 
Schum tested against the cowpea aphid, Aphis craccivora 
Koch was investigated. Extracts from Z. officinale and A. 
melegueta had the greatest effect in causing mortality of A. 
craccivora and also hindered its reproduction 
(Karunamoorthi and Ilango, 2010).  

Govidarajam and Sivakamar, 2014 reported the 
efficacy of Eeythrina indica (Lam.) on Anopheles 
stephensi, Aedes aegypti, and Culex quinquefasciatus 
larvae using hexane, benzene, chloroform, ethyl acetate 
and methanol as solvents for extraction. After 24 hrs of the 
bioassay, all the extracts showed high larvicidal effects. 

The oil extract of Citrus hystrix (Kaffir lime) oil 
exhibits highest repellency activity (95.33%) against 
German cockroach (Blattella germanica) over the oils of 
Cymbopogon winteruanus (Citronella) and Eucalyptus 
globulus (Eucalyptus) in which both had 85.00% mortality 
(Chooluck et al., 2019, while by comparison the hexane 
and ethanol extracts of Achyranthus aspera had highest 
Larvicidal potentials with LC50 value of 82.555 ppm and 
68.133 ppm over those of Cassia occidentalis, 
Catharanthus roseus, Lantana camara and Xanthium 
strumarium. 

5. Conclusion  

Although the statistical analysis revealed that the 
ethanolic extraction is better in performance, this does not 
mean that we cannot also use the aqueous form for such 
control. There is still a need to investigate the use of other 
volatile solvents to discover the unknown properties of 
these plants. Invariably, botanical insecticides may serve 
as suitable alternative to synthetic insecticides in the future 
as they are safer, easily degradable, and are readily found 
in many areas of the world (Sreedhanya et al., 2017). 
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Abstract 

Microplastics are pollutants, such as debris from human activities that contaminate several marine biotas and the 
environment. This research examined the occurrence of microplastic particles in the fish digestive tract in Ternate Island 
waters, Indonesia. The visual method carried out in the laboratory using a stereo microscope with a magnification of up to 
40x was used to identify microplastics in the intestines and stomachs of fish. After observation, the pollutants were 
systematically counted in the range of 0.3-5 mm based on color, size, number, and shape. They were also classified into: 1) 
fragments, 2) films, 3) lines/fibers, 4) foams, and 5) pellets categories. Furthermore, six types of fishes including 
Epinephelus Fuscogutattus, Epinephelus coioides, Epinephelus suillus, Siganus canaliculatus, Synanceia, and Scarus 
Psittacus were collected from four sites, Kasturian, Kampung Makasar, Mangga dua, and Kalumata between August and 
September 2019.  The results showed 183, represented by 83.18%, of the 220 reef fish individuals studied have ingested 
plastics. Moreover, a total of 594 plastic particles were found in the digestive tract of which 47.81% were fragments, 38.22% 
films, 2.69% foams, 2.36% fibers, 7.41% line, and 1.52% of 1.8 to 5 mm sized pellets. The color distribution in all locations 
include 46.80% transparent, 32.15% black, 5.56% pink, 6.06% yellow, 5.22% blue, and 4.21% red. The findings of this 
study provide the first evidence of microplastic contamination in reef fishes of the Ternate Island waters littoral zone – 
Indonesia. 

Keywords: Microplastic Particles, Reef Fish Food, Ternate Island Waters, Indonesia 

1. Introduction 

The increase in global plastic production has led to the 
pollution of oceans with 4.8 to 12.7 million metric tons 
(MMT) of plastic wastes, and Indonesia was ranked 
second among the countries with the highest contribution 
with 0.48-1.29 MMT (Jambeck et al., 2015). Microplastics 
are generally defined as plastics with a diameter less than 5 
mm formed through the decomposition of micro-plastics 
or abrasive materials used in cosmetics and detonation 
media (Barnes et al., 2009). They have the potential to 
cause damage and contaminate the marine ecosystem due 
to the continuous increase in the global production of 
plastic wastes  (Barnes et al., 2009); (Jundong Wang et al., 
2016). Microplastics also cause physical and toxicological 
damage to the marine organism (Law & Thompson, 2014) 
and threat to marine biota due to their small size which 
makes them biologically available for organisms in all 
food networks (Betts, 2008; Wick et al., 2013; Bergmann 
et al., 2015). 

 Marine fauna in the ocean such as marine 
invertebrates (Murray & Cowie, 2011), fishes (Boerger et 
al., 2010; Romeo et al., 2015; Davison & Asch, 2011), 
Zooplankton (Cole et al., 2013), Crustaceans (Goldstein & 
Goodwin, 2013) sea birds (Ryan et al., 2009), and 
mammals (Eriksson & Burton, 2003) ingest microplastics 

in the water, and this has negative effects on their health. 
The consumption of these particles reduces the eco-
physiological function of the organisms thereby causing 
physical injuries and physiological stress (Rochman et al., 
2013). In addition, microplastics are prone to 
contamination by toxic organic pollutants in water (Bakir 
et al., 2014; Rowland et al., 2016), which after being 
ingested enter the food chain to cause bio-magnification 
(Farrell & Nelson, 2013; Setälä et al., 2016).  

 The contamination of waters areas by 
microplastics has been reported in Cilacap Gulf with 2.5 
mg m3 concentration (Syakti et al., 2017), Jakarta Gulf 
(Manalu et al., 2017), and small islands in Bintan 
Regency, Kepulauan Riau Province (Syakti et al., 2018). 
The particles currently existing in the Java sea are assumed 
to have originated from the South China Sea and the 
Pacific Ocean (Handyman et al., 2019). Meanwhile, the 
microplastics found in the Spermonde Islands of Makassar 
Gulf were contaminating seagrass beds (Tahir et al., 2019) 
and Muara Jagir of Surabaya City (Firdaus et al., 2020). 
The fishes from Trichiurus sp. and Johnius sp. were also 
reported to have ingested microplastics in Pangandaran 
Gulf (Ismail et al., 2019) while other pollutions associated 
with this material have also been discovered in the 
Karimunjawa national park waters (Lie et al., 2018).   

Even though the presence of microplastics in the ocean 
is a serious threat to marine organism, residents of Ternate 
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Island of North Maluku Province-Indonesia have a habit of 
dumping plastic wastes into the sea. Previous research 
showed the Ternate Island sea is dominated by seven 
plastic types and these are 1) bottles, 2) bags, 3) glasses, 4) 
packages, 5) spoons, 6) toys, and 7) straps without any 
focus on microplastic pollution. This present research was, 
therefore, conducted to fill this gap by examining the 
presence of microplastic particles in the reef fish digestive 
tract in the littoral zone of Ternate Island waters, i.e 
Katurian, Kampung Makassar, Mangga Dua, and 
Kalumata. 

2. Method 

2.1. Study Area 

The research was conducted at Ternate Island, Maluku 
Utara Province shown in Figure. 1 which was selected due 
to the fact that 80% of its area is made of the ocean and the 
residents’ activities are predominantly centered on the 
waters. 

2.2. Tools 

The tools used include gloves, straps, scissors, ropes, 
plastic containers, a small shovel, beakers, tweezers, nails, 
glass objects, Petri dishes, fishing nets, stereo 
microscopes, and pencils Jabeen et al. (2017).  

2.3. Microplastics Separation Procedures 

The saturated salt solution used to separate 
microplastics and non-microplastics through the floatation 
technique was prepared at 1.2-1.5 g/mL concentration. The 
process involved the addition of approximately 850 mL 
NaCl into a sample bottle and left for 10-15 minutes after 
which the solution was filtered using a Wattman filter 
paper. This was followed by the placement of the filter 
paper in a covered petri dish to observe microplastic 
particles using a microscope. The procedure was in line 
with the method used by Li et al. (2016); Jabeen et al. 
(2017).  

2.4. Microplastic Visual Identification  

A visual method was used to identify microplastics in 
fish intestines and stomach. This involved the observation 
of the particles visually at the laboratory using a stereo 
microscope with magnification up to 40x after which they 
were calculated systematically in a range of 0.3-5 mm 
based on color, size, number, and shape and further 
classified based on five categories which are 1) fragment, 
2) film, 3) line/fiber, 4) foam and 5) pellet (Hidalgo-Ruz et 
al., 2012; Free et al., 2014).  

2.5. Data Analysis 

Microplastic amounts are presented as the mean values. 
Microsoft Excel software was used to calculate the 
percentage value of microplastic density data according to 
type and fish. 

Figure 2. Sample Location (Source: 
https://www.google.com/maps/; Access March 2020) 

3. Results and Discussion 

3.1. Microplastic abundance in reef fishes 

The results showed 183 individuals, represented by 
83.18%, of the 220 reef fishes examined had ingested 
plastics as shown in Table 1. The six types of fish studied 
include Epinephelus Fuscogutattus, E. coioides, E. suillus, 
Siganus canaliculatus, Synanceia, and Scarus Psittacus. 
Moreover, a total of 594 plastic particles were found in the 
digestive tract out of which 47.81% were fragment, 
38.22% film, 2. 69% foam, 2.36% fiber, 7.41% was line, 
and 1.52% pellet ranged between 1.8 and 5 mm as 
presented in Figure. 3. 

Site Kasturian 
127023'14.651'' E 
0048'18.717'' N  

Site K.Makassar 
127023'22.702'' E 
0047'42.930'' N  

 
Site Mangga Dua 
127022'51.337'' E 
0046'23.305'' N  

 
 Site Kalumata. 
127022'14.157'' E 
0045'34.773'' N  
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Table 1.  The Number of Reef Fishes that have Ingested the Microplastic Waste in Ternate Island Waters  
 

Fish Species Number of 
Samples 

Number of Fish that 
Ingested Microplastics 

Number of Microplastics based on Shape 
Total 

Fragment Film Foam Fiber Line Pellet 

Epinephelus fuscogutattus 29 23 37 32 3 5 12 0 89 

Epinephelus coioides 36 31 64 24 0 5 2 0 95 

Epinephelus suillus 65 56 60 14 3 2 17 2 98 

Siganus canaliculatus  47 35 43 67 2 2 1 1 116 

Synanceia 27 27 62 78 4 0 12 4 160 

 Scarus Psittacus 16 11 18 12 4 0 0 2 36 

 220 183 284 227 16 14 44 9 594 
 

Based on the types of fish, Synanceia was found to 
have ingested 26.94% and S.canaliculatus 19.53%. 
Moreover, 89 plastic particles were discovered in the 
digestive tract of E. fuscogutattus, 95 in E. coioides, 98 in 
E. suillus, 116 in S. canaliculatus, 160 in Synanceia, and 
36 in S.Psittacus as shown in Table 1 and Figure. 2. 

Figure. 2. Percentage of microplastic particles ingested by fish 

Figure 3. Total Percentage of Microplastic Type ingested by fish 

 
 
 
 

 

Figure. 4. The Stereo shape of microplastic; (A) Pellet (B) foam, 
C) film, (D) Fiber, (E) line, (F) fragment 

The colors of microplastic particles ingested by E. 
fuscogutattus fish were found to be transparent with 
53.93% followed by black with 26.97%, pink with 
13.48%, yellow with 3.37%, and blue and red with 1.12%. 
Meanwhile, E. coioides ingested 33.68% transparent, 
28.42% black, 13.68% blue, 15.79% red, 6.32% yellow, 
and 2.11% pink. E. suillus had 57.14% transparent, 
34.69% black, 2.04% pink, 1.02% blue, 3.06% yellow, and 
2.04% red. Moreover, S. canaliculatus ingested 58.62% 
transparent, 36.21% black, 1.72% pink, 2.59% blue, 0.86% 
yellow, and no red color was recorded. In Synanceia, 
41.88% transparent, 25.63% black, 8.13% pink, 7.50% 
blue, 14.38% yellow, and 2.50% red were recorded. 
Finally, S. Psittacus was recorded to have 19.44% 
transparent, 63.89% black, 5.56% pink, 2.78% blue, and 
8.33% red without any yellow particle as shown in Figure. 
3. The total color distribution of microplastics ingested by 
the reef fishes in all sites includes 46.80% transparent, 
32.15% black, 5.56% pink, 6.06% yellow, 5.22% blue, and 
4.21% red as shown in Figure. 4. 

A B C 

D E F 
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Figure. 5. Color distribution of microplastics ingested by five 
types of fish  

Figure. 6. Color distribution of microplastics ingested by fish in 
all locations  

4. Discussions 

The result showed the microplastic particles found in 
the digestive organelle and stomach of reef fishes in the 
Ternate Island waters littoral zone were likely from several 
plastics dumped into the ocean by humans and later 
consumed by the fishes, which later caused a disturbance 
in their food network. This is in line with the report that 
the presence of microplastics in sediments and seawater is 
caused by human activities such as waste disposal (Ng & 
Obbard, 2006). It has also been discovered that 
microplastics are not only in the coastal areas but also in 
the deepest reach of the ocean, East Atlantic Sea, Asia Sea, 
and the North Pole (Van Cauwenberghe et al., 2013; 
Lusher et al., 2014; Ivleva et al., 2017;  Wagner & 
Lambert, 2018; Jun Wang et al., 2019; Jamieson et al., 
2019;) 

 Microplastics are found by fishes at 200-478 m 
depth and ingested by zooplankton in shallow waters (Zhu 
et al., 2019; Botterell et al., 2019). It has also been 
reported that they sink and accumulate in sediments 
causing a risk in the ecological system for benthic 
communities (Vianello et al., 2013; Jun Wang et al., 
2019). Moreover, chronic exposure to microplastics is 
seldom deadly but has a bad impact on animals (Galloway 
et al., 2017) due to their ability to cause oxidative and 
pathological stresses, decrease in body immunity function, 
cancer, and a change in the chromosome which further 
leads to infertility and obesity (Sharma & Chatterjee, 
2017; Guzzetti et al., 2018).   

The microplastic colors found in the fish digestive 
organs were transparent, black, pink, yellow, and red. The 
most dominant colors were transparent and black while 
Epinephelus fuscogutattus and Synanceia fishes mostly 
had pink and yellow and Epinephelus coioides were 
observed to have ingested mainly blue and red. The data 
also showed the particles were carried by water and 
presumed to be embedded in muddy, sandy, and rocky 
substrates. However, fishes were unable to differentiate 
between food and microplastic particles in the littoral 
zone. Moreover, the predominant microplastic shape was 
the filament type due to its elongated structure and 
movement in the water. Previous studies showed the 
proportion of fish with microplastics in their digestive tract 
has increased over the last 60 years (Nadal et al., 2016; 
Pace, 2018). Moreover, transparent and colored particles 
have been reported to be dominant in fish intestines (Stolte 
et al., 2015; Hastuti et al., 2019) while blue fibers were 
found in the fish larva (Steer et al., 2017).  

5. Conclusion 

The results showed microplastic particles were found in 
the digestive tracts of E. fuscogutattus, E. coioides, E. 
suillus, S. canaliculatus, Synanceia, and S. Psittacus 
collected in four locations in Ternate Island waters – 
Indonesia littoral zone. The particles ingested were 
discovered to be fragment, film, foam, fiber, line, and 
pellet while the colors were transparent, black, pink, 
yellow, blue, and red. Therefore, further research is 
recommended to examine and evaluate the microplastic 
pollution level in deeper sea biota. The sample size should 
also be increased by including other fish types in future 
studies. For practical application, the local government 
needs to manage its coastal environment through a 
community-based approach to reduce the plastic-type 
pollution in the Ternate Island waters, Indonesia. 
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Abstract 

Plant parasitic nematodes and weeds are among the many biotic stresses that crops production suffers from during their 
growing season. Their management relies mainly on chemical pesticides. To decrease the extent of environment degradation 
and hazards to human health and livestock due to the prolonged use of these chemicals, biological control using soil 
microorganisms is considered as a new ecofriendly and efficient control method. The main objective of this work was to 
improve the inhibition of two local bacterial strains, Pseudomonas aeruginosa and Bacillus cereus, against root knot 
nematode and weed seeds germination. To achieve this goal, protoplast fusion experiments were performed to gather all their 
properties in bacterial fusants and increase production of such toxic compounds.  The results showed that P. aeruginosa was 
Rifampicin (Rif) resistance, but B. cereus was sensitive. In contrast to this B. cereus was Neomycin (Nm) resistance but P. 
aeruginosa was sensitive. A total of 40 fusants derived from the protoplast fusion experiments were selected by antibiotic 
resistance markers. SDS-PAGE analysis of the proteins confirmed that six recombinants acquired and expressed many 
specific protein bands from their parental strains. Three fusants,  No. F7, F20 and F35, were selected and evaluated for their 
nematicidal potential in comparison with their parent against root knot nematode Meloidogyne incognita J2 and Echinochloa 
crus-galli and Portulaca oleracea seeds germination during in vitro experiments. Data showed that the fusants exhibited 
more antagonistic effects than their parents. After 72hrs of exposure, the three fusants caused 80.6, 96.5 and 97.7% mortality 
as compared to control, while the % mortality after the same duration by P. aeruginosa, B. cereus singly and combined 
resulted in 52.2, 65.9 and 48.8%, respectively as compared to control. Furthermore, the three fusants completely inhibited 
the germination of P. oleracea seeds and resulted in small radicals in E. crus-galli seeds as compared to control. These 
fusants show great potential to be selected as possible potential biopesticide. 

Keywords: Protoplast fusion, SDS-PAGE, Pseudomonas aeruginosa, Bacillus cereus,  Biocontrol, Meloidogyne incognita, Echinochloa 
crus-galli,  Portulaca oleracea. 
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1. Introduction 

Plant parasitic nematodes are one of the most damaging 
and widespread pathogens that cause global losses to crop 
production with an estimated loss of $ 157 billion per year 
(Singh et al., 2015). Root-knot nematodes, Meloidogyne 
spp. especially M. incognita, has been found as the major 
limiting factor in vegetables production in tropical and 
subtropical regions.  When the infective stage (J2) 
penetrates the roots and migrates directly to the vascular 
cylinder, it causes severe root galling, reduces nutrient and 
water utilisation efficiency, and affects photosynthetic 
products (Almaghrabi et al., 2013). 

Throughout the world, weeds significantly contribute to 
reduce crop production, even more than all other pests 
combined (Adeux et al., 2019). They affect crop yield and 
quality by competing on space, nutrients, water, light and 
interfere with the distribution of fertilizers. Weed 

infestation resulted in yield losses of up to 45 % in wheat 
(Hussain et al., 2017).  Moreover, weeds act as reservoir 
for plant pathogens like nematodes, thus facilitating the 
reinfesting of crops in the next seasons (Byron et al., 
2019).  

Chemical pesticides have been used against plant 
parasitic nematodes and weeds with encouraging results 
since long, but many of these chemicals are proven to be 
carcinogens, infiltrate into ground water, build up residues 
in food plants and hazardous to the beneficial soil fauna 
and flora (Jabran et al., 2015). For more sustainable crop 
production, scientists are endorsing alternatives pesticides 
reduced toxicities. Using of non-pathogenic microbes with 
potential control activity against nematodes  and herbicide 
resistant weeds has emerged as promising solution (Sayed 
et al., 2014). One of the most promising microorganisms 
without negative effects on the users, consumers or the 
environment are Plant-Growth Promoting Rhizobacteria 
(PGPR) ( Lee and Kim 2016). They affect nematodes and 
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weeds directly through the production of toxic compounds, 
siderophores, hydrogen cyanide, antibiotic, competition for 
space and indirectly through promoting plant growth and 
induction of systemic resistance (Lakshmi et al., 2015; 
Siddiqui et al., 2003).  

     Researchers have reported that mixtures of PGPR 
strains give better protection than one strain. But in certain 
cases, the establishment of more than one microorganism 
has no synergistic effect due to their different nutritional 
and environmental requirements. Furthermore, the 
combinations considered to exhibit improved efficacy 
under one set of conditions or one host may not produce 
equally favorable results under other set of conditions 
(Schisler et al., 1997). These open the door for utilizing 
some biotechnological approaches like protoplast fusion to 
gathering more than one mechanism of controlling in one 
individual and increasing the production of such toxic 
substances or enzymes (Abdel Salam et al., 2018; Soliman 
et al., 2018; Soliman et al., 2020).  

The objectives of this study are to improve the 
antagonistic potential of such isolated bacteria using the 
protoplast fusion technique and to analyze the fusants 
products through SDS –PAGE technique. Under in vitro 
conditions, the antagonistic potential of fusants against 
root knot nematodes M. incognita J2 and E. crus-galli and 
P. oleracea weed seeds was evaluated in comparison to the 
parental types. 

2. Materials and Methods 

2.1. Bacterial strains and growth conditions 

Two bacterial strains isolated from the Egyptian soil 
had nematicidal activity against plant parasitic nematodes. 
The bacterial isolates were identified based on 16S rDNA 
sequence analysis in the GenBank database nucleotides, as 
Bacillus cereus GEs (Accession No. LC215052) and 
Pseudomonas aeruginosa (under accession number 
LC215048) (Soliman et al., 2019).  The aforementioned 
bacterial isolates were used as parent strains in the 
protoplast fusion experiment and bioassay tests. Bacterial 
strains were grown in Luria–Bertani (LB) medium (Davis 
et al., 1980) at 30 °C for 24 h with shaking at 120 r/min. 

2.2. Nematode inoculum preparation  
Cultrue of root-knot nematode M. incognita was 

established from single egg-mass of an adult female, 
previously identified by the morphological characteristics 
of the female perineal patterns (Taylor and Sasser, 1978) 
and reared on tomato plants (Lycopersicon esculentum 
Mill) cv. Alisa in the greenhouse of the Plant Pathology 
Department, National Research Centre. Nematode eggs 
were extracted from the infected tomato roots using 
NaOCl solution as described by (Hussey and Barker, 
1973).  To perform in vitro tested, eggs were allowed to 
hatch for 48 h at 30±2°C in an incubator to obtain the 2nd 
stage larvae (J2) to perform the in vitro test.  

2.3. Antimicrobial susceptibility 

Eleven antibiotics were used with final concentrations 
as follows: rifampicin (Rif), 100 μg/mL; ampicillin (Amp), 
100 μg/mL; amikacin (Amk), 30 μg/mL; streptomycin 
(Sm), 200 μg/mL; kanamycin (Km), 40 μg/mL; 
tetracycline (Tc), 15 μg/mL; chloramphenicol (Cm), 35 
μg/mL; gentamicin (Gm), 15 μg/mL; polymyxin (Pmx), 50 

μg/mL; neomycin (Nm), 40 μg/mL; and erythromycin 
(Erm), 20 μg/mL. The Kirby–Bauer disc diffusion method 
for antimicrobial susceptibility test was followed (NCCLS, 
1999). 

2.4. Growth conditions and protoplast formation 

Cultivation of Bacillus cereus and Pseudomonas 
aeruginosa was carried out in 250 ml flasks containing 70 
ml of LB medium. Flasks were incubated for 24 hr. at 
30oC with shaking at 120 rpm. Cells were harvested at the 
mid-point of the log phase by centrifugation at 5000 rpm 
for 10 min and washed once with 1% N-laurylsarcosine. 
This was followed by washing three times with osmotic 
stabilizer buffer. The bacterial cells were then pelleted by 
centrifugation. Lysozyme was dissolved in osmotic 
stabilizer buffer to a final concentration of 15 mg/ml, 
sterilized by 0.2µm millipore filter. Lysozyme was then, 
added to the cell pellets at final concentration of 1/10th the 
volume and mixed thoroughly to make the suspension. The 
resulting mixture was incubated at 37oC for 4h. The viable 
protoplast were counted by spreading appropriate dilution 
onto LB medium solidified by adding 2% agar, where all 
inviable protoplasts were lysed and only the intact 
protoplast will grow after incubation according to 
(Soliman et al., 2020; Mohamed et al., 2016).  
2.4.1. The microscopic examination of the protoplasts 

Aliquots (1.0 ml each) of the parental protoplasts were 
mixed in 25% PloyEthylene Glycol (PEG) 6000 and 100 
mM CaCl2 and incubated for 2 h  at 30oC. Aliquots of 100 
µl from the mixture were prepared at 10 min intervals and 
diluted 10 times in protoplasting buffer. A total of six 
fusants were obtained after 2h of fusion time on selective 
medium containing antibiotics Neomycin (Nm)  and  
Rifampicin (Rif). 
2.4.2. Regeneration of protoplast  

The protoplasts in the reaction mixture were collected 
by centrifugation at 3000 rpm for 10 min. The precipitate 
was washed with Tris-HCl buffer with an osmotic 
stabilizer and the resulting precipitate was re-suspended in 
the same buffer. Protoplast suspension was diluted and 
overlaid on the LB medium solidified by adding 2% agar. 
(Mohamed et al., 2016).  

2.5. SDS–PAGE protein analysis 

The parental and fusant strains were grown in 
suspensions following the method of (El-Kawokgy et al., 
2015). SDS–PAGE 12.5 %, was done according to the 
method of (Laemmli, 1970) to compare the products 
secreted by the parental strains and those secreted by 
fusant strains. After size fractionation, the proteins were 
visualized by staining with Coomassie Blue R-250 dye. 
The gels were scanned using Gel Doc 2000 system, and 
molecular masses were determined using Total Lab 
version 1.10 software based on protein marker purchased 
from Biomatik Corporation (Wilmington, Delaware, 
USA). 

2.6. Bioassay Tests 

2.6.1. Efficiency of the nematicidal effect of three fusants 
in comparison with their parents P. aeruginosa and B. 
cereus against M. incognita JR2 

      To evaluate the nematicidal activity, Petri dishes 
6cm in diameter were supplied separately with 4 ml  cell 
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suspension of P. aeruginosa and B. cereus singly and 
combined and three fusants (No. F7, F20 and F35), then 
added one ml water containing 100 ± 5 freshly hatched M. 
incognita juveniles.  Three concentrations were used and 
standard (S), S/2 and S/4 concentrations were prepared 
using distilled water. Each ml from standard containing 
(2 × 106cfu/ ml) Five ml distilled water containing 100 ± 5 
freshly hatched M. incognita juveniles served as control. 
All preparations and the control were replicated in five 
times. All dishes were kept in incubator at 35°C and 
loosely covered to permit aeration and lessen evaporation. 
Number of survived and dead individuals was counted for 
three days. After the exposure periods, the nematodes in 
each treatment were transferred to distilled water and left 
for 24 hrs to see whether immobile nematodes resumed 
activity or not. The J2 mortality (%) were assessed as 
compared to the control according to Mortality%= [C1-
C2/C1] x100, where C1 is the number of live nematodes 
larvae in control treatment and C2 is the number of live 
nematodes larvae in other treatments.  
2.6.2. Examine the inhibitory effects of P. aeruginosa and 
B. cereus as parental strains and their fusants on 
germination and growth of P. oleracea and E. crus-galli 
weed seeds during in vitro analysis   

      Seeds of targeted weeds were surface sterilized by 
immersing in 95% ethanol for a few seconds (3–4 s). After 
surface sterilization with 5% ethanol, seeds of targeted 
weeds were washed with sterilized distilled water several 
times to remove sterility. Filter paper was soaked with 3 
ml of bacterial suspension (containing approximately 
(2 × 106 cfu/ ml) from P. aeruginosa and B. cereus as 
parental strains and the fusants No. F7, F20 and F35, were 
placed separately on Petri dish. Ten sterilized seeds from 
each weed species were placed separately in Petri dishes 
then incubated at 25oC. For control, ten seeds from the two 
weed species were placed separately on filter paper soaked 
with 3 ml of sterile water. Each treatment was replicated 
three times. Ten days later, germination of shoots and root 
lengths were observed.  

3. Results 

3.1. Bacterial strains and antibiotic susceptibility 

Isolation of antibiotic genetic markers from P. 
aeruginosa and B. cereus was necessary for their 
manipulation. Data in Table 1 showed that P. aeruginosa 
was Rifampicin resistant and Neomycin sensitive in the 
contrary, B. cereus was Neomycin resistant and 
Rifampicin sensitive. Thus, Rifampicin and Neomycin 
were used as genetic markers for fusion products from the 
two strains. 

Table 1. Antibiotics susceptibility of P. aeruginosa and B. cereus. 

Bacterial strains  Antibiotic resistance 

Nm Rif 

Pa (Rif P

r
P) --- +++ 

Bc (NmP

r
P) +++ --- 

 Pa = P. aeruginosa, Bc = B. cereus     +++: = Very good growth     

 ---: = no growth    Rif = Rifampicin    Nm = Neomycin   

3.2. The microscopic examination of the protoplasts  

The protoplast formation between the two selected 
strains, P. aeruginosa and B. cereus were tested 
periodically by microscopic examination. A total of six 
fusants were obtained after 2h of fusion time on selective 
medium containing the two antibiotics Nm and Rif as 
shown in (Figure 1).  

    

Figure 1. The microscopic examination of the protoplasts of the 
two parental strains P. aeruginosa and B. cereus   (A) Protoplast 
formation .(B) Protoplast fusion 

3.3. Fusants isolation 

Neomycin (Nm) and Rifampicin (Rif) were added in 
LB medium as selective genetic marker, and only the 
fusants having combined the two selected isolates will 
grow in this media. Forty single colonies were randomly 
selected and retested for their ability to grow on the 
selective media.  The fusants' growth  was detected as 
follow: Six fusion products exhibited strong growth (F4, 
F5, F7, F15, F20 and F35), while forty fusion products 
showed weak growth and no growth in twenty single 
colonies refer to no fusion products. 

3.4. Expression of the parental strains protein bands in 
their fusants 

The SDS-PAGE protein patterns of the two parental 
strains B. cereus and P. aeruginosa and fusants are 
presented in (Figure 2). SDS-PAGE analysis of the total 
proteins of the two parental strains revealed a total of 11 
and 12 protein bands, respectively. The molecular weights 
of parental strains ranged from 7 to 179 kDa. While the 
fusants showed a variable number of protein bands ranging 
from 11 in four fusants to 7 in one fusant (Table 2). 
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Figure 2. SDS-PAGE protein profiles of the two parental strains; P. arugenosa and B. cereus and their fusant (F). M is the protein marker 
(Biomatik Corp, (Wilmington, USA) with nine molecular weight bands (kDa). 

Table 2. SDS-PAGE analysis of total proteins of the two parental strains P. aeruginosa and B. cereus and six of their fusants. 

Band No. MW KDa Parental strains Pa :: Bc fusants 
 MW Pa Bc F4 F5 F7 F15 F20 F35 
1 179 +  + + + + + + 
2 160 +  + +  + + + 
3 141  • • • • • • • 
4 126 +  + + + + + + 
5 116 +   + + + + + 
6 109  • • • • • • • 
7 100  • • • • • • • 
8 92 +   + + + + + 
9 83 +  + + + + + + 
10 76 +    + + + + 
11 67  • • • • • • • 
12 57  •  • • • • • 
13 48  • •  • • • • 
14 39 +  + + + + + + 
15 32 +   + + + + + 
16 28  • • • • • • • 
17 24  • •  • • • • 
18 19  • •  • • • • 
19 15  • • • • • • • 
20 13  • • • • • • • 
21 11 +  +  + + + + 
22 8  • • • • • • • 
23 7 +  + + + + + + 
Total no. of protein bands 11 12 18 18 22 23 23 23 
Numbers of Pa bands 
expressed in fusants  7 9 10 11 11 11 

Pa bands (%)  38.8 50 45.5 47.8 47.8 47.8 
Numbers of Bc bands 
expressed in fusants  11 9 12 12 12 12 

Bc bands(%)  61.2 50 54.5 52,2 52.2 52.2 
 (+) Refers to presence of protein band of Pa . (•) Refers to presence of protein band of Bc 

The highest number of P. aeruginosa bands (11 bands) 
was displayed in 3 fusants, while the lowest number (7 
bands) was shown by F4. The total P. aeruginosa 
expressed bands in the rest of the fusants were classified in 
ascending order as follows: 9 bands in F5, 10 bands in F7, 
11 bands in F15, F20 and F35 fusants. On the other hand, 
variable number of protein bands of B. cereus was shown 

in the fusants. The highest number of B. cereus (12 bands) 
was displayed in 4 fusants, while the lowest number (9 
bands) was revealed by F5 fusant.  The 6 fusants were 
characterized based on the absence and presence of the 11 
P. aeruginosa protein bands. A total of 11 P. aeruginosa 
protein bands with different molecular weights were 
expressed in all the 6 fusants. The presence of the 
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remaining 11 bands was distributed in descending order as 
follows: five bands with molecular weights of 179, 126, 
83, 39 and7kDa, and five bands were molecular weights 
160, 116, 92, 32 and 11kDa, and one band with molecular 
weights 76kDa existed in four fusants, respectively.  

      The 6 fusants were characterized based on the 
absence or presence of the expression of the 12 B. cereus 
protein bands. A total of 8 protein bands with different 
molecular weights were found in all fusants. The presence 
of the remaining 8 bands was distributed in descending 
order among the 6 fusants as follows: each of the eight 
bands with molecular weights of 141,109,100,67,28,15,13 
and 8kDa was displayed in 6 fusants, while 4 bands with 
molecular weights of 57, 48, 24 and 19kDa were detected 
in 5 fusants.  

3.5. Bioassay tests 

3.5.1.  The nematicidal potential of P. aeruginosa and B. 
cereus parental strains and     their fusants against M. 
incognita J2 under laboratory conditions 

As illustrated in (Table 3), the bacterial strains under 
investigation had a lethal effect on M. incognita J2 as 
detected by the percentage mortality when compared to 
control. The reduction in the movement was irreversible, 
and the mortality of the juveniles was confirmed when 
they were transferred to distilled water for 24 hrs.  
Nematode mortality was positively correlated with 
suspension concentration and times of exposure. Fusants 
were more effective than their parent singly or combined. 
The fusant F35 had shown a strong nematicidal activity 
against M. incognita J2. The recorded percentages 
mortality as compared to control were 97.7%, 90.9% and 
86.3% for S, S/2 and S/4 concentration respectively, after 
72hrs of exposure (Table 3). 

Table 3. The nematicidal potential of P. aeruginosa and B. cereus and their fusants on mortality of M. incognita juveniles  under laboratory 
conditions. 

Bacterial strains 
 

Percentage mortality at different exposure periods 

S                                         S/2                                     S/4 
24hrs 48hrs 72hrs 24hrs 48hrs 72hrs 24hrs 48hrs 72hrs 

Pa 7c 28.4d 52.2d 2e 25.2c 35.2e 0 c 10.5c 14.7e 
Bc 10c 46.3c 65.9c 5d 10.5d 43.1d 1c 5.2cd 20.4d 
Pa+Bc 8c 44.2c 48.8d 2e 5.2e 28.4f 0c 4.2d 17.1de 
F 7 29b 48.4c 80.6b 18c 36.8b 62.5c 10b 25.2b 48.8c 
F 20 40a 70.5a 96.5a 27a 56.8a 79.5b 20a 31.5a 71.5b 
F 35 30b 55.7b 97.7a 22b 37.8b 90.9a 10b 25.2b 86.3a 
Control --- --- --- ----- ----- ----- ----- ----- ---- 
Pa=Pseudomonas aeruginosa   Bc= Bacillus cereus  F= fusant  S= Standard concentration Averages followed by same letter(s) are not 
significantly (P ≤ 0.05) different according to Duncan'sMultiple Range Test

3.5.2. Evaluation of the inhibitory effects of P. aeruginosa 
and B. cereus and three fusants on germination of P. 
oleracea and E. crus-galli weed seeds under laboratory 
conditions  

All bacterial suspensions completely inhibited seeds 
germination of P. oleracea as compared to control. P. 
oleracea seeds were swollen in size but did not germinate 
in a response to all bacterial suspensions (parents and 
fusants). However, no radicle growth was observed in 
plates, while E. crus-galli seeds were less influenced than 
P. oleracea seeds. The seeds germinated with small radicle 
as compared to control.  It is worthy to mention that both 
parents and fusants retard E. crus-galli germination. 
Moreover, fusants suspensions inhibited the weed 
germination more than parents suspension. 

4. Discussion 

Protoplast fusion of two parental Pa and Bc strains was 
expressed in the 6 selected fusants. SDS–PAGE proteins 
indicated  that some parental protein bands expressed in all 
fusant strains this study agree with (Khan et al., 1998), 
who studied the whole cell protein profiles of 42 strains of 
P. aeruginosa, isolated from clinical samples, using the 
SDS-PAGE method and reported the presence of protein 
bands, ranging from 340kDa to 14.3kDa. On the basis of 
Dice Index of similarity, the strains could be grouped into 
20 types. Protoplast fusion has been glorified as the 
method adequate for a new type and good reproducibility. 

The present study demonstrated that biocontrol of M. 
incognita J2 could be effectively achieved using P. 
aeruginosa, B. cereus strains and their fusants. These 
rhizobacteria appear to suppress root knot nematode via 
different mechanisms. Oka et al., (1993) reported that 
ammonia was exited during protein degradation by B. 
cereus improving its nematicidal activity. Xioa et al., 
(2018) mentioned that the extracellular metabolites like 
protease, chitinase, and siderophore in B. cereus cell free 
supernatant significantly increase the mortality of M. 
incognita J2 and decrease egg hatching. Chen et al., (2015) 
mentioned that P. aeruginosa can kill nematodes via the 
production of hydrolytic enzymes, like protease and 
diffusible toxins like cyanongen, phenazines, and 
pycoyanin which degrade nematode cuticle and inhibit 
metabolic pathways. In addition, P. aeruginosa has the 
ability to produce hydrogen cyanide which is responsible 
for killing nematode (Patil, 2014).   

Moreover, the present study indicated that 
rhizobacterial strains remarkably reduced the germination 
of P. oleracea and E. crus-galli seeds. These are in 
accordance with the previous studies of (Sardar et al., 
2020) who reported that bacteria inhabiting plant 
rhizospheres could be applied as a biocontrol agent to 
control weeds associated with rice plants. Also, (Carvalho 
et al., 2007) found that B. cereus produced at least two 
phytotoxins which acted a vital role in the production of 
sodium vanillate and 2-aminobenzoic acid which inhibit 
lettuce seedling. (Patil, 2014) confirmed the ability of P. 
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aeruginosa to produce the toxic secondary metabolite 
hydrogen cyanide inhibiting the enzymes involved in plant 
respiration, carbohydrate metabolism, CO2 and nitrate 
assimilation. Lakshmi et al., (2015) mentioned that seed 
bacterization with P. aeruginosa caused reduction in shoot 
and root length of P. oleracea and A. spinosus weed 
seedlings.  

Our results illustrate that fusant products were more 
efficient in killing M. incognita JR2R and inhibiting 
germination of seeds weed than their parents. Fusants 
produced more toxins, antibiotics, and lytic enzymes than 
the parents, according to (Zaied et al., 2009), who 
discovered that fusion between Serratia spp. and 
Pseudomonas spp. produced more chitinases and 
bacteriocin than the parents, resulting in high mortality 
levels in nematodes when compared to the parental 
strains.. Elkylany, (2017) mentioned that fusants from 
Anoxybacillus flavithermus and B. pumilus were more 
effective in killing M. javanica JR2R than their parent, and 
Abdel Salam et al., (2018) discovered that a higher level of 
chitinase production in the fusants between B. 
amyloliquefaciens subsp. plantarum SA5 and 
Lysinibacillus sphaericus Amira than the parents resulted 
in higher nematode mortality..  

5. Conclusion 

We are focusing here on genomics and genetic 
engineering techniques as helpful tools for developing 
more powerful biocontrol agents. The efficacy of 
nematode and weed seeds suppression by tested materials 
depends on the toxic compound released from these 
organisms. The obtained fusants from the two local 
bacterial P. aeruginosa and B. cereus showed high 
efficacy against M. incognita JR2R and 46TE. crus-galli and 46TP. 
oleracea seeds germination because they produced more 
toxins, antibiotic, lytic enzymes than the parent strains. 
These new strains show great potential to be formulated as 
an effective biopesticide.  
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Abstract 

Smoking is a risk factor for cardiovascular disease. Notably, it is associated with endothelial progenitor cells (EPCs) 
dysfunction. It also influences the shift of the EPCs mobilisation from bone marrow. We hypothesized that smoking could 
induce a premature associated senescence phenotype on the circulating population of EPCs, which may contribute to the 
default of recovery endothelial injury. Peripheral Blood Mononuclear Cell (PBMC) samples were collected from 30 smokers 
at least for five years and 31 healthy subjects (non-smoker) as control. CD117+ and CD133+ cells were confirmed as the 
population of endothelial progenitor cells. Those marked cells with SA-β galactosidase were quantified as senescence 
phenotype. Then, FACS assessed the targeted cells. The average concentration of CD133+/CD117+ was 0.05% (±0.03) for 
smoker subjects and 0.03% (±0.02) for non-smoker (p< 0.05). Almost all of the EPCs population (98.33±3.53%) in the 
smoker group expressed SA-β gal positive cells (p<0.001). Thus, this study suggests that smoking is associated with a 
significant elevated premature senescence of EPCs, which may contribute to diminished bioavailability of mature EPCs of 
the smoker, reducing the potency of vascular maintenance and repair. 
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1. Introduction 

Endothelial progenitor cells (EPCs) effluxed from bone 
marrow (BM) in response to various molecular signalling 
pathways.   The EPCs population is around 0.0001 in the 
blood circulation (Tagawa et al., 2015; Zhao et al., 2016). 
EPCs are required for the repair of the endothelium when 
endothelial injury or dysfunction. Regenerative potential to 
repair endothelial injury is carried out only by mature 
EPCs. Mobilization of population endothelial progenitor 
cells from BM is the initial stage of maturation or 
differentiation of various cell types, including EPCs (Hur 
et al., 2004; Zhang et al., 2014; Tagawa et al., 2015; Zhao  
et al., 2016). Hematopoietic progenitor cells are 
characterized by CD117 and CD133 surface markers (Hur 
et al., 2004; Gargett et al., 2009). Changes in the number 
of hematopoietic progenitor cells in the blood circulation 
affect the availability of mature EPCs. Various factors that 
modulate endothelial dysfunction also induce dysfunction 
of EPCs and induce the reduction in circulating EPCs (Hur 
et al., 2004; Zhang et al., 2014; Tagawa et al., 2015; Zhao 
et al., 2016). 

The senescence of the human cell is considered an 
essential hallmark of the ageing process (Honn et al., 
2017). Ageing is a complex phenomenon associated with 
increasing age or the accumulation of long-term oxidative 
stress exposure. Cells characterised as senescence are 

recognised viable, but they cannot perform a functional 
role due to cell cycle arrest for a certain period; 
meanwhile, the disrupted factor exposure remains 
constant. Senescence markers were identified as 
intracellular specific changes, such as increased 
senescence-associated β-galactosidase activity (SA-β-Gal). 
The SA-β-ga is a marker widely used to identify 
senescence in cells and tissues (Young et al., 2009; Kurz et 
al., 2000; Lee et al., 2006). 

Smoking is an established risk factor for cardiovascular 
disease (CVD) (Kaplan et al., 2017). Tobacco smoke 
contains more than 4720 compounds, including well-
known harmful chemicals such as polycyclic aromatic 
hydrocarbons, free radicals, and oxidative gases (Yao et 
al., 2008; Rafacho et al., 2011). Smoking might become a 
habit due to the addictive property of nicotine 
(Kumboyono et al., 2020). Nicotine induces the 
mesenchymal (MSC) biological function because of its 
underlying cause of various diseases. But, researchers have 
argued this phenomenon due to the limited study (Huertas 
et al., 2010; Kumboyono et al., 2020). Several studies 
claim that smoking significantly inhibits the regenerative 
potential of MSC and has been implicated in the early 
degeneration of mesenchymal tissue (Greenberg et al., 
2017). This study investigates the effect of smoking 
exposure on EPC’s biological changes in vivo, further 
exploring the consequence of smoking-mediated 
premature senescence in the EPCs population. 
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2. Methods 

2.1. Research design  

The study was a cross-sectional study with a simple 
random sampling technique—informed consent was given 
to collect peripheral blood from each participant. 
Participants were divided into two groups; current smokers 
are participants who smoked >10 cigarettes/day for five 
years ago (n=30), and participants who had never smoked 
were considered in the control group (n=31). The 
participant's inclusion criteria included; having no history 
of diabetes mellitus, hypertension, and coronary arterial 
disease, ideal weight, maintaining physical exercise with 
medium intensity three times a week. Laboratory analysts 
were blinded to smoking status during data collection and 
analysis. 

2.2. Collection and Isolation of PBMC  

Peripheral blood (5 mL/subject) was drawn by a 
heparinized venous puncture method at the forearm. 
PBMC isolated by density gradient centrifugation 
(catalogue#07801/07811, LympoperpTM, Germany) with 
a density of 1.077 g/mL) as previously reported (Shi et al., 
1998; Masuda et al., 2014; Beyth et al., 2015). 
Mononuclear cells were collected, and the remaining 
erythrocytes lysed. CD133+ and CD117+ marked cells 
were purified by FACS auto-separator, using fluorescence 
anti-human CD133 APC-conjugated antibody monoclonal 
mouse IgG2A clone #170411 [FAB no.cat 11331A] and 
PE anti-human CD117/c-kit [Biolegend; no.cat. 323408]. 

2.3.  Flow cytometry  

Freshly isolated PBMC subjected to flow cytometry to 
detect surface antigen of EPC. The collected cell were 
resuspended with incubation buffer (0.5 g bovine serum 
albumin in 100 ml 1X PBS, stored at 4°C). Aliquot made 
in 1 x 106 cells/100 µl/tube. Suspended were cells 
incubated in 10 µl CD133 and 5 µl CD117 by 100 µl 
staining volume at room temperature for 20 minutes. The 
stained cells were washed with PBS/1% BSA three times, 
resuspended in 0.5 ml PBS/1% BSA/propidium iodide (PI; 
Sigma). Flow cytometric profiles were obtained using 
FACS BD flow cytometer and Cell Quest software 
(Becton Dickinson Immunocytometry Systems, Mountain 
View, CA).  

2.1.  SA-β galactosidase assay 

Senescence-associated beta-galactosidase (SA-β gal) 
activity was detected using Cell EventTM Senescense 
Green Flow Cytometry Assay Kit (Invitrogen; C10841) 
following the manufacturer’s protocol (Thermo Fisher 
Scientific Inc.).  

2.2. FCM analysis  

The scatter diagram of each PBMC population in an 
individual is gated into a cell-sized population of 
lymphocytes, monocytes, and the other larger cells. The 
percentage (%) of the marker positivity (+) obtained from 
the EPCs population on each gate compared to the total 
cells in 3 gates.  

2.3. Ethical Clearance  

This experimental design has been fulfilled and 
approved by the Ethics Committee of Faculty of Medicine, 

Brawijaya University, Malang, Indonesia, by registered 
number: 1206-KEP-UB/2019. 

2.4. Statistical Analysis  

The percentage of targeted cells in each group was 
analysed using SPPS v.23 in value ± standard deviation. 
Student t-test was used to compare the means between 
groups. A p-value ≤ 0.05 is statistically significant and 
indicates strong evidence against the null hypothesis.  

3. Result 

3.1. Smoking induced the enrichment of circulating 
CD117+ cells 

Cell population that was positively selected from 
PBMC consists of 0.33% – 3.25% CD117+ cells and 
0.15%-0.31% CD113+ cells (Figure 1), indicating the 
efficacy of the isolation method. The smoking group 
showed the enrichment of CD117+ cells compared to non-
smoker (10 fold in CD117+ cells; Table 1). The average 
concentration of CD117+ cells in the current smoker group 
(3.24% ± 1.6) was significantly higher than in the non-
smokers’ group (0.33% ± 0.07) (p<0.001). 

3.2. The decrease of CD113+ cells in the current smoker 
group compared to the non-smoker group 

The proportion of CD113+ cells of the current smoke 
group was 50% lower than the non-smoker group. 
Population of CD133+ cells in non-smokers (0.31% ± 0.3) 
was significantly higher than in smokers (0.15% ± 0.01) 
(p<0.05) (Table 1). 

3.3. Smoking increased the hematopoietic progenitor 
cell population compared to the non-smoker group 

Based on fluorescent cell sorting, large hematopoietic 
progenitor cells were proportionally found in PBMC of the 
current smoker group (0.05% ± 0.03) than the non-smoker 
group (0.03% ± 0.02) (p<0.05) (Table 1).  

3.4. The SA-β-galactosidase-expressed Hematopoietic 
Progenitor Cells elevation in the smoker group 

In this study, the EPCs biological phenotype was evaluated by 
SA-β-galactosidase expression as a premature senescence 
hallmark. The senescence cells increased significantly in the 
current smoker group (98.33% ± 3.53). On the other hand, 
negative marked SA-β galactosidase cell in non-smoker group 
was significantly higher (55.51% ± 34.96) than in the current 
smoker group (p<0.001) (Table 1). Thus, it indicates that the 
premature senescence of EPCs increased due to the stress effect of 
smoking.  

Table 1. Diversity of circulating progenitor cell populations in the 
smokers and non-smoker groups 

Data shown are the mean ± SD; Significant value p< 0.05*, 
p<0.001** 

Marker (% gate) 
Circulating Progenitor Cell 

t-test Smokers 
[n=30] 

Non-smokers  
[n=31] 

CD133+ 0.15 ± 0.01 0.31 ± 0.3 0.011* 
CD117+ 3.24 ± 1.63 0.32 ± 0.07 0.000** 
CD133+/ CD117+ 0.05 ± 0.03 0.03 ± 0.02 0.036* 
CD133+/ CD117+ / SA-β gal.+ 98.33±3.52 55.51 ± 5.10 0.000** 
CD133+/ CD117+ SA-β gal.- 1.67±3.53 45.40 ± 3.35 0.000** 
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Figure 1. Cytometric analysis of cells that were positively CD133, CD117, and SA-β-galactosidase of each group. The investigated cell 
surface markers were hematopoietic progenitor cells (PE-CD117+, APC-CD133+). (A) CD133+ in non-smoker group; (B) CD117+ in non-
smoker group; (C) CD133+ in the smoker group; (D) CD117+ in the smoker group; (E) CD133+/CD117+ cells on non-smoker group; (F) 
CD133+/CD117+ cells on smoker group were higher than a non-smoker group; (G) senescence scatter plot gate which confirmed with SA-β-
gal in non-smoker group; (H) senescence scatter plot visualization in the smoker group—representative analysis for one out of 61 PBMC 
samples. 

4. Discussion 

Reparative activity by EPCs has been declared in much 
research as a good advantage in both clinical approach and 
laboratory-based research. Still, it hasn't answered the 
remaining questions regarding the comprehensive 
framework of EPCs and their maturation in blood 
circulation. Based on their origin, bone marrow-derived 
EPCs biology is considered the source of EPCs and their 
differentiation through the vascular system. In this study, 
we used and compared different smoking habits that might 
exhibit different visualizing of biology EPCs. 

The present study aimed to investigate EPCs viability 
through the premature senescence phenotype, confirmed 
by CD133+ /CD117+. Our finding showed that the 
premature senescence of EPCs and increased SA-β-
galactosidase-expressed hematopoietic progenitor cells 
population in the smoker group. These results suggest that 
the elevation of EPCs mobilization from bone marrow 
modulated by smoking to compensate responses due to the 
increase of the senescence cells.  

Nicotine is the primary addictive component of 
tobacco. It is a highly toxic compound that exerts its 
effects on almost every organ and system in the body. 
Nicotine exposure in vitro induced cell death (about 50%) 
in the MRC-5 cell line (Vajravelu et al., 2015). It also 

demonstrated that smoking also induces premature 
senescence in EPCs due to the effect of nicotine exposure. 
So, our result is in line with studies that investigate the 
cytotoxicity of tobacco compounds.  

Analysis of aged stem cells in various tissues leads to 
common effectors and signalling pathways that contribute 
to stem cell dysfunction in response to toxic metabolites. 
Reactive oxygen species (ROS) that generated from 
electron ‘leak’ during mitochondrial oxidative 
phosphorylation plays fundamental roles in perturbed stem 
cell function leading to ageing (Takubo et al., 2013; Harris 
et al., 2013; Yu et al., 2013; Oh et al., 2014; Vlasceanu et 
al., 2018). In this study, the induction of actin filament 
reorganisation after a long time of nicotine exposure can 
be attributed to elevated cell senescence. Acrolein and 
other gas-phase oxidants in cigarette smoke remain stable 
in blood and thus are capable of acting directly on the 
vascular cells through impairs nitric oxide (NO)-mediated 
cell function (Bluhm et al., 1971; Barnova et al., 2005; 
Chung et al., 2005; Witschi et al., 2005; Mossman et al., 
2006; Pervaiz et al., 2009; Lennartsson and Ronnstrand, 
2012). 

Smoking can trigger the ROS production enriched in 
both the gaseous and particulate components of smoking 
(Bluhm et al., 1971; Barnova et al., 2005; Kaplan et al., 
2017). Alteration in ROS production due to cigarette 
smoking has a drastic effect on the host immunity through 
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increasing the production of pro-inflammatory cytokines 
such as interleukin-8 (IL-8) and tumour necrosis factor-
alpha (TNF-α) (Chung et al., 2005; Witschi et al., 2005). 
The data demonstrate the elevated circulation of 
circulating CD117+ cells in the smoker group, confirming 
the statement that expansion in CD117+ cells considered to 
the process of lineage diminished ability to self-renew, 
occurs in synergy with other cytokines and risk-factor 
(Mossman et al., 2006) 

Surface protein CD117 plays a vital role in regulating 
survival, maintenance, self-renewal, and endothelial stem 
cell re-endothelization (Mossman et al., 2006). In addition, 
our study reports that oxidative stress-mediated by 
smoking-induced imbalance redox signalling for cellular 
senescence (Höhn et al., 2017). Also, our results showed 
that environmental stimuli could regulate stem cell 
function (Lennartsson and Ronnstrand, 2012; Ren et al., 
2017). High premature senescence EPCs in the smoker 
group of this study impacted the availability of mature 
EPCs in circulation. The maturation of EPCs in blood 
circulation is the result of the differentiation of bone 
marrow-derived EPCs marked by current-EPCs that 
gradually disappeared and were replaced by endothelial 
cell markers. This EPCs senescence might be considered 
EPCs dysfunction, which is the cause of repair endothelial 
dysfunction failure due to oxidative stress (Tousoulis et 
al., 2008; Cruciani et al., 2020). 

The oxidative stress from smoking influences the 
cardiovascular system in two ways; by directly delivering 
free radicals to the vascular system and consuming 
antioxidants that would generally be available to protect 
against endogenous free radicals occurring from the 
respiratory process. DNA damage in mitochondria induced 
from oxidative stress in smoking might influence the 
checkpoint phase and result in the cell cycle arrest 
(Ambrose and Barua,2004; Lennartsson and Ronnstrand, 
2012; Ren et al., 2017). The latest report showed that 
EPCs stem cells exhibit a series of these age-related 
changes that could trigger cell dysfunction/death and, in 
turn, a progressive decline in regeneration capacity 
(Koyuncu et al., 2015) 

5. Conclusion  

This research finding showed that smoking increases of 
EPCs premature senescence. This knowledge is essential 
for improving senescent cells' identification and 
characterization in vivo and developing rational strategies 
to modulate the senescence program for therapeutic in 
high-risk CVD populations. 
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Abstract 

The mammalian epididymis is an important tubular epithelial structure with key functions in spermatozoa maturation and 
storage. There is a dearth of information on age-related changes in the light microscopic details of the epididymis in cane rat. 
This study evaluated light microscopic changes in the epididymis of different age groups of the African greater cane rats 
(AGCR) using histological, histochemical, and histomorphometric techniques. Twenty (20) African greater cane rats were 
used for this study. The rats were randomly assigned into 4 groups of 5rats each as i. prepubertal (≤4 months), ii. pubertal 
(>4≤12 months), iii. adult (>12≤30 months) and iv. aged (>30 months). Sequel to intra-cardiac perfusion with fixative (10% 
buffered formalin), routine histology, and histomorphometry using GIMP2 Software was carried out on the processed 
epididymal tissues. Also, the glycogen and connective tissue content of the epididymis of each group was demonstrated 
using Periodic-Acid Schiff and Masson Trichrome stains, respectively. The epididymis was lined by simple cuboidal 
epithelium in prepubertal compared to the pseudostratified columnar cells observed in others. Both Periodic-Acid Schiff and 
Masson Trichrome intensities were significantly higher in pubertal and adult rats relative to others. Histomorphometric 
parameters displayed a progressive age-related increase across the groups of cane rats. These sets of data could probably be 
associated with reproductive quiescence in the prepubertal and remarkable vigor more particularly in the adult cane rats 
investigated. Consequent upon this, adult cane rats are recommended for optimal breeding.   
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1. Introduction 

The mammalian epididymis is an important epithelial 
tube with prime functions of spermatozoa maturation and 
storage (Cornwall, 2009). Morphologically, epididymis 
was originally thought to be divided into three distinct 
regions (segments): the caput which is situated at the 
testicular cranial pole, the corpus found by the side of the 
testes and the cauda segment occupying the caudal pole of 
the testis (Hermo, 1995). The epididymis was later 
discovered to contain an additional segment, the initial 
segment, especially in the rat (Hermo et al., 1991; 1998). 

The epididymal histoarchitecture has been observed to 
be divided into segments and zones by connective tissue 
stroma and typified by epithelial compositions with 
different cell types (principal, basal, apical, clear, and halo 
cells) of diverse functions (Robaire et al., 2006). In terms 
of cell population on the epididymal epithelium, the 
principal and basal cells constitute the major cells while 
the remaining cells on the epididymal epithelium are 
regarded as accessory cells (Agnes and Akbarsha, 2001). 
Studies on different mammalian species have identified 
several other slight histo-architectural differences such as 
additional zones and segments along the ductus 

epididymal length (Jones et al., 1979; Oke, 1989; Adebayo 
and Olurode, 2010). 

The ductal diameter, epithelial height, parenchymal cell 
types and their distribution differ in the various segments 
of the mammalian epididymis (Akbarsha et al., 2015). The 
epididymal epithelial thickness has been established to 
vary along the tubule being thickest at the proximal caput 
and thinnest at the caudal region (Arrotéia et al., 2012). In 
most mammals, the proximal to the distal segment of the 
epididymis usually has a progressive increase in luminal 
diameter and periductal muscle coat thickness (Lasserre et 
al., 2001). Also, spermatozoa concentrations are usually 
scanty in the initial segment but are largely concentrated in 
the lumen of the cauda epididymal region (Yanagimachi et 
al., 1985; Cornwall, 2009). The epididymal external ductal 
diameter, epithelial height, periductal muscular wall width, 
and stereocilia height have been reported to vary in 
different age-category of hamster rats (Calvo et al., 1999).  

African greater cane rat (AGCR) is a wild herbivorous 
rodent currently undergoing massive domestication to 
augment the acute shortage of animal protein in sub-
Saharan Africa (Fayenuwo et al., 2003; Olude et al., 2014; 
Monadjem et al., 2015). Earlier investigations on the 
epididymal morphology of the cane rat paid attention to 
the adult-only (Olukole et al., 2009; Adebayo and Olurode, 
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2010; Adebayo et al., 2016). There is a dearth of reports on 
the light microscopic changes in the epididymis of 
different age groups of the African greater cane rat 
(Thryonomis swinderianus, Temminck 1827). Therefore, 
this study was designed to evaluate light microscopic 
changes in the epididymis of different age-category of 
cane rat using histological, histochemical and 
histomorphometric approaches. 

2. Materials and Methods 

2.1. Animals 

Twenty (20) healthy male African greater cane rats 
used for this study were procured from a commercial farm 
(Pavemgo cane rat, Lagos State, Nigeria) with a record of 
birth. The rats were stabilized for one week in the 
Experimental Animal Unit of the Faculty of Veterinary 
Medicine. They were fed daily on dry corn feed and water 
provided ad libitum. The protocol for this experiment was 
approved by the University of Ibadan Animal Care and 
Use Research Ethics Committee (UI-ACUREC) and issued 
an ethical clearance (UI-ACUREC/18/0120). 

2.2. Experimental Design 

Modified age-classification earlier reported by Soro et 
al. (2014) was adopted.  The AGCR were randomly sorted 
into four groups of five (n=5) rats per group as highlighted 
below: 

(A). Prepubertal (Pre); ≤4 months, (B). Pubertal (Pub); 
>4≤12 months, (C). Adult; >12≤30 months and (D). Aged 
(AG); >30 months). At the end of stabilization on day 8, 
the rats were sedated with combined sedatives; xylazine 
and ketamine (20:80 mg/kg body weight respectively) 
injected intramuscularly. Thereafter, primary perfusion 
fluid (0.9% sodium chloride (Aventra, Fidson, Nigeria) 
plus 25,000 IU of heparin (2IU\ML) (Heparinum; Polfa) 
and fixative proper (10% buffered formalin) were intra-
cardially perfused. 

2.3. Tissue processing for histology, histochemistry and 
histomorphometry 

For histology, epididymal tissues were processed using 
the protocol of Adebayo and Olurode (2010). The stained 
tissues were then examined under a light microscope 
(Olympus BX3-CBH, USA) for variation in histo-
architecture concerning age. Photomicrographs of the 
slides of the epididymides of different age groups of 
AGCR were evaluated for histomorphometric variations in 
epididymal (ductal diameter, ductal height, luminal 
diameter, stereocilia height and peritubular muscle coat 
thickness) parameters using GIMP2 Software. Following 
routine histology, the glycogen and connective tissue 
content of the epididymis of each group were 
demonstrated using Periodic-Acid Schiff (PAS) and 
Masson Trichrome (MT) stains, respectively. Also, the 
images of PAS and MT stained slides were quantified 
using ImageJ software. 

2.4. Statistical analysis 

Data obtained from histomorphometry and image J 
quantification of PAS and Masson trichrome staining 
intensities were statistically analyzed using GraphPad 
Prism Version 4.00 for Windows, GraphPad Software (San 
Diego, CA, USA). The results were expressed as group 

mean ± standard error of the mean (SEM), with a level of 
significance at p<0.05. The differences across the four 
groups of AGCR were compared using a one-way analysis 
of variance (ANOVA), and Tukey was used for multiple 
comparisons post hoc. 

3. Results 

3.1. Histological changes in the epididymis of different 
age groups of the African greater cane rat 

The epididymis of the AGRC comprised six distinct 
zones: Zones I, II and III (initial segment), Zone IV 
(caput), Zone V (corpus) and Zone VI (cauda) (Fig 1 A-C). 
The first (initial) segment unlike others is further 
partitioned by connective tissue septae into three (3) 
histologically distinct sub-segments or regions or zones, 
namely: proximal (zone I), middle (zone II) and caudal 
(zone III) initial segments (Fig. 1 A and B). The shape of 
the lumen of all the epididymal segments in the pre-
pubertal rat was round (Fig. 2). However, in the pubertal 
and aged AGCR, the proximal to the distal sub-segments 
of the initial epididymal segment had stellate-shaped 
lumen (Figs. 2-4), while their caput, corpus and cauda 
segments bear characteristic round luminal shape (Figs. 5-
7). Concerning age-related differences in the nature of the 
epithelial lining of the epididymal segments, pre-pubertal 
epididymal duct was lined by predominantly simple 
cuboidal to columnar cells (Figs. 2-7), while the epithelial 
lining of the epididymal duct in pubertal and adult rats 
were the typical pseudostratified ciliated columnar 
epithelium (Figs. 2-7). 

3.2. Age-related changes in the content of glycogen and 
collagen fibres in the epididymis of the African greater 
cane rat 

Positive Masson’s Trichrome stained areas within the 
segments of the epididymal duct of all AGCR groups were 
observed as bluish collagen substances in the ductal 
interstices and in the peritubular muscle coats (Figs. 2-7).  
Concerning PAS staining of the epididymis, positive areas 
appeared as magenta colour in the epididymal interstitium, 
lamina propria, peritubular muscle coat, perinuclear region 
of epididymal epithelial cells, ductal stereocilia and 
luminal content especially in the caput, corpus and caudal 
segments (Figs. 2-7). On the intensity of MT and PAS 
(Figs. 2-7) expressions in the segments of epididymal duct, 
significant age-related increase (p<0.05) in values were 
consistently observed for both stains. Strong PAS and MT 
intensities were displayed in most of the segments of 
pubertal and adult epididymis compared to other AGCR 
groups.  

3.3. Histomorphometric parameters of the epididymis of 
different age-groups of the African greater cane rat 

3.3.1. Ductal diameter (DD) 

The DD was the smallest in all the segments of the 
epididymis in the prepubertal AGCR relative to others. 
The various segments of the epididymal duct showed a 
significant increase in DD from prepubertal to aged 
AGCR.  The comparison along the rest of the epididymal 
duct of each AGCR group showed a significant (p<0.05) 
craniocaudal increase in the DD with the highest in the 
caudal segments (Table 1).   
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3.3.2. Ductal luminal diameter (DLD) 

The ductal luminal diameter was significantly low 
(p<0.05) in the prepubertal relative to other AGCR groups. 
Also, the DLD of the entire epididymal segment was 
significantly higher (p<0.05) in the aged AGCR compared 
to others. The DLD of the epididymal duct in all age 
groups showed a significant increase (p<0.05) with 
advancing age. On the difference along the epididymal 
duct within each group, a significant craniocaudal increase 
(p<0.05) in luminal diameter was observed (Table 1).  
3.3.3. Ductal epithelial height (DEH) 

The ductal epithelial height of the prepubertal AGCR 
was significantly low (p<0.05) when compared to other 
groups.  The DEH in nearly all the epididymal segments 
(initial, middle and distal segments) were not significantly 
different (p>0.05) from pubertal to aged groups, though a 
markedly reduced DEH was noticed in the caudal segment 
of the aged AGCR. In the comparison along the 
epididymal duct, a progressive significant craniocaudal 
decrease in DEH was seen in this study (Table 1). 

3.3.4.  Ductal stereocilia height (DSH) 

The ductal stereocilia height of the prepubertal 
epididymis was significantly low (p<0.05) relative to other 
groups. The DSH values from the pubertal to aged AGCR 
were not significantly different (p>0.05), though an 
insignificant decrease in DSH was exclusively found in the 
epididymal segments of aged AGCR. Concerning variation 
along the segments of the epididymal duct of each AGCR 
group, a craniocaudal decrease in the trend of DSH values 
was noted. Also, the initial segments of each group bear 
significantly higher (p<0.05) stereocilia (Table 1). 
3.3.5. Periductal muscle coat thickness (PMCT) 

The periductal muscle coat thickness was significantly 
higher (p<0.05) in the adult AGCR compared to other 
groups. The PMCT appeared to increase significantly 
(p<0.05) with age. A fairly progressive increase in PMCT 
was noticed with consistently significant (p<0.05) values 
obtained in the caudal epididymal segment of all AGCR 
groups (Table 1). 

Figure 1 A-C. Photomicrographs and schematic diagram of the epididymal segments of the African greater cane rat. Note the four main 
segments of the epididymis; Initial segment (IS), caput, corpus and cauda. The initial segment (IS) is partitioned by connective tissue septae 
(dashed lines) into the proximal initial segment (PIS), middle initial segment (MIS) and distal initial segment (DIS). Scale bar: 200µm.  

Figure 2. Photomicrographs of the proximal initial segment of the epididymis in different AGCR groups. In HE sections, the conspicuously 
reduced but almost absent stereocilia height (arrowhead), a round ductal lumen (L) lined by simple columnar epithelial cells and more 
cellular epididymal interstitium (EI) in prepubertal (Pre) AGCR. While in others, note the display of stellate-shaped ductal lumen 
prominently lined by pseudostratified columnar epithelium (oval) with prominent stereocilia (arrowhead) as well as component cell types; 
basal cells (BC), Principal cells (PC) and apical (AC). For the Masson trichrome (MT) sections, Note the blue staining collagen fibres 
(arrow) in the epididymal ductal interstices (EI) together with pink- staining smooth muscles (arrowheads) surrounding the epididymal 
ducts. Concerning the PAS section, note the PAS-positive areas in the interstitium (short arrow), lamina propria (arrowhead), ductal 
stereocilia (red arrowhead), and supranuclear region (long arrow) of the epididymal epithelium. Scale bar: 20µm. Bars with different 
superscripts (a, b, c) are significantly different. 
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Figure 3.Photomicrographs of the middle initial segment of the epididymis in different AGCR groups.  In the HE sections, note the 
markedly reduced stereocilia height (arrowhead), the round ductal lumen (L) lined by simple columnar epithelium and more cellular 
epididymal interstitium (EI) in pre-pubertal rat compared to the stellate-like lumen, duct lined by pseudostratified columnar epithelium 
(oval) with prominent stereocilia (arrowhead) as well as the presence of basal cells (BC), Principal cells (PC) and a moderate increase in 
apical cells (AC) seen in other AGCR. Also, observe in Masson trichrome (MT) sections the blue staining collagen fibers (arrow) in the 
epididymal ductal interstices (EI) together with pink-staining smooth muscles (arrowheads) surrounding the epididymal ducts. Note the 
PAS-positive areas in the interstitium (short arrow), lamina propria (arrowhead) and supranuclear region (long arrow) of the epididymal 
epithelium in the PAS sections. Scale bar: 20µm. Bars with different superscripts (a, b) are significantly different. 

Figure 4. Photomicrographs of the distal initial segment of the epididymis in different AGCR groups. Note in the HE sections the reduced 
stereocilia height (arrowhead), the round ductal lumen (L) lined by simple columnar epithelium and more cellular interstitium in the 
prepubertal rat compared to the stellate-like luminal shape, ducts lined by pseudostratified columnar epithelium (oval) with prominent 
stereocilia (arrowhead) as well as the presence of basal cells (BC), Principal cells (PC) and markedly increase in apical cells (AC) in other 
groups. Note also the blue staining collagen fibres  (arrow) in the epididymal ductal interstices (EI) together with pink-staining smooth 
muscles (arrowheads) surrounding the epididymal ducts in all the MT sections.  Observe the PAS-positive areas in the interstitium (short 
arrow), lamina propria (arrowhead), and supranuclear region (long arrow) of the epididymal epithelium of all AGCR. Scale bar: 20µm. Bars 
with different superscripts (a, b, c) are significantly different. 

Figure 5. Photomicrographs of the caput segment of the epididymis in different AGCR groups. Observe in prepubertal (Pre) the display of 
markedly reduced stereocilia height (arrowhead), roundish ductal luminal (L) shape lined by simple cuboidal to columnar epithelial lining 
relative to the stellate to roundish like luminal shape, ducts lined by pseudostratified columnar epithelium (oval) with prominent stereocilia 
(arrowhead) as well as the presence of basal cells (BC), principal cells (PC) and more apical cells (AC) in other groups. Take note of the 
bluish staining collagen fibers (arrow) in the epididymal ductal interstices (EI) together with pink-staining smooth muscles (arrowheads) 
surrounding the epididymal ducts in the MT sections of all groups. Note the PAS-positive areas in the interstitium (short arrow), lamina 
propria (arrowhead), ductal stereocilia (red arrowhead), epithelial perinuclear region (long arrow) and luminal spermatozoa especially from 
pubertal to aged AGCR. Scale bar: 20µm. Bars with different superscripts (a, b) are significantly different. 
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Figure 6. Photomicrographs of the corpus segment of the epididymis in different AGCR groups. In the HE sections, note the reduced 
stereocilia height (arrowhead) and roundish ductal luminal (L) shape lined by simple cuboidal to columnar epithelial cells in the prepubertal 
rat compared to the numerous intraepithelial glands, round ductal lumen shape containing spermatozoa, ducts lined by pseudostratified 
columnar epithelium (oval) with prominent stereocilia (arrowhead) as well as the presence of basal cells (BC), Principal cells (PC) and 
reduced apical cells (AC) seen in others. Also, note in MT stained sections the bluish staining collagen fibers (arrow) in the epididymal 
ductal interstices (EI) together with pink-staining smooth muscles (arrowheads) surrounding the epididymal ducts. Bv- blood vessel. Scale 
bar: 20µm. Bars with different superscripts (a, b) are significantly different. 

Figure 7. Photomicrographs of the cauda segment of the epididymis in different age groups of AGCR. Note in the HE sections the display 
of reduced stereocilia height (arrowhead), almost roundish ductal luminal (L) shape and copious epithelial fold (EF) in pre-pubertal rats 
when compared to the numerous intraepithelial glands (IEG), large roughly around ductal lumen shape containing spermatozoa (S), ductal 
lining bears a markedly reduced pseudostratified columnar epithelium (oval) with prominent stereocilia (arrowhead) as well as the 
dominating population of basal cells (BC) and Principal cells (PC) present in other groups. Also, note in MT sections the bluish staining 
collagen fibres (arrow) in the epididymal ductal interstices (EI) together with pink-staining smooth muscles (arrowheads) surrounding the 
epididymal ducts in inset A and other groups. Observe in the PAS sections positive areas to PAS staining in the interstitium (short arrow), 
lamina propria (arrowhead), epithelial supranuclear region (long arrow) and lumina (L) spermatozoa especially from pubertal to aged. Scale 
bar: 20µm. Bars with different superscripts (a, b) are significantly different. 

Table 1. Age-related changes in epididymal parameters of African greater cane rat 

Parameter AGCR 
Group 

Pro.  Ini. Seg Middle Ini. Seg Distal Ini. Seg Caput Corpus Cauda 

Ductal 
Diameter (µm) 

Prepub. 166.90  ± 8.89a 151.20  ± 6.98a 168.40  ± 15.51a 106.50  ± 5.47a## 167.60  ± 11.91a 239.20  ± 13.18a# 

Pub. 329.50  ± 
16.42b## 

250.50  ± 6.65b 257.50  ± 8.58b 282.10  ± 11.06b 252.30  ± 7.60b 430.10 ± 21.86b# 

Adult 309.00  ± 
18.50b## 

274.80  ± 7.64b 289.70  ± 16.86b 270.50  ± 13.70b 272.20  ± 16.28b 440.80  ± 25.86b# 

Age 329.00  ± 8.78b 295.80  ± 9.87b 305.70  ± 12.13b 370.80  ± 10.49b 308.80  ± 12.30c 685.60  ± 34.26c# 

        
Luminal 
Diameter (µm) 

Prepub. 75.27 ± 6.73 a### 60.14 ± 3.99a 53.32 ± 3.08a  49.95 ± 4.39a 112.30  ± 8.80a## 149.40  ± 12.84a# 

Pub. 133.50 ± 
10.57b### 

118.60 ± 5.38b 110.40 ± 6.35b 171.80 ± 9.36b## 158.90 ± 9.44b## 379.90 ± 30.18b# 

Adult 187.80 ± 12.77c## 117.40 ± 7.15b 107.50 ± 8.25b 161.90 ± 
10.64b## 

183.20 ± 7.56c## 396.00  ± 23.47b# 

Age 213.70 ± 9.53c 190.60 ± 13.89c 190.20 ±8.82c 219.90 ± 16.20c 208.80  ± 10.52d 576.30  ± 36.66d# 
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Epithelial 
Height  (µm) 

Prepub. 41.74 ± 1.90a# 47.32 ± 2.21a# 47.80 ± 0.95a# 33.33 ± 1.65a## 39.23± 2.42a### 26.56 ± 3.39a### 

Pub. 65.43 ± 2.41b## 76.54 ± 2.35b# 73.41 ± 4.11b# 61.58± 2.37b## 55.95± 2.53b### 50.03 ± 1.66b### 

Adult 85.75 ± 3.39c# 86.43 ± 4.37b# 77.86 ± 2.55b# 66.61 ± 3.09b## 51.10 ± 1.64b### 55.01 ± 3.07b### 

Age 90.77 ± 4.06c# 64.50 ± 1.75c## 72.47 ± 5.01b## 70.24 ± 2.93b## 50.61 ± 2.52b### 23.50 ± 1.16a#### 

        
Stereocilia 
Height  (µm) 

Prepub. 3.96 ± 0.24
a#

 2.76 ± 0.09
a
 2.59 ± 0.12

a
 2.44 ± 0.10

a
 2.53 ±  0.23

a
 2.11  ± 0.13

a
 

Pub.  8.51 ± 0.45
c##

 10.51 ± 0.47
c#

 8.71 ± 0.24
b##

 7.62 ± 0.30
b##

 7.94 ± 0.31
c##

 5.59  ± 0.48
b###

 
Adult  8.73 ± 0.49

c#
 7.74 ± 0.19

b##
 7.62 ± 0.24

b##
 6.47 ± 0.14

b##
 7.24 ± 0.14

c##
 5.03 ± 0.13

b###
 

Aged 6.95 ± 0.25
b#

 7.45 ± 0.38
b#

 6.99 ± 0.36
b#

 6.21 ± 0.29
b#

 5.79 ± 0.34
b##

 4.72  ± 0.24
b##

 
        
Perimuscular 
Coat Thickness 
(µm) 

Prepub.  13.25 ±  0.90
a####

 16.17 ±  1.21
b###

 10.54 ± 0.65
a####

 23.3 ± 2.40
d##

 21.12 ± 1.40
b##

 46.01 ±  4.30
a#

 

Pub.  14.74 ±  0.80
a
 17.93 ± 1.01

b
 13.20  ±  0.75

b
 11.36 ± 0.91

b
 16.87 ± 1.60

a
 51.30 ±  5.70

b#
 

Adult  20.00 ±  0.90
c
 21.03 ± 1.90

c
 17.10  ± 1.40

c
 14.28 ±  1.30

c
 15.90 ±  1.40

a
 60.99 ±  8.20

c#
 

Aged 17.22 ±  1.70
b##

 12.40  ± 0.91
a##

 16.10  ± 1.90
c##

 8.97 ± 0.44
a###

 14.17 ± 0.88
a##

 51.20 ±  3.70
b#

 

Prepub – Prepubertal, Pub – Pubertal, Pro. Ini. Seg – Proximal Initial Segment  
- Values with the different alphabet superscripts (a,b,c,d) within the column (comparison within an epididymal segment) are  
   significantly different 
- Values with the different number of harsh tag  (#) in the same row ( comparison along each epididymal segment i.e Pro. Ini. Seg to Cauda) 
are significantly different. 

4. Discussion 

The epididymal segments and zones of the AGCR in 
this study are in agreement with documentations on the 
epididymis of adult cane rats (Adebayo and Olurode, 
2010) as well as the boar (Wrobeland Fallenbacher, 1974).  
These observations, however, contrasted the 
documentations of 3 segments in dog and camel (Chandler 
et al., 1981; Ruhl, 2001), 4 segments in rat and cat 
(Hamilton, 1975; Sànchez et al., 1998), 5 segments in the 
hamster, mouse, African giant rat and buck (Flickinger et 
al., 1978; Takano, 1980; Goyal and Williams, 1991; Oke, 
1982). It is, therefore, suggested that the segments and 
zones of the epididymis of animals vary based on species. 

The simple cuboidal to the columnar epididymal 
epithelial lining of the pre-pubertal unlike the classical 
pseudostratified stereociliated columnar epithelium 
observed in other groups conforms with earlier reports on 
the epididymal epithelial lining in immature and mature 
mammals (Oke, 1982; Adebayo and Olurode, 2010; 
Elzoghby et al., 2014). The functional relevance of this 
variation in epididymal epithelial lining could be 
correlated with the ongoing active secretory and absorptive 
activities on the epithelium of the pubertal to aged cane 
rats as opposed to the quiescent nature of the prepubertal 
rats.  

Also, the observed progressive age-related increase in 
epididymal histomorphometric parameters in the different 
age groups of cane rat, as well as craniocaudal alterations 
(increase or decrease) to some of the parameters along the 
epididymal duct in this study, agree with the reports of 
Adebayo and Olurode (2010) in adult cane rat as well as 
Kishore et al. (2012) in the goat. The variations noticed in 
the histomorphometric parameters between the segments 
and within cane rat groups might be to accommodate the 
varied physiological activities of the different segment of 
the epididymis across age groups. For instance, the 
increase in stereocilia height of the initial segment 
functionally has been attributed to an additional resorptive 
ability of the epithelium in this segment (Alkafafy, 2005) 
or aiding the movement of spermatozoa along the duct. 

The increased periductal muscle coat thickness towards 
the caudal segment in each group of cane rat is in accord 
with the pattern previously reported for the epididymal 
segments in most mammals (Delhon and von 
Lawzewitsch, 1994; Sànchez et al., 1998; Calvo et al., 
1999; Ruhl, 2001). The functional implication of 
periductal smooth muscular coat presence along the 
epididymal segments has been suggested to be essential in 
the movement of the sperm toward the terminal segment 
(Goyal, 1985; Zayyed et al., 2012). The pronounced 
thickness of the PMC in the cauda epididymis could be 
linked to ejaculation. Also, the presence of an age-
dependent increase in the thickness of the epididymal coat 
of the different groups of the cane rat more particularly in 
the cauda segment of the pubertal group could be 
suggestive of morphological compensation needed for the 
initiation of ejaculatory activity of the rats in this group.  

The observation of round ductal luminal shape in all 
the epididymal segments of prepubertal rats, as well as the 
display of variable luminal shape (stellate to roundish) in 
other rat groups, agree with the numerous reports of round 
luminal shape in the lower segments of the epididymal 
duct of most mammals (Sànchez et al., 1998; Alkafafy, 
2005; Shagufta et al., 2012). The roundish shape of 
epididymal ducts has been attributed to the regular nature 
of the epithelium in lower segments especially the cauda 
segment where the epithelium is uniformly low and 
luminal diameter is at maximum thereby favouring 
adaptation for sperm storage and maturation (Delhon and 
von Lawzewitsch, 1994; Zayyed et al., 2012). However, 
the irregularly long nature of the epithelium in the initial 
segments has been suggested to contribute to the stellate 
shape of their lumen (Sànchez et al., 1998; Alkafafy, 
2005). Based on the above morpho-functional assumptions 
regarding the ductal luminal shape, it is understandable to 
attribute the fairly uniform epididymal epithelium height 
in prepubertal rats to their roundish ductal luminal shape. 

The presence of positive PAS staining in the 
epididymal interstitium, lamina propria region, the peri-
nuclear region of the epithelium, ductal stereocilia and 
lumen of different age groups of cane rat is consistent with 
glycogen-rich parts of the epididymis previously reported 
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in most mammals (Goswami et al., 1990; Oke et al., 1988; 
Kishore et al., 2012; Kumari, 2013). The significantly 
higher PAS staining intensity observed in all the 
epididymal segments of pubertal cane rat relative to others 
implies the active functional status of this age group. The 
demonstration of intense PAS staining in pubertal rats is 
consistent with the reports of Kishore et al. (2012) and 
Kumari (2013) on similar age-related studies in the 
epididymis of goats. 

The demonstration of MT-positive epididymal duct 
interstices and the smooth muscles surrounding the 
epididymal ducts is consistent with the reported sites of 
collagen fibres in the epididymis (Shagufta et al., 2012). 
Owing to the resilience of collagen fibres (Bacha and 
Bacha, 2000), it suffices to assume that its presence in the 
epididymal interstices and periductal muscle coat 
correlates with its functional roles of maintaining the 
ductal architecture. The demonstration of exceptionally 
high MT intensity in nearly all the epididymal segments of 
the pubertal rat can be linked to the reproductive 
activeness of this age group. 

In conclusion, this study has demonstrated that 
epididymal light microscopic details in cane rats were 
remarkably influenced by age increment as evidenced in 
the changes in the epididymal epithelium from simple 
cuboidal in prepubertal to pseudostratified columnar in 
other cane rat groups, significantly higher glycogen and 
connective tissue components in the pubertal and adult rats 
and progressive age-related increase in the 
histomorphometric parameters. These sets of data could 
probably be associated with reproductive quiescence in the 
prepubertal and remarkable vigor more particularly in the 
adult cane rat investigated.   Even though previous authors 
have described light microscopic changes in the 
epididymis of the adult AGCR, this work is possibly the 
first report of the age-related changes in histology, 
histochemistry and histomorphometric changes in the 
epididymis of cane rat. 
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