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Instructions to Authors 

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Manuscript, or the essence of their content, must be previously unpublished and should not be under 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)). 
For two authors, both authors’ names followed by the year of publication (e.g.( Nelson and Brown, 
2007)).  When there are more than two authors, only the first author's name followed by "et al." and the 
year of publication ( e.g. ( Abu-Elteen et al., 2010)). When two or more works of an author has been 
published during the same year, the reference should be identified by the letters "a", "b", "c", etc., 
placed after the year of publication. This should be followed both in the text and reference list. e.g., 
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 
evaluation process.    Example of correct reference form is given as follows:- 
Reference to a journal publication:  

Bloch BK. 2002. Econazole nitrate in the treatment of  Candida  vaginitis.  S Afr  Med  J. , 58:314-323. 

Ogunseitan OA and  Ndoye IL. 2006. Protein method for investigating mercuric reductase gene 
expression in aquatic environments.  Appl Environ Microbiol., 64: 695-702. 
 
Hilly MO, Adams MN and   Nelson SC. 2009. Potential fly-ash utilization in agriculture. Progress in 
Natural Sci., 19: 1173-1186. 

Reference to a book:  
Brown WY and White SR.1985. The Elements of Style, third ed. MacMillan, New York.  

Reference to a chapter in an edited book:  
Mettam GR and  Adams LB. 2010. How to prepare an electronic version of your article. In: Jones BS 
and  Smith  RZ (Eds.), Introduction to the Electronic Age. Kluwer Academic Publishers, 
Netherlands, pp. 281–304. 
 
Conferences and Meetings: 
Embabi NS. 1990. Environmental aspects of distribution of mangrove in the United Arab Emirates. 
Proceedings of the First ASWAS Conference. University of the United Arab Emirates. Al-Ain, United 
Arab Emirates. 
 
Theses and Dissertations: 
El-Labadi SN. 2002. Intestinal digenetic trematodes of some marine fishes from the Gulf of Aqaba. 
MSc dissertation, The Hashemite University, Zarqa, Jordan.  
 Nomenclature and Units  
Internationally accepted rules and the international system of units (SI) should be used. If other units 
are mentioned, please give their equivalent in SI.  
For biological nomenclature, the conventions of the International Code of Botanical Nomenclature, the 
International Code of Nomenclature of Bacteria, and the International Code of Zoological 
Nomenclature should be followed.  
Scientific names of all biological creatures (crops, plants, insects, birds, mammals, etc.) should be 
mentioned in parentheses at first use of their English term.   
Chemical nomenclature, as laid down in the International Union of Pure and Applied Chemistry and 
the official recommendations of the IUPAC-IUB Combined Commission on Biochemical Nomenclature 
should be followed. All biocides and other organic compounds must be identified by their Geneva 
names when first used in the text. Active ingredients of all formulations should be likewise identified. 
 
 



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 
14 volumes, 60 issues and 800 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 0.7 in 2019 to 1.4 in 2021 (Last updated on 6 March, 2022) and with Scimago 
Institution Ranking ( SJR) 0.22 (Q3) in 2021. 

 
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 Wedyan ,Mohammed A.  
March, 2024 
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Abstract 

Background: Essential oils extracted from aromatic plants and spices find diverse applications in food preservation, 

pharmaceuticals, and natural alternatives in healthcare and therapies. This study aimed to evaluate the antibacterial and 

antibiofilm of Coriander sativum essential oil (CEO) with/without the antibiotic Gentamicin against four bacterial strains: 

Staphylococcus aureus, Escherichia coli, Staphylococcus epidermidis, and Pseudomonas aeruginosa.  

Methods: The Jordanian CEO was isolated using hydrodistillation and then analyzed using gas chromatography-mass 

spectrophotometry. Antibacterial and antibiofilm activities were assessed using a minimum biofilm eradication concentration 

assay (MBEC Assay®).  

Results: The inhibitory and bactericidal effects of the CEO on all bacterial strains exhibited a concentration-dependent 

pattern. Among the strains, P. aeruginosa demonstrated the least susceptibility to CEO, with the highest minimum inhibitory 

concentration (MIC) recorded at 25 mg/mL. In contrast, the MIC values for E. coli, S. aureus, and S. epidermidis were 

3.125, 3.125, and 6.25 mg/mL, respectively. Complete eradication was achieved for all tested bacterial strains at 

concentrations exceeding 50 mg/mL of CEO, except for P. aeruginosa. Achieving ~ 3 log reduction for P. aeruginosa 

necessitated a higher concentration of 200 mg/mL of CEO. Notably, the combination of Gentamicin with CEO resulted in 

either additive or synergistic activity, allowing for the use of lower concentrations of CEO to achieve antibacterial and 

antibiofilm effects. 

Conclusion: The CEO extracted from Jordanian coriander seeds exhibited significant in vitro antibacterial and antibiofilm 

properties against P. aeruginosa, S. aureus, S. epidermidis, and E. coli. Notably, CEO demonstrated synergistic or additive 

effects when combined with Gentamicin, suggesting a potential strategy to alleviate antibiotic-associated side effects and 

enhance their antibacterial efficacy. These findings underscore the promising potential of CEO for future clinical 

applications, particularly in addressing challenges associated with chronic wounds. 
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1. Introduction 

Nowadays, the utilization of essential oils (EO) derived 

from aromatic plants and spices spans various domains, 

encompassing applications in food preservation, the 

pharmaceutical industry, and natural alternatives in 

medicine and therapies aimed at enhancing healthcare 

quality (Sulieman et al.,  2023). In response to an 

escalating demand for ingredients sourced from natural 

origins, essential oils are gaining prevalence in drinks, 

cosmetics, and toiletries (Cimino et al., 2021). This shift is 

driven by concerns over the safety of synthetic additives, 

which have become progressively dubious over time 

(Aguiar Campolina et al.,  2023). Meeting the public need 

for natural extracts with pleasing sensory attributes and 

preservative efficacy is essential to thwart lipid 

deterioration, oxidation, and microbial spoilage. As 

essential oils primarily revolve around their impact on 

bacterial cell walls, alternate mechanisms such as 

disrupting enzymes, membrane proteins, or releasing 

cellular content subsequent to cytoplasmic membrane 

breakage are also under exploration (Langeveld et al. 

2014; Zygadlo et al. 2017; Bueno et al. 2017; Delaquis et 

al. 2002; Baratta et al. 1998; Kačániová et al. 2020; 

Özkinali et al. 2017).  The study of essential oils was 

historically dominated by considerations of flavor and 

fragrance (Fisher et al. 2008; Preedy, 2015). This interest 

is fueled by their perceived safety, consumer acceptance, 

and multifunctional potential (Ormancey, 2001).  

Among plant-derived compounds, EOs from aromatic 

plants are one of the plant-based secondary metabolites 
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that are used as the basis of many modern pharmaceuticals 

to treat different illnesses (Kabera et al., 2014). The effects 

of EOs and aroma principles on different body systems, 

including the respiratory system, gastrointestinal, nervous, 

and immune systems, as well as their anti-microbial, 

antifungal, and anticancer activities, have recently been the 

focus of interest for researchers (Amiri et al., 2016). It is 

essential to underline that the nature and content of 

secondary metabolites in medicinal and aromatic plants are 

widely dependent on environmental factors. The 

geographic location, seasonal variation, temperature, 

rainfall, altitude, soil characteristics, the collection time 

and even the extraction method are known to affect EO's 

yield and chemical composition (Diao et al., 2014). 

Coriandrum sativum L., commonly known as 

coriander, is a noteworthy medicinal plant rich in essential 

oils distributed across its flowers, stems, leaves, and 

fruits/seeds (Klapper et al. 2010; Mandal et al. 2015). 

Renowned for its medicinal applications, coriander seeds 

have been traditionally employed to address a spectrum of 

health issues, including joint pain, gastrointestinal 

problems, flatulence, indigestion, insomnia, anxiety, 

convulsions, and loss of appetite.  

Noteworthy, most of the studies focused on several 

prevalent bacterial pathogens that are known to form 

persistent biofilm, such as Staphylococcus aureus, 

Escherichia coli, Staphylococcus epidermidis, and 

Pseudomonas aeruginosa (Abdallah et al.,  2014). These 

pathogens are still the vast majority of research interests 

looking for potential agents with complete eradication 

processes. Moreover, the dramatic increase in anti-

microbial resistance (AMR) for pathogenic bacteria 

represents a serious problem for human health (ECDC, 

2009). In agriculture and veterinary fields, it is crucial to 

reduce the usage of antibiotics. Instead, it would be more 

relevant to exploit synergistic interactions with natural 

products such as essential oil (Carlone et al., 2018). A 

limited number of studies have investigated the synergistic 

effects between antibiotics and EOs like coriander 

essential oil against bacteria (Aljaafari et al., 2019). 

Accordingly, this study aimed to evaluate the antibacterial 

and antibiofilm of the seed coriander seed EO with/out the 

antibiotic Gentamicin against four bacterial strains: 

Staphylococcus aureus, Escherichia coli, Staphylococcus 

epidermidis, and Pseudomonas aeruginosa. 

2. Materials and Methods 

2.1. Plant materials 

Coriander seeds were purchased from a farm located in 

North Jordan. This batch of seeds were harvested in May 

of 2021. Identification of C. sativum species was achieved 

by the Phytochemistry team, led by Prof. Fatima Afifi, the 

University of Jordan. The seeds were stored in a dry place, 

at room temperature in the Faculty of Pharmacy, Applied 

Science Private University. After which, the essential oil 

was obtained from the Coriander seeds by hydrodistillation 

(HD).  

2.2. Isolation of the essential oil by hydrodistillation  

 Half a kilo of Coriander seeds was ground in 1.5L of 

filtered water using a mixer for 30 seconds and transferred 

to a round bottom flask of the Clevenger-type apparatus 

(Borosil, India). HD was conducted for 3 hours using a 

heating mantle (Electrothermal, UK). The extraction was 

repeated six times, and the obtained Coriander essential oil 

was pooled and dried over anhydrous sodium sulphate 

(Na2SO4) (Al-Shuneigat et al., 2015). After dehydration, 

the 100% stock solution of CEO was stored at 4o C in 

amber glass vials prior analysis (Afifi et al., 2015).  

2.3. Gas chromatography-mass spectrometry (GC-MS) 

analysis 

A sample of the CEO was sent to the University of 

California- San Diego - USA to be analyzed using Agilent 

5977B Gas Chromatograph-Mass Selective Detector (GC-

MSD) instrument. This device has electron impact sources 

coupled with an Agilent 7820A GC system, enabling 

sample mixtures to be analyzed. This device is particularly 

useful for routine examination of non-polar small organic 

compounds with a mass between 50 and 1000 amu. Hits 

were analyzed against the NIST (National Institute of 

Standards and Technology) library (> 1 million 

compounds). Approximately 1 μL aliquot of CEO sample, 

was diluted in 10 μL of GC grade n-hexane and was then 

subjected to GC analysis. The analysis was performed 

using Varian Chrompack CP-3800 GC-MS/MS- 200 

(Saturn, Netherlands) equipped with DB-5 (5 % diphenyl, 

95 % dimethyl polysiloxane) GC capillary column (30 m × 

0.25 mm i.d., 0.25 μm film thicknesses), with helium as a 

carrier gas (flow rate 0.9 mL/min). The compounds were 

identified by comparing them to built-in libraries (NIST 

and Wiley Co. USA).  

2.4. Evaluation of the antibacterial and antibiofilm 

activities 

2.4.1. Bacterial strains and growth conditions  

All bacterial strains were purchased from the American 

Type Culture Collection (ATCC). These strains include 

Pseudomonas aeruginosa (ATCC 27853), Escherichia coli 

(ATCC 14169), Staphylococcus aureus (ATCC 25923), 

and Staphylococcus epidermidis (ATCC 12228). All 

bacterial strains were stored at –20±2ᴼ C in cryovials 

before they were resuspended and then sub-cultured in 

nutrient broth (NB) (Oxoid, UK) overnight at 37±2ᴼ C. 

The inoculum of each bacterial strain was assessed in 

triplicate by measuring optical density (OD). Similarly, the 

growth of each bacteria was calculated from the measured 

OD as explained below.   

2.4.2. Biofilm formation on the MBEC Assay® plate 

Biofilm formation and measurement of antimicrobial 

sensitivity of the bacterial biofilms were performed using 

the Minimum Biofilm Eradication Concentration Assay 

(MBEC Assay®)  (ASTM, 2017). Each microtiter plate lid 

has 96 polystyrene pegs or projections distributed on the 

lid. Each peg provided the surface for bacteria to adhere to, 

colonize, and form a uniform mature biofilm (Ceri, 1999). 

The pegs fit precisely into the wells of a standard 96-well 

microtiter flat bottom plate that can grow bacterial biofilm, 

rinsing, anti-microbial challenge and microbial recovery.  

Briefly, bacteria were cultured in nutrient broth (NB) 

test tubes (10 mL) overnight at 37±2ᴼ C where they 

reached approximately 108 CFU/mL. The bacterial 

suspensions were adjusted to achieve an approximate 

bacterial density of 105 – 106 CFU/mL using the optical 

density where 600 nm was used to measure the planktonic 

growth (Al-Shuneigat et al.. 2014). An inoculum of 150 
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µL of bacterial culture was dispensed into each well of 

MBEC bottom plates (except for the sterility control wells) 

before placing the 96-peg lid back into the inoculated 96 

well bottom plate. The inoculated MBEC Assay® plate 

was incubated for 24 ±2 hours at 37ᴼ C on an orbital 

incubator (Lab Companion SI-600R, Korea) at 110 rpm to 

allow bacterial biofilm formation on the pegs. The lid with 

the pegs was transferred to a new sterile 96-well plate 

(SPL, Korea) containing 200 µL of sterile PBS for rinsing 

for 30 seconds. Optimizing the growth conditions for 

biofilm formation was determined in preliminary studies to 

achieve approximately 104 -106 CFU/peg.  

Following the biofilm formation and the rinse steps, the 

96 peg-lid was transferred to the 96-well challenge plate. 

The challenge plate consisted of different CEO 

concentrations dissolved in NB with 0.5 % of Dimethyl 

Sulfoxide (DMSO, AZ Chem for chemicals, Canada). 

DMSO was used in the untreated growth control wells that 

were used to calculate the log10 reduction later on. A wide 

range of concentrations of CEO were used; 300, 200, 100, 

50, 25, 6.25, 1.6 and 0.4 mg/mL. All test dilutions were 

run in triplicates. Gentamicin antibiotic MIC results were 

obtained from earlier experiments to present as the positive 

control in this study (0.6, 1.22, 0.15, 0.3 µg/mL) for P. 

aeruginosa, S. epidermidis, S. aureus, and E. coli 

respectively. The MIC was determined as the least 

concentration of the antibiotic required to inhibit bacterial 

growth (Talib et al. 2010; Al-Shuneigat et al.. 2020). The 

peg-lid was then removed, rinsed in PBS, then placed over 

another 96-well microtiter plate containing fresh, sterile 

broth recovery medium (NB with 0.1% Tween-80). This 

recovery plate was sonicated using ultrasonic cleaner 

(ULTRAsonik 104x, USA) for 30±1 minutes. The 

recovered colony forming unit per 1 milliliter (CFU/mL) 

of the adhered biomass for all treatment concentrations 

was determined after serial dilution and spot plating of 

each well on Nutrient agar plates that were incubated for 

24±2 hours. The adhered biomass recovery plates were 

topped with 100µL of sterile recovery media in each well 

then incubated for another 24 hours to determine the 

MBEC breakpoints, which is defined as the lowest 

concentration of antibiotic or antimicrobial capable of 

killing biofilm producer bacteria (Al-Ouqaili et al., 2011). 

2.5. Combination of Coriander essential oil with 

Gentamicin concentrations and determination of 

minimum inhibitory concentration (MIC) 

Two-fold serial dilutions of CEO plus Gentamicin were 

prepared. Gentamicin antibiotic MIC results were 

calculated using microdilution method (Aboalhaija et al. 

2021). Concentrations of CEO:Gentamicin studied on S. 

aureus, S. epidermidis, and E. coli ranged (0.39: 0.094 - 

12.5: 3 µl/mL), whereas for P. aeruginosa, 

CEO:Gentamicn concentrations ranged (3.13: 0.047 - 200: 

3 µl/mL). The MIC, which represents the concentration of 

CEO required to inhibit the growth of planktonic bacterial 

population, was determined using the MBEC Assay®. The 

MIC was determined by the bacteria shed from biofilms 

attached to the pegs of the MBEC Assay® plate during the 

anti-microbial challenge step. The MIC plate wells were 

spot plated instead of using turbidity reading as the CEO 

interfered with the absorbance and visual reading at higher 

concentrations (Ceri, 1999).   

2.6. Bacterial Cell Count 

Serial dilutions of samples exposed to treatments were 

prepared in sterile 0.85% (w/v) NaCl solution and plated 

according to the method described previously (Chen et 

al.2003). The plates were incubated at 37±2 °C for 24±2 

hours and the number of colonies was determined. To 

measure growth inhibition, viability logarithmic reduction 

was calculated comparing to the untreated growth control 

sample with 0.5% DMSO (Bouhdid et al. 2009). Bacterial 

inoculums of 5 µL were spot plated on nutrient agar plates, 

then incubated overnight at 37±2 °C. After 24 ±2 hours.  

Equations (1-4) used for the calculations are shown 

below (Centre 2010): 

factor Dilution× colonies of # A                             (1) 

200mL×  (A/5mL)=CFU/Peg= B                                (2) 

1)+(Blog  =(CFU/Peg)log=C 1010                             (3) 

Control Growth Average -C=Reductionlog10        (4) 

2.7. Combination index calculation 

The mode of interaction between CEO and Gentamicin 

antibiotic was determined using the bolographic approach. 

The combination index (CI) was calculated (equation 5) 

for combinations of the two treatments against bacterial 

growth (planktonic/biofilm) (Ichite et al., 2009): 

(D)2/(Dx)2+(D)1/(Dx)1=CI                                          (5) 

where (Dx) 1 = dose of CEO to produce 3 log 

reductions (99.9% reduction) in planktonic bacteria and 2 

log reduction (99% reduction) in biofilm bacteria; (D) 1 = 

dose of CEO to produce 99.9% planktonic or 99% biofilm 

bacterial inhibition in combination with Gentamicin; (Dx) 

2 = dose of Gentamicin to produce 99.9% planktonic or 

99% biofilm bacteria inhibition alone; (D) 2 = dose of 

Gentamicin to produce 99.9% planktonic or 99% biofilm 

bacteria inhibition in combination with CEO. Interpreted 

as: CI >1.3 antagonism; CI 1.1 to 1.3 moderate 

antagonism; CI 0.9 to 1.1 additive effect; CI 0.8 to 0.9 

slight synergism; CI 0.6 to 0.8 moderate synergism; CI 0.4 

to 0.6 synergism; CI <0.4 strong synergism. 

In this study, two-fold serial dilutions of CEO, 

Gentamicin, and CEO + Gentamicin combination were 

prepared, with final concentration ranging from 0.78 - 25 

mg/mL of CEO, 0.18 - 6 µg/mL of Gentamicin, and 

0.39:0.094 - 12.5:3 of CEO + Gentamicin  (mg/mL:µl/mL) 

for S. aureus, S. epidermidis and E.coli, and from 3.13 - 

200 mg/mL of CEO, 0.09 - 6 µg/mL of Gentamicin, and 

3.13:0.047 - 200:3 of CEO + Gentamicin (mg/mL:µl/mL)   

for P. aeruginosa. 

2.8. Statistical Analysis  

All results are expressed as mean ± SD (n = 4). 

GraphPad Prism 9 software (GraphPad Software, San 

Diego, CA, USA) was used to perform statistical analyses. 

Pertaining samples that passed the Shapiro-Wilk normality 

test, an unpaired t-test was used to compare means in two 

independent groups, while Mann-Whitney tests were used 

for samples that did not show normal distribution. One-

way analysis of variance (ANOVA) was used to compare 

means of three groups or more and Tukey’s multiple 

comparison test was used as a post hoc test. A p-value of 

≤0.05 was considered a significant difference.  
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3. Results 

3.1. Qualitative analysis of the Coriander essential oil  

The amount of the CEO obtained from each 100 g 

coriander seeds was 0.313 (±0.01) mL, (n=3). GC analysis 

(Supplementary material: S1) of the hydro-distilled oil 

from the Coriander seeds revealed 6 major volatile 

compounds: α-pinene (terpene), limonene (aliphatic 

hydrocarbon), linalool (terpene alcohol), camphor (terpene 

ketone), o-cymene and γ-terpinene (hydrocarbons).  

3.2. Antibacterial activity of the Coriander essential oil  

In general, CEO inhibition and killing effects on the 

tested bacterial strains in this study were concentration 

dependent.  Table 1 shows the quality control and 

numeration of average growth of bacteria during study 

conduction as a negative control.  

Table 1. The tested bacteria numeration of average CFU/well of 

planktonic bacteria and CFU/peg sessile (biofilm). 

Test organism 

Planktonic 

concentrations 

(CFU/well)a 

Biofilm 

concentrations 

(CFU/peg)b 

Pseudomonas aeruginosa 

(ATCC 27853) 
3.00 × 107 6.30 × 107 

Staphylococcus epidermidis 

(ATCC 12228) 
2.95 × 106 5.40 × 106 

Staphylococcus aureus 

(ATCC 25923) 
2.00 × 107 9.90 × 106 

Escherichia coli 

(ATCC 14169) 
1.45 × 107 3.38 × 107 

a This column represents the mean number of planktonic bacteria 

growing in the wells of the MBEC Assay® plate at the same time 

the peg was sampled. 

b This column represents the mean number of sessile bacteria on 

each peg of the MBEC Assay® plate. 

3.3. Antibacterial activity of Coriander essential oil  

The effect of CEO was tested using different 

concentrations and observed onto each bacterial strain as 

planktonic and biofilm phenotypes, exhibiting different 

susceptibility effects as shown in Figure 2 and Figure 3. It 

was shown in Figure 1 that P. aeruginosa had the least 

susceptible tendency to the CEO, as it possessed the 

highest MIC concentration of CEO (25 mg/mL), whereas 

the MIC of E. coli, S. epidermidis and S. aureus were 

3.125, 6.25 and 3.125mg/mL, respectively. Complete 

eradication was detected on all tested bacterial strains at 50 

mg/mL of CEO, except for P. aeruginosa, which needed 

200 mg/mL of CEO to reach 2.97 log reductions. CEO 

showed a comparable antibacterial activity with the MIC 

of Gentamicin (positive control) against both P. 

aeruginosa (200 mg/mL) and S. epidermidis, (12.5 

mg/mL).  Furthermore, at concentration ≥25 mg/mL CEO, 

S. epidermidis, S. aureus and E. coli the antibacterial 

activity was significantly higher than MIC-Gentamicin.  
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Figure 1. The effect of CEO in mg/mL on planktonic bacteria. Results represented as mean ±SD (n=4). Positive control Gentamicin MIC = 

0.75 µL/mL (E. coli), 0.375 µL/mL (P. aeruginosa), 0.188 µL/mL (S. aureus) and 1.5 µL/mL (S. epidermidis).
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3.4. Antibiofilm activity of Coriander essential oil (CEO)  

The P. aeruginosa biofilm was the most resistant 

among the tested bacterial biofilms. The antibiofilm 

activity of CEO for P. aeruginosa was observed at 200 

mg/mL, with 2.18 log reduction (Figure 3). This effect was 

not significantly different from the positive control-

Gentamicin. For the other bacteria, antibiofilm activity of 

CEO on S. epidermidis, S aureus and E. coli was 

significantly observed at concentration of >25 mg/mL of 

CEO, which was associated with more than four log 

reduction, as shown in Figure 2.  
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Figure 2. The effect of Coriander essential oil (CEO) in mg/mL on biofilm bacteria. Results represented as mean ±SD (n=4). Positive 

control Gentamicin MBEC = 6 µL/mL (E. coli), >6 µL/mL (P. aeruginosa), 3 µL/mL (S. aureus) and 3 µL/mL (S. epidermidis). 

In general, similar antibacterial activities were 

observed for the combination of both CEO and 

Gentamicin, but at smaller concentrations of CEO. It was 

seen that the most resistant bacteria studied was P. 

aeruginosa; hence, 100mg/mL of CEO and 1.5 µg/mL 

Gentamicin exhibited 3 log reductions with combination 

index (CI)= 1 revealing that the effect was an additive 

effect. Similar additive effect was observed on E. coli, at 

6.25mg/mL CEO and 1.5 µg/mL Gentamicin. Substantial 

synergistic effect was observed upon using this 

combination on S. aureus, as CI=0.5. at 3.123 mg/mL 

CEO and 0.375µg/mL Gentamicin. In between, a moderate 

synergism for the combination was reported for S. 

epidermidis at 3.125 mg/mL CEO and 0.75 µg/mL 

Gentamicin.  

Table 2. The concentration values with 3 log reductions effect (99.9% reduce in bacteria), and the combination index for CEO (mg/mL) and 

Gentamicin (µg/mL) antibiotic against different planktonic bacteria strains.  

Tested bacteria 

(planktonic) 

CEO 

concentrationmg/mL 

Gentamicin 

Concentration 

µg/mL 

CEO concentration 

in combination 

mg/mL 

Gentamicin 

concentration in 

combination µg/mL 

Combination 

Index (CI) 
Type of effect 

P. aeruginosa 200  3  100  1.5  1 Additive effect 

S. epidermidis 12.5 1.5 3.125 0.75 0.75 Moderate synergism 

S. aureus 12.5 1.5 3.125 0.375 0.5 Synergism 

E. coli 12.5 3 6.25 1.5 1 Additive effect 

Furthermore, the combination of CEO-Gentamicin on 

biofilm of the studied bacteria had a positive effect 

exhibiting 2 log reductions on all bacteria except for E. 

coli, which had a CI >1.3 and is considered antagonism 

effect. A strong synergism was observed when using the 

combination on S. epidermidis, as CEO concentration 

dropped by 8 times and Gentamicin by 4 times. Even the 

most resistant biofilm of P. aeruginosa had a positive 

effect of the combination. To reach 2 log reductions on P. 

aeruginosa biofilm, a concentration of CEO was 12.5 

mg/mL and 0.189 µg/mL of Gentamicin. Moderate 

synergism was observed when using the combination of 

CEO and Gentamicin on S. aureus biofilm to exhibit 2 log 

reductions.  
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Table 3 The concentration values with 2 log reductions effect (99% reduce in bacteria), and the combination index for CEO (mg/mL) and 

Gentamicin (µg/mL) antibiotic against different biofilm bacteria strains. 

Tested bacteria 

(planktonic) 

CEO concentration 

mg/mL 

Gentamicin 

Concentration 

µg/mL 

CEO concentration in 

combination mg/mL 

Gentamicin 

Concentration in 

combination µg/mL 

Combination 

Index (CI) 
Type of effect 

P. aeruginosa 100  0.75  12.5  0.189  0.502 Synergism 

S. epidermidis 12.5 1.5 1.56 0.375 0.3748 Strong synergism 

S. aureus 12.5 0.75 3.125 0.375 0.75 Moderate 

synergism E. coli 3.125 1.5 3.125 0.75 1.5 Antagonism 

4. Discussion 

There is a worldwide interest in discovering new and 

safe antibacterial agents from natural sources. Essential 

oils (EOs) from natural products are being extensively 

studied and experimented for their potential as a source of 

biologically active compounds (Kabera et al. 2014; Amiri 

et al. 2016; Diao et al. 2014). Most of the studies carried 

out by researchers of different countries showed that the 

raw coriander seeds consisted mainly of linalool (72.7%) 

followed by γ-terpinene (8.8%), α -pinene (5.5%), 

camphor (3.7%), limonene (2.3%), geranyl acetate (1.9%) 

and o-cymene (1.5%). Coriander plant exhibits diverse 

biological activities beyond its medicinal uses, including 

anti-microbial and food preservative properties (Mandal et 

al., 2015). It was reported that leaves-coriander essential 

oil expressed a strong antibacterial activity against 

Bacillus subtilis followed by Stenotrophomonas 

maltophilia and Penicillium expansum (Özkinali et al. 

2017, Kačániová et al. 2020). In this study, CEO's major 

constituents were linalool, α -pinene, γ-terpinene, 

camphor, o-Cymene, and Limonene. Compared with other 

studies in other countries, the same compounds were 

identified in stage three coriander seed's essential oil. 

Variations in the concentrations of the constituents will 

probably be seen when compared to other studies due to 

different factors, including time of harvest and seasonal 

conditions (Mandal et al., 2015). Moreover, Linalool also 

represents the highest peak in the GC-MS in our study, 

matching the literature; this monoterpene alcohol poses 

antibacterial properties (Zengin et al., 2014) and anti-

inflammatory ones (Peana et al. 2002). Therefore, the 

detected antimicrobial activity in our work could be caused 

by the presence of linalool in the Jordanian CEO, which is 

a similar speculation to a study of CEO from Hanus, a.s. 
(Slovakia) (Kačániová et al., 2020). However, the exact 

model of inhibitory action of monoterpenes remains 

unknown and requires further studies.  Furthermore, the 

studies showed that the combination of linalool with α -

pinene resulted in an additive antimicrobial effect 

(Tserennadmid et al., 2011). According to literature, the 

antimicrobial activity of CEO was higher than that of its 

main constituent, linalool, suggesting synergistic effect 

due to the combination of more than one component (Silva 

et al., 2011). Moreover, fractional distillation of coriander 

essential oil showed that the fraction that presented as less 

potent but more effective against tested microorganisms 

was the one containing a superior concentration of linalool 

(Delaquis et al., 2002). These findings suggest that the 

anti-microbial activity is due to complex interactions 

between individual components that lead to the overall 

activity and not only to the effects of linalool, as could be 

expected. 

A study observed that alcohols and aldehydes 

constituents of CEO predominantly inhibited Gram-

positive bacteria, while linalool exhibited activity against 

Gram-negative strains (Delaquis et al., 2002). Another 

study highlighted the medium to strong anti-microbial 

activity of aromatic volatiles and essential oils against 

Gram-positive bacteria such as S. aureus and Gram-

negative bacteria like E. coli, with comparatively weaker 

effects against P. aeruginosa (Prabuseenivasan et al.,  

2006). The antibacterial prowess of CEO is potentially 

attributed to its constituents, particularly linalool, which is 

known to enhance membrane permeability. Thus, it 

induces structural changes in both Gram-positive and 

Gram-negative bacteria through interactions with 

membrane phospholipids, membrane proteins, and specific 

intracellular targets (Zengin et al., 2014). Additional CEO 

constituents, including α-pinene, camphor, γ-terpinene, 

geranyl acetate, and D-limonene, may also contribute to 

antibacterial effects by disrupting membrane structures, 

increasing permeability, damaging membrane proteins, 

and altering respiration and ion transport (Abdi-

Moghadam et al. 2023; Bunse et al. 2022). Furthermore, it 

was demonstrated that CEO induces membrane damage, 

permeabilization, loss of membrane potential, and 

disruption of efflux pump and respiratory activities in both 

Gram-positive and Gram-negative species (Taiwo et al., 

2017). 

In biofilms, bacterial cells exhibit increased resistance 

to antimicrobial agents compared to planktonic cells. 

Inhibiting biofilm growth poses a greater challenge than 

impeding cell attachment, a phenomenon consistent with 

prior findings (Sharma et al., 2023). In this study, the 

effect of 200 mg/mL CEO on the biofilms of E. coli, S. 

aureus, S. epidermidis, and P. aeruginosa yielded log 

reductions of 7.32, 6.92, 6.68, and 2.13, respectively.  A 

study investigated the anti-biofilm activity of Iranian C. 

sativum on S. aureus and E. coli. They demonstrated 

CEO's substantial anti-biofilm activity against both 

bacteria, with the lowest MIC values recorded at 0.8 µl/mL 

and 1.6 µl/mL for S. aureus and E. coli, respectively 

(Bazargani et al., 2016). Research identified the potential 

of the CEO as antibacterial against the biofilm produced 

by Acinetobacter baumannii at 4 μL/mL for MIC and 

MBC. In our study, we determined the antimicrobial 

activity with the MBEC® method (Duarte et al.,  2012). In 
a study done in 2016, antiadhesion tests for the 
evaluation of the reduction in the cell attachments 
using the crystal violet assay were accomplished for 
the CEO. They found a variety of effects of the CEO 
on the development and growth of the biofilm with 
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at least 50% reduction in cell attachment with a 
complete inhibition of S. aureus. According to this 
study, the CEO induced the decrease of biofilm 
formation against S. aureus up to 91% (Bazargani et 

al.,  2016). In parallel, Gentamicin possesses bactericidal 

efficacy specifically targeting aerobic Gram-negative 

bacteria, making it a valuable treatment option for various 

common infections and serving as a positive control in our 

study (Turner et al.,  2022). The mechanism of action 

involves oxygen-dependent active transport through the 

Gram-negative bacterial membrane. Aminoglycosides, 

including Gentamicin, are ineffective against anaerobic 

bacteria due to the oxygen requirement in this process. 

Upon reaching the cytoplasm, Gentamicin and other 

aminoglycosides bind to the 16S rRNA at the 30S 

ribosomal subunit, disrupting mRNA translation and 

resulting in the generation of truncated or non-functional 

proteins (Chaves BJ, 2023). A study done in 2018 has 

explored the combination of Gentamicin with essential 

oils. Caraway EO, for instance, exhibited synergy with 

Gentamicin against strains resistant to extended-spectrum 

beta-lactamases (ESBL) and gentamicin-resistant strains. 

Similar additive effects were observed when Gentamicin 

was combined with thyme, fennel, basil, and clary sage 

(Kwiatkowski et al., 2018). It is noteworthy that the 

combination of CEOs and antibiotics can impact multiple 

targets concurrently, as highlighted by a study, confirming 

that the mode of action of combination differs significantly 

than that of the same drugs acting individually 

(Hemaiswarya et al., 2008). In a study, the combination of 

Gentamicin and coriander essential oil was explored, 

revealing that CEO can potentially enhance the 

effectiveness of antibiotics against Acinto baumannii 

(Duarte et al., 2012). This bacterium, characterized as a 

Gram-negative, nonmotile, non-fermentative, and oxidase-

negative bacillus, poses a challenge in treatment (Duarte et 

al., 2012). The synergistic effect observed between CEO 

and antibiotics suggests promising avenues for addressing 

A. baumannii infections (Duarte et al., 2012). In our study, 

similar effects were noted using CEO against both 

planktonic and biofilm bacteria, aligning with the potential 

for essential oils to augment antibiotic efficacy. 

The broad spectrum of CEO's anti-microbial effects, as 

reported in the literature, may not be entirely mirrored in 

the context of our study, potentially limiting the 

generalizability of our findings. Despite these 

considerations, our investigation contributes valuable 

insights into the potential synergy between CEO and 

antibiotics, offering a basis for further exploration and 

refinement of anti-microbial strategies. Additionally, the 

study's focus on planktonic and biofilm bacteria provides 

valuable insights into the potential applications of CEO. 

However, the diverse nature of biofilms and their 

resistance mechanisms may not be fully captured by our 

experimental design. Biofilm formation is a complex 

process influenced by numerous factors, and the efficacy 

of CEO against biofilm-associated bacteria may be subject 

to variations that require further investigation. Finally, 

while our study sheds light on the potential synergistic 

effects of CEO with Gentamicin, acknowledging the 

limitations related to the choice of positive control, 

variations in essential oil compositions, and the specificity 

of interactions with different antibiotics and bacterial 

forms is crucial for a comprehensive interpretation of our 

findings. These limitations should be considered in the 

context of future research endeavors to refine our 

understanding of the potential applications of CEO in 

combination with antibiotics. 

5. Conclusion 

This study presents compelling evidence of the potent 

antibacterial activity of coriander seed essential oil (CEO) 

against a range of clinically relevant bacteria, including 

Pseudomonas aeruginosa, Staphylococcus aureus, 

Staphylococcus epidermidis, and Escherichia coli. 

Notably, CEO exhibits synergistic effects when combined 

with the antibiotic Gentamicin, suggesting a promising 

avenue for combination therapy. Moreover, CEO 

demonstrates remarkable efficacy in eradicating biofilms 

formed by S. aureus, S. epidermidis, and E. coli, with 

significant impact on pseudomonal biofilm.  

 The present research is the first to establish CEO 

action against biofilm in Jordan. The findings hold 

substantial implications for the management of chronic 

wounds, where biofilm formation poses a significant 

challenge. Furthermore, this study sheds light on the 

potential of CEO as a novel therapeutic approach in the 

field of infectious diseases, particularly for combating 

biofilm-associated infections that often exhibit resistance 

to traditional treatments. 
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Abstract 

Background: Obesity is a major problem for world health and a leading factor in morbidity and mortality. Investigating 
microRNA (miRNA) profiling may aid in advancing research on obesity and related diseases. The aim of this study was to 
investigate the expression levels of miRNA-344 and miRNA-365 in obese patients with and without hypertension compared 
to normal weight healthy controls to assess the potential use of these miRNAs as early and effective diagnostic markers for 
obesity and could be used as predictive markers for hypertension-related obesity. We also determined the relationship 
between the above-mentioned miRNAs and different biochemical parameters. 
Subjects and methods: We studied the expression of miRNA-344 and miRNA-365 in serum samples of 63 obese patients 
(29 obese patients with hypertension and 34 without hypertension) and 35 non-obese healthy individuals using quantitative 
real-time PCR. 
Results: The expression of miRNA-365 was down-regulated in the sera of obese patients with or without hypertension 
compared to controls. Also, the present study found that miRNA-344 expression levels were related to obesity and its related 
hypertension. Furthermore, the correlation analysis showed that the lipid profile was related to miRNA 365 and 344 
expression levels in hypertensive and obese patients. 
Conclusion: The expressions of miRNA-365 and miRNA-344 were related to obesity and its hypertension complications, 
suggesting that those miRNAs and their target genes might be involved in the development of obesity and hypertension. 

Keywords: microRNA (miRNA), miRNA-365, miRNA-344, obesity, hypertension complications. 
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1. Introduction 

Obesity has received widespread recognition as the 
cause of an elevated risk for disease, which raises all-cause 
mortality and shortens life expectancy by between 3.3 and 
18.7 years (Hu et al., 2004; Leung et al., 2015; GBD Risk 
Factors Collaborators, 2016; D'Agati et al., 2016; GBD 
Obesity Collaborators, 2017). In fact, obesity is becoming 
more and more prominent everywhere, and this trend 
represents a critical health concern because it is related to a 
number of comorbidities, such as the metabolic syndrome, 
which comprises dyslipidemia, hypertension, insulin 
resistance, and glucose intolerance (Ng et al., 2014). 
Consequently, obesity enhances the probability of 
developing type 2 diabetes, heart disease, chronic kidney 
disease, non-alcoholic fatty liver disease, and several 
cancers (D'Agati et al., 2016; Ghaben and Scherer, 2019). 
If the trend continues, overweight and obesity in the Irish 
population will affect 89% of men and 85% of women by 
2030. This will raise the prevalence of diabetes by 21%, 
malignancies by 61%, and coronary heart disease and 
stroke by 97%, all of which are directly associated with 
obesity (Keaver et al., 2013). The adverse consequences of 
obesity are partially mediated by the elevated total 
cholesterol and blood pressure, which have been linked 
with it (Lim et al., 2012). 

For optimal disease management and keeping obesity-
related comorbidities under control, early detection of 
alterations associated with obesity is essential. More 
research is currently being done on microRNAs 
(miRNAs), a type of small non-coding RNA molecules 
with 20–25 nucleotides that regulate gene expression by 
binding to mRNA and inducing transcript splicing or 
translation suppression (Bartel, 2004). In particular, 
mature miRNAs, known as circulating miRNA that are 
produced inside cells and released from the cytoplasm into 
the circulation, are extremely stable and resistant to 
storage handling. The noninvasive availability of body 
fluids (serum, plasma, and urine) and the existence of 
disease-specific circulating miRNA patterns provide the 
diagnostic and prognostic value of circulating miRNAs 
(Cortez et al., 2011). It is interesting to note that patients 
with metabolic diseases and healthy individuals have 
different circulating miRNA profiles (Guay and Regazzi, 
2013; Pescador et al., 2013; Ortega et al., 2014; Iacomino 
et al., 2016; Ji and Guo, 2019). Since metabolic syndrome 
can be acquired by a small percentage of obese people, 
abnormal miRNA expression may play a role in the 
development of metabolic disease. Furthermore, 
alterations in miRNA expression have been observed in 
obese phenotypes, and some miRNAs have been linked to 
metabolic diseases such as hypertension and insulin 
resistance (Huang et al., 2018; Suksangrat et al., 2019; 
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Lischka et al., 2021). As a result, miRNA may have an 
added benefit in identifying patients at risk for developing 
future diseases. In this regard, literature records that some 
miRNAs are confirmedly dysregulated in human obesity, 
so further investigation is required to fully understand how 
these miRNAs are related to metabolic disorders and how 
they can be used to diagnose, prevent, and treat obesity 
(Ortiz-Dosal et al., 2019; Vonhögen et al., 2020; Wang et 
al., 2021). 

It has been illustrated that the miRNAs 344 and 365 
influence adipocyte differentiation and stimulate 
adipogenesis via diverse pathways (Cho et al., 2019). 
Based on previous research, the regulation of adipocyte 
differentiation may be impacted by miRNA-344, although 
its exact role is unidentified (Qin et al., 2010). 
Subsequently, a prior study has suggested the fundamental 
role and mechanism of miRNA-344 in the suppression of 
adipocyte differentiation by activating the transcription of 
the Wnt/β-catenin signaling pathway downstream genes 
that decrease the expression of adipogenic genes (Chen et 
al., 2014). MiRNA-365 is located on chromosome 
16p13.12 and plays a role in a number of physiological 
functions (Zhu et al., 2018); thus, its expression and 
distribution vary throughout tissues and organs (Wu et al., 
2021). MiRNA-365, a mechano-responsive miRNA, has 
been identified to possess an intense ability to induce 
inflammatory symptoms (Zhao et al., 2021) and to develop 
different obesity grades (Gouda et al., 2023). Furthermore, 
patients with left ventricular hypertrophy-associated 
hypertension had considerably higher serum expression of 
miRNA-365, and there was a strong correlation between 
its expression differences and blood pressure (Wu et al., 
2021). 

As a result, we aimed to evaluate circulating miRNAs 
344 and 365 as biomarkers for the prediction and early 
detection of obesity and its related hypertension. Their 
prediction could explain the progress of obesity and its 
comorbidities. Also, our study aimed to correlate miRNA-
344 and miRNA-365 expression levels in obese, 
hypertensive, and obese patients with lipid profiles. 

2. Subjects and Methods  

2.1. Subjects 

A total of 63 obese patients with a BMI ≥ 30 kg/m2 (34 
without hypertension and 29 with hypertension) who 
underwent bariatric surgery for obesity from the Surgery 
Unit at Kasr Al Aini Hospital, Cairo, Egypt, were recruited 
in this study; their ages ranged between 25 and 60 years. 
Besides, 35 age- and sex-matched healthy adult volunteers 
with no medical history of obesity or its complications 
were included as controls. Prior to participating in the 
study, all subjects provided written informed consent. We 
excluded patients who met at least one of the following 
criteria: (1) patients with cardiovascular disease or 
cerebrovascular disease; (2) participants with secondary 
hypertension (HTN) or taking blood pressure-raising 
drugs; and (3) participants with diabetes, liver disease, 
kidney disease, and a past history of cancer. 

2.2. Sampling 

After a 12-hour fast, 5 mL of peripheral venous blood 
was obtained from all participants. After allowing blood to 
clot at room temperature (25 °C), sera were separated into 

two portions: the first for biochemical analysis and the 
second for adding to QIAZol in specially marked, sterile 
tubes for each individual subject and storing at − 80 °C 
until miRNA expression levels were determined. 

2.3. Anthropometric measures 

Body mass index (BMI) was assessed as weight in 
kilogrammes (kg) divided by height in metres squared 
(m2). A standardised electronic sphygmomanometer 
(OMRON, model HEM-7130) was used to measure each 
participant's blood pressure on the right arm while they 
were seated. Before the measurements, the participants 
rested for at least five minutes in a seated position with 
their arms resting at the level of their hearts. To reduce 
random error and give a more reliable basis for blood 
pressure calculation, we measured each subject's blood 
pressure three times, each one separated by a 10-minute 
delay. We then calculated the mean value of these three 
measurements. 

2.4. Biochemical analysis 

Stanbio Laboratory, USA, provided the lipid profile 
kits (total cholesterol (TC), triglycerides (TG), and high-
density lipoprotein cholesterol (HDL-c). According to 
Allain et al. (1974) and Fredrickson et al. (1967), serum 
TC and TG were measured using an enzymatic 
colorimetric method, HDL-c was determined using Finley 
et al.'s (1978) methodology, and low-density lipoprotein 
cholesterol (LDL-c) was calculated using Friedewald's et 
al. (1972) formula as TC-HDL-c-TG/5. According to 
Heinz and Beushausen (1981), a fasting plasma glucose 
test was conducted immediately using the Stanbio 
Laboratory (USA) kit. With the use of a kit purchased 
from Human Company (Germany), the serum's AST and 
ALT activities were assessed in accordance with Bermeyer 
and Horder (1980). Serum urea level was estimated using 
the Modified Urease-Berthlot Method (Kaplan, 1984). 
Creatinine serum level was determined by using Jaffe 
Colorimetric-Kinetic, according to Murray (1984). 

2.5.  MiRNA expression 

According to the manufacturer's instructions, total 
RNA was extracted using the miRNeasy Mini isolation kit 
from QIAgen, Germany. The MicroRNA reverse 
transcription (RT) Kit (Applied Biosystems) and particular 
miRNA RT primers were used to reverse-transcribe 
miRNA-344 and miRNA-365 in accordance with the 
manufacturer's instructions.  MiRNA-344 primers were 
(F): ACACTCCAGCTGGGTGATCTAGCCAAAGCCT; 
(R): GTGCGTGTCGTGGAGTCG; and miR-365 primers 
were (F): ATAGGATCCTGAGGTCCCTTTCGTG; (R): 
GCGAAGCTTAAAAACAGCGGAAGAGTTTGG. 

Thermo Fisher Scientific Inc.'s NanoDrop 2000c 
spectrophotometer was used to measure the quantity and 
quality of RNA. All RNA samples were determined to be 
of sufficient quality for qPCR analysis (1.93-2.10) based 
on measurement of the A260/A280 ratios. A final volume 
of 20 μL was created by mixing 2 μL of RT products with 
10 μL of SYBR green PCR master mix, 1 μL of miRNA 
assays, and additional nuclease-free water. On a real-time 
system (Applied Biosystems), all reactions were carried 
out under the following conditions: 95 °C for 10 min, then 
40 cycles of 95 °C for 15 s and 60 °C for 60 s. Target 
miRNA relative expression was normalised to U6. Using 
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the equation 2−ΔΔCt, fold changes in candidate miRNA 
expression were calculated (Livak and Schmittgen, 2001). 

2.6. Statistical analysis 

The statistical package for the social sciences, SPSS, 
version 20 (SPSS Inc., Chicago, IL, USA), was used to 
analyse the data. Means and standard error were used to 
characterise quantitative variables. To compare groups, an 
analysis of variance (ANOVA) test was used. For skewed 
and normally distributed data, respectively, Spearman 
ranks and Pearson correlation coefficients were used to 
determine correlations between miRNA expression levels 
and biochemical parameters. Significant expression levels 
were graphically represented by boxplot graphs. When the 
difference between the groups was less than 0.05, it was 
considered statistically significant, and when it was < 0.01, 
it was highly significant. 

3. Results 

3.1.  Anthropometric and clinical characteristics of the 
studied subjects 
In the current study, 63 obese patients were enrolled: 

23 males and 40 females, with a mean age of 43.15 ± 1.5 
years. A control group consists of 35 healthy individuals, 
20 males and 15 females, with a mean age of 40.3 ± 0.94 
years (Table 1). BMI, total cholesterol, triglycerides, 
HDL-cholesterol, and LDL-cholesterol displayed a 
significant rise in obese groups with and without 
hypertension compared to controls (P-values <0.05). 

3.2. The expressions of miRNAs 344 and 365 in obese 
patients with and without hypertension and controls 

Calculated expression levels of miRNAs 344 and 365 
revealed that miRNA-344 expression was significantly 
elevated in the sera of obese patients without hypertension 
compared to obese patients with hypertension and 
compared to controls, as its expression increased in the 
obese non-hypertensive group compared to the control 
group and then decreased again in the obese hypertensive 
group, while serum expression values of miRNA-365 were 
significantly decreased among both obese patients with 
and without hypertension compared to controls (Table 2 
and Figure 1). 

3.3. The correlations of circulating miRNAs 344 and 
365 with BMI and lipid profile in obese subjects with or 
without hypertension 
A correlation analysis was done to address the 

correlated variables to miRNA expression levels. The 
results showed that serum values of miRNA-344 were 
negatively correlated with TG in obese patients with and 
without hypertension (r=-0.835, P=0.000, and r=-0.352, 
P=0.026, respectively), but positively correlated to HDL-C 
in obese patients without hypertension (r=0.315, 
P=0.048), and also positively correlated to BMI, 
cholesterol, and LDL-C in obese patients with 
hypertension (P<0.05). On the other hand, miRNA-365 
was positively correlated with BMI and TG in obese and 
obese hypertensive patients with P values less than 0.05, 
more so negatively correlated with LDL-C in obese 
patients without hypertension (r=-0.312, P=0.013), and 
positively correlated with HDL-C (P=0.038) in obese 
patients with hypertension (Tables 3 and 4). 

Table 1. Anthropometric measurements and clinical data of obese hypertensive, obese patients and controls  

Parameter Obese Hypertensive (n=29) Obese  (n=34) Control (n = 35) P-value 

Age (Years) 45.31±2 41.0±1.6 40.31±0.94 0.057 

Sex, n (%) 

Male 

Female 

13 (44%) 

16 (56%) 

10 (29%) 

24 (71%) 

20 (57%) 

15 (43%) 
0.105 

Body mass index (kg/mP

2
P) 37.56±2.2 37.27±0.98 21.15±0.43 <0.001 

Fasting Glucose (mg/dL) 90±1.7 85.79±1.8 84.56±2.5 0.115 

Total cholesterol (mg/dL) 175.38±6.7 180.21±9.4 145.71±1.9 <0.001 

Triglycerides (mg/dL) 135.69±8.7 125.75±10.5 87.86±2.46 <0.001 

HDL-cholesterol (mg/dL) 55.38±1.1 57.75±1.6 50.43±0.72 0.030 

LDL- cholesterol (mg/dL) 92.86±7.7 97.31±9 77.71±0.73 <0.001 

Urea (mg/dL) 22.875±0.76 23.51±0.64 24.03±0.45 0.418 

Creatinine (mg/dL) 0.93±0.016 0.92±0.026 0.87±0.022 0.164 

AST (IU/L) 25±0.55 23.71±0.85 23.17±0.53 0.2 

ALT (IU/L) 24.25±0.68 23.92±0.65 24±0.55 0.945 

Numeric variables are presented as mean ± SE. 
P value for comparison between obese and control groups.      
P values <0.05 are represented in bold font and considered statistically significant. 
HDL: High density lipoprotein              LDL: Low density lipoprotein    
AST: Aspartate aminotransferase   ALT: Alanine aminotransferase             
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Table 2. The expression of circulating miRNA 344 & miRNA 
365 in obese with and without hypertension and control groups  

P value <0.05 are represented in bold font and considered as 
statistically significant. 
a  Considered statistically significant from the control group. 
b  Considered statistically significant from the obese group. 

Table 3. Correlation analysis of the circulating miRNAs 344 and 
365 with BMI and lipid profile in obese patients without 
hypertension 

  BMI TC TG LDL-c HDL-c 

miRNA-344 
r 

P 

0.169 

0.430 

-0.020 

0.349 

-0.352* 

0.026 

-0.172 

0.422 

0.315* 

0.048 

miRNA-365 
r 

P 

0.297* 

0.018 

0.364 

0.080 

0.297* 

0.018 

-0.312* 

0.013 

0.152 

0.479 

Spearman rank correlation coefficients and Pearson 
correlation coefficients for skewed and normally distributed 
values, respectively. 
The bold format represents the significant p values (*P≤0.05). 
r: correlation coefficient; BMI: body mass index; TC: total 
cholesterol; TG: triglycerides; HDL-c: high density 
lipoprotein cholesterol; LDL-c: low density lipoprotein 
cholesterol. 
Table 4.0Correlation analysis of the circulating miRNA-344 and 
miRNA-365 with BMI and lipid profile in obese patients with 
hypertension 

  BMI TC TG LDL-c HDL-c 

miRNA-
344 

r 

P 

0.627** 

0.009 

0.529* 

0.035 

-0.835** 

0.000 

0.676** 

0.004 

-0.129 

0.635 

miRNA-
365 

r 

P 

0.663** 

0.005 

-0.263 

0.325 

0.585* 

0.017 

-0.025 

0.927 

0.522* 

0.038 

The bold format represents the significant p values 
Significant levels: *P≤0.05, ** P ≤ 0.01. r: correlation 
coefficient 

 
Figure 1. The relative miRNA-344 and miRNA-365 expressions 
in control, obese, and obese-hypertensive groups 

Control group: healthy subjects with normal weight; Obese group: 
obese patients without hypertension; Obese Hypertensive group: 
obese patients with hypertension as an obesity complication. 

4. Discussion 

Over the last 20 years, obesity and obesity-related 
disorders have rapidly become a global public health 
concern. Recently, numerous miRNAs have been 
demonstrated to be important regulators of adipogenesis, 
more so miRNAs which are induced during adipogenesis 
and are down-regulated in blood samples from obese 
patients (Sun et al., 2011). MiRNA-344 and miRNA-365 
have been reported to impair adipocyte differentiation 
(Price and Fernández-Hernando, 2016). Furthermore, 
Almeida and Calin (2016) have demonstrated that these 
miRNAs play a role in metabolic diseases and adipocyte 
differentiation. Based on the metabolic anomalies seen in 
obesity, the dysregulation of microRNA patterns, 
intracellular and/or extracellular, may be taken into 
consideration. More specifically, extracellular vesicles' 
altered miRNA patterns in obese patients have been 
thoroughly characterised, which raises the possibility that 
other miRNAs carried by extracellular vesicles may 
contribute to the development of cardiovascular problems 
(La Sala et al., 2021). 

MicroRNA 
Obese 
Hypertensive 
(n=29) 

Obese                
(n=34) 

Control                 
(n = 35) 

P-
value 

miRNA 344 
Mean ± SE 

0.254±0.05b 

Mean ± SE 

0.695±0.14a 

Mean ± SE 

0.35±0.04 

 

0.003 

miRNA 365 0.53±0.3a 0.57±0.18a 1.18±0.1 0.019 
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Our study investigated the expression levels of 
miRNA-344 and miRNA-365 in obese patients with and 
without hypertension and healthy controls to assess the 
potential of using these miRNAs as early and effective 
diagnostic markers for obesity and obesity-related 
hypertension and also to correlate these miRNAs with the 
lipid profiles of obese patients with and without 
hypertension. We found that miRNA-344 was differently 
expressed in the sera of obese patients compared to obese 
hypertensive patients and controls. Our results are in line 
with a recent study that revealed that miRNA-344 was up-
regulated, even though not substantially, in the various 
obese categories based on BMI (Gouda et al., 2023). 
Moreover, the previous study by Qin et al. (2010) 
implicated that miRNA-344 had an elevated level during 
the process of adipogenesis as it might be involved in 
regulating adipocyte differentiation via the Wnt signalling 
pathway in a cell model. Conversely, Chen et al. (2014) 
demonstrated that miRNA 344 was significantly reduced 
in established culture conditions during adipogenesis and 
could inhibit pre-adipocyte differentiation. This could be 
explained by the phosphorylation of β-catenin in rats 
tissues, which allows it to accumulate in the cytoplasm and 
enter the nucleus, where it stimulates the transcription of 
β-catenin-dependent genes and activates the Wnt/-catenin 
signalling pathway by downregulating the expression of 
glycogen synthase kinase 3 beta (GSK3β), which results in 
a decrease in the expression of adipogenic genes, 
suggesting that miR-344 controls the process of adipocyte 
differentiation (Qin et al., 2010; Guo et al., 2020). 

Our study showed that the expression of miRNA-365 
was down-regulated in obese patients with or without 
hypertension compared to controls. However, till now, no 
research has examined the relationship between miRNA-
365 and blood pressure in patients who are considered 
obese. Consistent with our finding regarding the 
expression levels of the above-mentioned miRNA in obese 
individuals, Gouda et al. (2023) showed that there was a 
notable decline in miRNA-365 expressions between obese 
patients of classes I and II compared to normal weight 
controls, while its expression was elevated in obese class 
III. Conversely to the current results concerning 
hypertension, according to the study of Wu et al. (2021), 
miRNA-365 serum expression was up-regulated in patients 
with left ventricular hypertrophy (LVH) accompanied by 
hypertension by targeting the S-phase kinase-associated 
protein 2, suggesting a clear correlation of miRNA-365 
with hypertension and LVH-related blood pressure. More 
so, miRNA-365 has been reported to regulate the 
progression of the atherosclerosis process (Lin et al., 2016; 
Surma et al., 2020). Regarding the molecular biological 
assessment of the pathogenesis of hypertension, several 
studies have demonstrated a close relationship between the 
onset and progression of hypertension and miRNAs (Wu et 
al., 2017; Leimena and Qiu, 2018). According to findings 
from a 5-year longitudinal study, miRNAs in circulating 
blood vessels are linked to hypertension, suggesting that 
reduced serum expression levels of specific miRNAs are 
attributed to elevated blood pressure and new cases of 
hypertension (Nakamura and Sadoshima, 2018). 
Additionally, further investigation revealed notable 
differences in the expression levels of some miRNAs 
between healthy controls and patients with severe 
hypertension. Therefore, significant changes in the target 

genes independently regulated by these miRNAs were 
revealed, sparking more interest in the mechanisms 
expanding the variation in the expressions of circulating 
miRNAs (Shi et al., 2020), implying that miRNA 
expression could contribute an alternative perspective to 
the diagnosis and prognosis of hypertension and could be 
further investigated as a possible biomarker for the 
prediction of hypertension (Wu et al., 2021). Significant 
correlations with BMI further support the link between 
miR-365 and obesity and show that the biomarker is valid 
in obese patients without high blood pressure, which was 
not the case with miRNA-344. This is consistent with 
findings from other research looking for biomarkers 
associated with obesity. On the other hand, our results 
showed BMI correlations with miRNAs 344 and 365 in 
obese hypertensive patients. MiRNAs regulate lipid 
metabolism and also contribute to the occurrence of 
obesity and its complications (Kadamkode and Banerjee, 
2014; Plaisance et al., 2014). In this regard, the correlation 
analysis in our study showed that miRNA-344 and 
miRNA-365 were correlated with lipid profiles in obese 
patients with and without hypertension. We demonstrate 
that in obese patients, miRNA-344 was positively 
connected with HDL, negatively associated with 
triglycerides, and also positively correlated with total 
cholesterol and LDL in obese hypertensive patients. 
However, miRNA-365 was associated with triglycerides 
and LDL, which are interconnected risk factors for 
metabolic illness. Excessive lipids, a low-grade systemic 
chronic inflammatory condition, and the accumulation of 
excessive visceral fat are all characteristics of obesity 
(Mirhafez et al., 2016). So, these mechanisms set off a 
chain of events that leads to salt retention, endothelial 
dysfunction, increased RAAS and sympathetic nervous 
system stimulation, poor control of barometric and 
chemoreflexes, and high blood pressure (Seravalle and 
Grassi, 2017; Vonhogen et al., 2020). 

This is because the levels of many miRNAs are 
different in obese people compared to healthy controls, 
making them possible for non-invasive metabolic 
biomarkers (Heneghan et al., 2011; Ortega et al., 2013; 
Prats-Puig et al., 2013; Cui et al., 2018; Al-Rawaf, 2019; 
Ji and Guo, 2019). However, the first validation of 
circulating miRNA-344 and miRNA-365 as significantly 
expressed circulating serum miRNAs in obesity and its 
related hypertension added a novel marker to obesity 
miRNA signatures. The present study concludes that the 
expressions of miRNA-344 and miRNA-365 were altered 
in the sera of obese patients with or without hypertension 
compared to controls, suggesting that circulating miRNAs 
344 and 365 have additive values as predictive markers for 
obesity and related hypertension. Future research can be 
directed towards extracting and validating their target 
genes that might be linked to the pathological development 
of obesity and hypertension complications. 
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Abstract 

Wheat is the most strategic cereal crop worldwide. Studies on the genetic similarities among wheat genotypes are very 
helpful in the selection of high-quality parents with desirable traits. This study was performed for the discrimination among 
thirteen wheat genotypes using water-soluble protein, nine Random amplified polymorphic DNA (RAPD) and five Inter 
simple sequence repeat (ISSR) primers. The maximum genetic similarity percentage was documented between Shandweel1 
and Sids12 (96.8%), while the minimum genetic similarity was found between Misr 1 and Sakha 93 (67.7%) based on water-
soluble protein profile. On the other hand, the highest percentage of similarty was reported between Sakha 93 and line 18 
(95%), while the lowest similarity percentage was found between Gemmeiza 10 and Sids 12 (1.9%), depending on RAPD-
PCR. Besides, the highest similarity percentage was recorded between Sakha 93 and Sakha 94 (98.5%), and the least 
relationship was found between Gemmeiza 9 and sids 12 (66%) based on ISSR-PCR results. RAPD-PCR gave the highest 
polymorphism (62.35%), followed by ISSR-PCR (54.05%). Finally, SDS-PAGE scored the least polymorphism (35.48%). 
Despite that, protein analysis provided us with insufficient results, yet it provided us with useful information on the 
relationships among closely related genotypes and detected the unique band of 13 kDa in the genotype Sids12. Therefore, 
RAPD and ISSR assays are considered powerful markers for the differentiation among studied wheat genotypes compared 
with SDS-PAGE. 

Keywords: Wheat, Genetic diversity, Biochemical marker, RAPD and ISSR. 
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1. Introduction:  

Triticum aestivum L. (hexaploid wheat, AABBDD, 
(2n= 6X= 42)) is the most strategic cereal crop worldwide. 
Wheat grains are rich in proteins (albumins, globulins, 
prolamins, and glutelins) and carbohydrates, which are 
used for assessing bread quality (Cooke and Law, 1998; 
Izadi–Darbandi et al., 2010). Developed countries are 
goals to cultivate wheat crop to afford their population’s 
consumption and trade the excess to developing countries 
for hard currency.  Production of high-quality species is in 
great need to keep the lead in markets.  Studies on the 
genetic similarities amongst genotypes are very helpful in 
the selection of high quality parents with desirable traits to 
breed on a large scale under various agro-climatic 
conditions and stresses (Qadir et al., 2017).  

Genetic diversity means the existence of the anchored 
inherited variation among different varieties within the 
same species (Salgotra and Chauhan, 2023). Numerous 
factors influence genetic diversity of plants such as 
evolutionary factors, mutation, migration, and genetic drift 
may cause constant changes in allelic frequency. Hence, 
some morphological, cytological, biochemical, and 
molecular markers are used for assessing genetic diversity. 

Protein banding patterns using the SDS-PAGE 
technique could be used to analyze the variability of 
proteins for detecting the phylogenetic relationships and 
genetic diversity of adapted plant cultivars, improving the 
productivity of plant breeding programs, and evaluating 
the genetic diversity among different plant genotypes (Jha 
and Ohri, 1996; Iqbal et al., 2005). 

Several molecular markers based on DNA investigation 
such as RAPD, ISSR, and SSR were utilized to 
discriminate among different plant genotypes (Gowayed 
and Abd El-Moneim,  2021; Shaban et al., 2022; 
Abouseada et al., 2023). Molecular markers are classified 
into numerous groups depending on the mode of gene 
action: co-dominant markers such as SSRs or dominant 
markers such as RAPD and ISSRs (Souframanien and 
Gopalakrishna, 2004). 

Randomly amplified polymorphic DNA (RAPD) has 
been widely utilized for determining the genetic difference 
in Triticum because this method is fast, easy to achieve, 
and inexpensive (Shukre et al., 2015). In addition, inter-
simple sequence repeats ISSR markers have been 
performed for resolving intra- and inter-genomic 
relationships for discrimination of different plant 
specimens (Khurana-Kaul et al., 2012; Velasco-Ramirez et 
al., 2014). ISSR markers are considered reproducible 
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fingerprinting for assessing genetic variability among 
wheat genotypes (Najaphy et al., 2012; Osman and 
Ramadan, 2020).  

The present study is carried out to detect the genetic 
relationships among thirteen Egyptian bread wheat 
genotypes using biochemical marker (SDS-PAGE) and 
two different molecular markers (RAPD and ISSR).  

2. Materials and Methods 

2.1. Plant Materials  

Thirteen hexaploid wheat genotypes (Triticum aestivum 
L.) 2n = 6X = 42, were kindly obtained from the 
Agricultural Research Center, Ministry of Agriculture, 
Giza, Egypt as listed in Table (1). 

 
Table 1. The Pedigree and year of release for studied thirteen hexaploid wheat genotypes. 

2.2. Protein banding patterns via SDS-PAGE technique:  

Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) was performed according to 
the method of Laemmli (1970) as modified by Studier 
(1973).  After that, the electrophoresis gel was stained with 
Coomassie Brilliant Blue dye, and then destained to 
visualize the protein bands. The images were transferred to 
the analyzer program (Total Lab program) to detect the 
molecular weight of each band among the examined 
genotypes. Data was imported into the SPSS program to 
determine the similarity matrix and dendrogram (UPGMA, 
using Jaccardʼs coefficient), which reflect the relationships 
among the studied genotypes. 

2.3. DNA extraction  

Young leaves of randomly selected samples of each 
genotype (0.1 gm) were used for genomic DNA extraction 
using (bio-basic kits). The extracted plant genomic DNA 
was quantified via a NanoDrop 1000 spectrophotometer 
(Thermo Scientific). 50ng/μl was then used as a DNA 
template for PCR reaction.  

2.3.1.  RAPD-PCR amplification 
Nine RAPD primers were utilized for RAPD 

amplification (Table 2). The amplification was performed 

in 25μl reaction mixture, which contained 2 μl of genomic 
DNA (50 ng/ μl), 3μl primer (10 pmol), 10X Taq DNA 
polymerase reaction buffer (2.5μl), Taq DNA polymerase 
(1.5 units) and dNTPs (200 mm). Thermocycler (PTC-100 
PCR version 9.0-USA) was adjusted for PCR 
amplification using the following program: 94°C for 5 min 
(Initial denaturation, one cycle), followed by 35 cycles of  
94°C for 30 s,42°C for 90 sec., 72°C for 90 Sec, and final 
extension at 72°C for 2 min. 
Table 2. Code and sequences of nine RAPD primers. 

 
 

Ser. No. genotypes genotype Pedigree Source year 

1 Sakha94 Cultivar 
Opata/ Rayon//Kauz 

CMBW90Y31800-TOPM-3Y-010M-010Y-1OM-015Y-0Y-0AP-OS 

Egypt 
2004 

2 Sakha93 Cultivar Sakha 92TR810328 S 88711-S-2S-1S-0S Egypt 1999 

3 Gemmeiza10 Cultivar Maya74”S”/On//11603/147-/Bb/4/Chat”S”/5/ctow Egypt 2004 

4 Misr2 Cultivar 
SKAUZ/BAV92 

CMSS96M03611S-1M-010SY-010M-010SY-8M-0Y-OS 

Egypt 
2011 

5 Sids1 Cultivar HD 2172/Pavon”S”//1158.57/Maya 74”S” Egypt 1996 

6 Sids12 Cultivar 
BUC//7C/ALD/5/MAYA74/ON//1160.1473//BB/GLL/4/CHAT”S”/6/MAYA 

/VUL//CMMH74A.6304/*SX  SD70964-SD-1SD-1SD-0SD 

Egypt 
2007 

7 Giza168 Cultivar MIL/BUC//Seri CM930468-M-0Y-0M-2Y-0B Egypt 1999 

8 Misr1 Cultivar OASIS/SKAUZ//4*BCN/3/2*PASTOR CMSS00Y01881T-050M-030Y-030M-
030WGY-33M-0Y-0S 

Egypt 2010 

9 Shandweel1 Cultivar Site/MO/4/Nac/Th.Ac//3*Pvn/3/Mirlo/Buc  CMSS93B00567S-72Y-010M-010Y-
010M-3Y-0M-0THY-0SH 

Egypt 2011 

10 Line12 
(Hatcher) Line Yuma՚PI372129//TAM 200/3/4*Yuma/4/KS91H184/Vista Colorado, 

USA -- 

11 Line18 (Kofa) Line Selection from composite cross T. dicoccon alpha-85 5-1 Colorado, 
USA -- 

12 Line20 (Lovrin 
34) Line Ranin aja 12/Nadodores 63//Lovrin12 Romania -- 

13 Gemmeiza9 Cultivar Ald”S”/Huac”S”//CMH74A.630/5X  CGM4583-GM-1GM-0GM. Egypt 1999 

Primer code Sequence (5`→3`) 
OPA-02 CAGGCCCTTC 
OPA-04 AATCGGGCTG 
OPA-07 GAAACGGGTG  
OPB-07 GGTGACGCAG 
OPB-10 CTGCTGGGAC 
OPO-10 TCAGAGCGCC 
OPO-13 GTCAGAGTCC 
OPO-14 AGCATGGCTC 
OPO-19 CAATCGCCGT 
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2.3.2. ISSR-PCR amplification  
PCR reactions were carried out by using ISSR primers 

(Table 3) according to Zietkiewciz et al. (1994). The 
reaction mixture was standardized to 20 μl (2.5 mM PCR 
buffer 1X, MgCl2, 1 mM dNTPs, Primer 10 pmol, 1 unit 
Taq polymerase, genomic DNA (50 ng/ μl). The following 
PCR program was used in a DNA Thermocycler (PTC-100 
PCR version 9.0-USA). Initial denaturation at 94°C for 5 
min (one cycle), followed by 38 cycles of  94°C for 30 sec,  
56 °C for 1 min annealing, 72°C for 2 min, and a final 
extension at 72 °C for 10 min (one cycle) then hold at 4°C.  
Table 3. Code and sequences of five ISSR primers. 

2.3.3. Gel electrophoresis 
100 bp DNA ladder (Ferments Life Sciences) and PCR 

products of RAPD and ISSR were separated on 1% and 
1.5% (w/v) agarose gels (staining with ethidium bromide), 
respectively in 1X TAE buffer (Sambrook et al., 1989). A 
gel documentation system (Biometra - Bio 
Documentations) was used for visualizing PCR products 
by UV-transilluminator and photographed and detecting 
the polymorphism among the studied bread wheat 
genotypes. 

2.3.4. Data analysis 
The amplified bands of RAPD and ISSR were scored 

as (1) for presence and (0) for absence for each of the 
thirteen wheat samples according to the gel analyzer 
program to detect positive and negative markers. The 
similarity coefficients were generated by the SPSS 
program version 10 (Nie et al., 1975) to construct a 
dendrogram by the unweighted pair group method with 
arithmetical average (UPGMA). 

3. Results  

3.1. Identification of wheat genotypes by SDS-PAGE:   

Obvious differences in protein banding patterns via the 
SDS-PAGE technique appeared in the protein profiles of 
thirteen wheat genotypes, as shown in Figure (1) and Table 
(4). The electrophoresis was estimated based on the 
molecular weights (MWs) of each band, which were 
represented with a unit of kilo Daltons (kDa). The total 

number of bands was 31 bands, of which twenty were 
monomorphic and eleven were polymorphic (35.48% 
polymorphism), including one -ve unique band of MW 13 
kDa, which disappeared in Sids12 cultivar. The highest 
number of bands (31 bands) was exhibited in Sids12 
cultivar, while Sakha93 exhibited the least number of 
bands (26 bands). 

After the analysis of the obtained image of protein 
profiles via Jaccard coefficient similarity index, the genetic 
similarity index and dendrogram tree of the studied 
thirteen wheat genotypes were achieved, as shown in 
Table (5) and Figure (2). The similarity values showed 
substantial differences among the studied wheat 
genotypes. For instance, the similarity of soluble protein 
profiles ranged from 67.7% to 98.6%, with an average of 
83.85%. The highest similarity was recorded between 
Shandweel1 and Sids12 (96.8%) while the least genetic 
similarity was recorded between Misr1 and Sakha93 
(67.7%). 

Dendrogram represents the genetic relationships among 
the thirteen wheat genotypes using UPGMA cluster 
analysis generated from protein marker, which ended to 4 
subgroups and five solitary genotypes. The four subgroups 
are: (line 12& Gemmeiza 10 with a similarity coefficient 
93.1%), (Giza 168& Sids 1 with similarity coefficient 
96.6%), (line 20& Misr 2 with a similarity coefficient 
93.1%) and (Shandaweel1& Sids 12 with a similarity 
coefficient 96.8%). 

 
Figure  1. Water soluble proteins banding patterns for thirteen 
wheat genotypes.  

Lane M: Protein marker (270-6.5KDa). 
Lane 1: Sakha94.        Lane 2: Sakha93.         Lane 3: 
Gemmeiza10.     Lane 4: Misr2.        Lane 5: Sids1.         
Lane 6: Sids12.     Lane 7: -Giza168.     Lane 8: Misr1.      
Lane 9: Shandweel1.     Lane 10: Line12 (Hatcher).       
Lane 11: Line18 (Kofa).   Lane 12: Line20 (Lovrin 34).   
Lane 13:  Gemmeiza9.

Primer code Sequence (5`→3`) 

A12 (GA)R6RCC 
UBC-811  (GA)R8R AC 
UBC-817 (CA)R8RA 
UBC-814 (CT)R8RA 
UBC-815 (CT)R8RG 
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Table 4.Banding patterns of water soluble proteins for thirteen wheat genotypes. 

Lane 1-Sakha94.    Lane 2-Sakha93.          Lane 3- Gemmeiza 10.     Lane 4-Misr2.       Lane 5-Sids1.         Lane 6-Sids12.         

Lane 7-Giza168.      Lane 8-Misr1.           Lane 9-Shandweel1.         Lane 10-Line12 (Hatcher).     Lane 11-Line18 (Kofa).     

Lane 12-Line20 (Lovrin 34).       Lane 13- Gemmeiza 9.  

(-) absent band.            (+, ++ and +++) gradual increase in the band intensity. 

 

 

13 
12 11 10 9 8 7 6 5 4 3 2 1 

Genotype  

MW No 

+ + + + + + + + + + + + + 253 1 

- + - + + - - + - + + + + 209 2 

+ + + + + + + + + + + + + 135 3 

+ + - - + + + + + + - - - 125 4 

+ + + + + + + + + + + + + 115 5 

+ + + + + + + + + + + + + 108 6 

+ + + + + + + + + + + + + 95 7 

+ + + + + + + + + + - - + 82 8 

+++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 56 9 

+ + + + + + + + + + + + + 46 10 

+ + + + + + + + + + + + + 43 11 

+ + + + + + + + + + + + + 41 12 

- - - + - + - + - - + + - 40 13 

++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 38 14 

+ + + + + + + + + + + + + 36 15 

+ + + + + + + + + + + + + 35 16 

+ + + + + + + + + + + + + 34 17 

+ + + + + + + + + + + + + 31 18 

+ + + + + + + + + + + + + 29 19 

+ + + + + + + + + + + + + 28 20 

+ + + + + + + + + + + + + 25 21 

+ + + + + + + + + + + + + 21 22 

+ + - + + + + + + + + - + 20 23 

+ + + + + + + + + + + + + 18 24 

+ - - + + + + + + + + - + 17 25 

++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 15 26 

- - - - + + + + + - - - - 14 27 

+ + + + + - + + + + + + + 13 28 

- + + + + - + + + + + + - 12 29 

+ + + + + + + + + - - - - 10 30 

+ + + + + - + + - + + + + 9 31 

27 28 26 29 30 27 29 31 28 28 27 25 26 Total bands 



 © 2024  Jordan Journal of Biological Sciences. All rights reserved - Volume 17, Number 4 605 

Figure 2. phylogenetic tree using water soluble proteins of thirteen wheat genotypes. 

1-Sakha94.    2-Sakha93.         3-Gemmeiza10.     4-Misr2.        5-Sids1.         6-Sids12.        7-Giza168. 

 8-Misr1.  9-Shandweel1.  10-Line12 (Hatcher).  11-Line18 (Kofa).   12-Line20 (Lovrin 34).   13- Gemmeiza9. 
Table  5. proximity matrix of relationship among thirteen wheat genotypes using water soluble proteins. 

Case 
Sakha 
94 

Sakha 
93 

Gemesa 
10 

Misr2 Sids 1 Sids12 Giza168 Misr1 
Shand-
weel1 

Line12 
(Hatcher) 

Line18 
(Kofa) 

Line20 
(Lovrin 34) 

Gemesa
9 

Sakha94 1.000 
            

Sakha93 0.821 1.000 
           

Gemmeiza10 0.893 0.926 1.000 
          

Misr2 0.929 0.828 0.897 1.000 
         

Sids1 0.800 0.710 0.774 0.867 1.000 
        

Sids12 0.839 0.806 0.871 0.903 0.903 1.000 
       

Giza168 0.833 0.742 0.806 0.900 0.966 0.935 1.000 
      

Misr1 0.767 0.677 0.742 0.774 0.897 0.871 0.867 1.000 
     

Shandweel1 0.867 0.774 0.839 0.933 0.933 0.968 0.967 0.839 1.000 
    

Line12 (Hatcher) 0.897 0.862 0.931 0.900 0.839 0.935 0.871 0.806 0.903 1.000 
   

Line18 (Kofa) 0.821 0.852 0.793 0.828 0.828 0.806 0.862 0.733 0.833 0.862 1.000 
  

Line20 (Lovrin 34) 0.862 0.828 0.833 0.931 0.867 0.903 0.900 0.774 0.933 0.900 0.893 1.000 
 

Gemmeiza9 0.893 0.733 0.800 0.897 0.897 0.871 0.931 0.862 0.900 0.867 0.857 0.897 1.000 

3.2. Identification of wheat genotypes by RAPD analysis:  

Nine of RAPD primers were used to assess 
relationships among thirteen of Egyptian wheat genotypes. 
The analysis of results obtained from RAPD revealed 
differences in number of bands, as shown in Figure (3). 
The total number of amplified fragments with the nine 
used primers was 85 bands with 32 monomorphic bands 
and 53 polymorphic bands to produce 62.35% of 
polymorphism among the thirteen wheat genotypes (Table 
6). The detected band numbers ranged from five bands 
with OPO-14 primer to 17 bands with OPA-04 primer. The 
highest percentage of polymorphism was 80% with OPO-
14 primer, while the lowest percentage of polymorphism 
was 5% with OPO-10 primer. 

The similarity matrix revealed the highest relationship 
between Sakha 93 and line 18 with a similarity of 95%. On 
the other hand, the least relationship was found between 
Gemmeiza 10 and Sids 12 with a similarity of 1.9% with 
an average of 48.45% (Table 7). The phylogenetic tree was 
composed of two clusters; the first one included 
Gemmeiza10 only, while the second cluster involved all 
other studied genotypes. The second cluster was divided 

into two sub-clusters; the first sub-cluster contained Sakha 
94 and Sids 1, while the second sub-cluster included the 
others (ten studied genotypes). The second sub-cluster was 
divided into two clades; the first clade composed of Giza 
168, Shandawel 1, and Line 12 while the second clade 
involved the remaining seven genotypes. The second clade 
was divided into two sub-clades; the first sub-clade 
contained only Sids 12, while the second sub-clade was 
divided into two groups; the first group included only Misr 
1. The second group was divided into two sub-groups; the 
first sub-group included only Misr 2, while the second sub-
group consisted of two sections; the first section included 
Gemmeiza 9, while the second section included line 18 
and Sakha 93 (Figure 4).  

Dendrogram represents the genetic relationships among 
the thirteen wheat genotypes using UPGMA cluster 
analysis with RAPD primers, which ended to three 
subgroups (Sakha 93& Line 18) with similarity coefficient 
95%, (Shandaweel 1& Line 12) with a similarity 
coefficient 76.5% and (Sakha 94& Sids 1) with similarity 
coefficient 66.7%.   
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Figure  3.RAPD-PCR banding patterns using RAPD primers for thirteen wheat genotypes. 

Lane M: DNA Ladder (100 – 1500 bp). 

Lane 1: Sakha94.        Lane 2: Sakha93.         Lane 3: Gemmeiza10.     Lane 4: Misr2.        Lane 5: Sids1.         Lane 6: Sids12.     Lane 7: -
Giza168.     Lane 8: Misr1.      Lane 9: Shandweel1.     Lane 10: Line12 (Hatcher).       Lane 11: Line18 (Kofa).   Lane 12: Line20 (Lovrin 
34).   Lane 13:  Gemmeiza9. 

Table 6. Monomorphic and polymorphic bands and %polymorphism for thirteen wheat genotypes using nine RAPD primers. 

 

 
Figure  4. Phylogenetic tree using RAPD-PCR for thirteen wheat genotypes. 

1-Sakha94. 2-Sakha93. 3-Gemmeiza10.  4-Misr2.   5-Sids1.  6-Sids12.  7-Giza168. 8-Misr1.  9-Shandweel1.  10-Line12 (Hatcher).  11-
Line18 (Kofa).   12-Line20 (Lovrin 34).   13- Gemmeiza9.

Code no. Primer sequences Monomorphic bands Polymorphic bands Total bands % polymorphism 
OPA-02 CAGGCCCTTC 5 7 12 58.3 
OPA-04 AATCGGGCTG 6 11 17 64.7 
OPA-07 GAAACGGGTG 2 5 7 71.4 
OPB-07 GGTGACGCAG 4 5 9 55.6 
OPB-10 CTGCTGGGAC 5 6 11 54.5 
OPO-10 TCAGAGCGCC 3 3 6 50 
OPO-13 GTCAGAGTCC 2 6 8 75 
OPO-14 AGCATGGCTC 1 4 5 80 
OPO-19 CAATCGCCGT 4 6 10 60 
Total 32 53 85 62.35% 
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Table 7.Proximity matrix of relationship among thirteen wheat genotypes using nine RAPD primers. 

3.3. Identification of wheat genotypes by ISSR analysis:  

The discrimination between thirteen wheat genotypes 
was carried out using five ISSR primers. The PCR 
products revealed differences in a number of resulting 
bands, as shown in Figure (5). The total number of bands 
produced by amplification of all studied primers was 37 
bands with 17 monomorphic bands and 20 polymorphic 
bands to score 54.05% of polymorphism. The highest 
polymorphism was 62.5% using UBC-817 primer. 
However, the lowest polymorphism was 37.5% using 
UBC-815 primer. The number of amplification products 
generated by primers ranged from 5 (UBC-814) to 9 (A12 
primer) bands (Table 8). 

UPGMA cluster analysis generated from ISSR marker 
was translated to generate the dendrogram and similarity 
index (Figure 6 and Table 9). 

The similarity matrix revealed the highest identity 
between Sakha 93 and Sakha 94 with a similarity of 
98.5%. On the other hand, the lowest relationship was 
found between Gemmeiza 9 and Sids 12 with a similarity 
of 66% as listed in Table (9). The phylogenetic tree 
composed of two clusters; the first cluster included only 
Sakha 94, while the second cluster involved all other 

studied genotypes. The second cluster was classified to 
two sub-clusters; the first sub-cluster was divided into two 
clades, the first clade consisted of Sakha 93 and Line 18, 
while the second clade involved Gemmeiza 9 and Masr 2. 
The second sub-cluster was divided into two clades; the 
first clade composed of two sub-clades; the first sub-clade 
contained only Misr 1, while the second sub-clade 
included Sids 1 and Line 20. The second clade was divided 
into two sub-clades; the first sub-clade included 
Shandawel 1 only, while the second sub-clade was divided 
into two groups. The first group included Giza 168 and 
Sids12, while the second group consisted of Gemmeiza 10 
and Line 2 (Figure 6). 

Dendrogram represents the genetic relationships among 
the thirteen wheat genotypes using UPGMA cluster 
analysis generated from ISSR marker ended to five 
subgroups and three solitary genotypes. The five 
subgroups are: (Line 12& Gemmeiza 10 with similarity 
coefficient 69.4%), (Giza 168 & Sids 12 with similarity 
coefficient 93.1%), (Line 20& Sids 1 with similarity 
coefficient75.4), (Line 18& Sakha93 with similarity 
coefficient 80%) and (Masr 2& Gemmeiza 9 with 
similarity coefficient 86.5%). While the solitary split 
genotypes were Sakha 94, Masr 1 and Shandaweel1. 

Case 
Matrix File Input 

Sakha 94 Sakha 93 Gemmeiza 
10 

Misr2 Sids1 Sids12 Giza 
168 

Misr1 Shandweel
1 

Line12 
(Hatcher) 

Line18 
(Kofa) 

Line20 
(Lovrin 34) 

Gemmeiza
9 

Sakha94 1.000             

Sakha93 0.260 1.000            

Gemmeiza
10 

0.260 0.137 1.000           

Misr2 0.468 0.778 0.511 1.000          

Sids1 0.667 0.381 0.392 0.291 1.000         

Sids12 0.033 0.667 0.019 0.260 0.294 1.000        

Giza168 0.532 0.260 0.260 0.319 0.197 .023 1.000       

Misr1 0.468 0.490 0.354 0.552 0.291 0.260 0.617 1.000      

Shandweel
1 

0.532 0.552 0.100 0.468 0.197 0.162 0.683 0.468 1.000     

Line12 
(Hatcher) 

0.468 0.634 0.511 0.552 0.445 0.100 0.468 0.552 0.765 1.000    

Line18 
(Kofa) 

0.430 0.950 0.319 0.789 0.406 0.532 0.430 0.650 0.430 0.650 1.000   

Line20 
(Lovrin 
34) 

0.713 0.589 0.468 0.650 0.552 0.230 0.571 0.511 0.430 0.511 0.738 1.000  

Gemmeiza
9 

0.552 0.713 0.137 0.634 0.230 0.511 0.552 0.778 0.552 0.490 0.863 0.726 1.000 
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Figure 5. ISSR-PCR banding patterns using RAPD primers for thirteen wheat genotypes. 

Lane M: DNA Ladder (100 – 3000 bp). 

Lane 1: Sakha94. Lane 2: Sakha93.   Lane 3: Gemmeiza10.  Lane 4: Misr2.    Lane 5: Sids1.     

Lane 6: Sids12.     Lane 7: -Giza168.     Lane 8: Misr1.      Lane 9: Shandweel1.     Lane 10: Line12 (Hatcher).        

Lane 11: Line18 (Kofa).   Lane 12: Line20 (Lovrin 34).   Lane 13:  Gemmeiza9. 

 
Table 8. Monomorphic and polymorphic bands and %polymorphism for thirteen wheat genotypes under study using five ISSR primers. 

 

Primer code Sequence (5`→3`) Monomorphic bands Polymorphic bands Total bands % polymorphism 
A12 (GA)6CC 4 5 9 55.56 
UBC-811 (GA)8 AC 3 4 7 57  14 
UBC-817 (CA)8A 3 5 8 62.5 
UBC-814 (CT)8A 2 3 5 60 
UBC-815 (CT)8G 5 3 8 37.5 
Total  17 20 37 54.05% 

Figure 6.  Phylogenetic tree using ISSR-PCR for thirteen wheat genotypes. 

1-Sakha94.    2-Sakha93.         3-Gemmeiza10.     4-Misr2.        5-Sids1.         6-Sids12.        7-Giza168. 
 8-Misr1.  9-Shandweel1.  10-Line12 (Hatcher).  11-Line18 (Kofa).   12-Line20 (Lovrin 34).   13- Gemmeiza9.
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Table 9. Proximity matrix of relationship among thirteen wheat genotypes using five ISSR primers 

4. Discussion 

Genetic diversity has a critical role in the assessment of 
the genetic relationships among different plant genotypes 
by using biochemical markers (Protein electrophoresis) 
and different molecular markers (Mishra et al., 2014).  

Protein banding patterns using the SDS-PAGE 
technique could be considered a reliable tool for the 
identification and characterization of the similarity among 
different plant species. This technique was used to analyze 
the variability of seedling water soluble protein profiles for 
detecting the phylogenetic relationships and genetic 
diversity of adapted plant cultivars and improving the 
productivity of plant breeding programs (Iqbal et al., 
2005). According to Zahoor et al. (2023), genotypes in one 
cluster should be identical in their protein profile, show 
less intra-specific genetic variation, and exchange genes 
smoothly between them, guaranteeing the success of 
hybrid breeding.  

Data obtained from protein profiling as biochemical 
markers put Line 12 and Gemmeiza 10 in one subgroup, 
which were highly similar with the exception of three 
bands missing (82, 20, and 17 kDa) from Gemmeiza 10, 
two genotypes Giza 168 and Sids 1 were put in one 
subgroup with high similarity in protein profile with the 
exception of missing two bands from Giza 168 (207 and 
40 kDa), and line 20 and Misr 2 in one subgroup, which 
have the identical protein fingerprint. 

Our obtained data revealed that both protein marker 
and ISSR marker assessed the genetic similarity 
coefficient between the two genotypes line 12 and 
Gemmeiza 10 to reach 93.1 and 79.4%, respectively, and 
gather them in the same subgroup. The higher induced 
similarity after protein marker despite the higher genetic 
diversity on the ISSR molecular marker level may have 
arisen from paralogue genes (produced to serve the plant 
evolution) translated into the identical proteins (Koonin, 
2005). These paralogue genes expand the genome diversity 

on the molecular marker side but at the same time 
summarize the distance among relatives on the protein 
marker side.  

The difference between protein and ISSR was not in 
the similarity coefficient only but to put different 
genotypes in different grouping matter. For example, 
protein electrophoresis gathers Sids 12 and Shandaweel1 
in one subgroup with the similarity coefficient 96.8%. At 
the same time, ISSR marker put Sids 12 and Giza 168 with 
the similarity coefficient 93.1%.   

RAPD-PCR was more precise and informative than 
SDS-PAGE concerning relationships between Zea mays 
(mays) and Zea mays (Mexicana) and between Sorghum 
valgare and Sorghum bicolor (Osman et al., 2013). 

The data recorded herein after the biochemical markers 
depending on total soluble protein from the thirteen of 
wheat seedlings agrees with those observed by El-Akkad 
(1998); El-Akkad and El-Abd El-Kariem (2002), in which 
they detected genetic variability between and within wheat 
species and cultivars depending on seed storage protein 
profiles. 

Both of the two molecular RAPD and ISSR markers 
succeeded to put the two wheat genotypes Sakha 93 and 
line 18 in same subgroup with a similarity coefficient of 95 
and 80% respectively. The difference in resolution of 
RAPD and ISSR marker systems refers to that the two 
marker techniques targeted different sequences of the 
genome.  

Comparing the obtained results based on the 
polymorphism of RAPD and ISSR as molecular markers 
gave a wide range of the genetic diversity (62.35 and 
54.04%, respectively). Therefore, they were considered 
powerful markers for discrimination among different 
studied wheat genotypes, compared with biochemical 
markers (SDS-PAGE) which had the lowest polymorphism 
(35.48%). This may be explained by that RAPD and ISSR 
are neutral to environmental influence and indicate 
variations at the full genome level. Besides, biochemical 
markers can be affected by extraction methodology, plant 

Case  Sakha94 Sakha93 Gemmeiza 
10 Misr2 Sids1 Sids12 Giza168 Misr1 Shandweel1 Line12 

(Hatcher) 

Line 
18 
(Kofa) 

Line20 
(Lovrin 
34) 

Gemmeiza 
9 

Sakha94 1.000             

Sakha93 0.985 1.000            

Gemmeiza10 0.955 0.971 1.000           

Misr2 0.955 0.971 1.000 1.000          

Sids1 0.875 0.892 0.923 0.923 1.000         

Sids12 0.825 0.844 0.844 0.844 0.918 1.000        

Giza168 0.787 0.806 0.806 0.806 0.847 0.931 1.000       

Misr1 0.721 0.742 0.742 0.742 0.780 0.862 0.929 1.000      

Shandweel1 0.806 0.794 0.794 0.794 0.767 0.780 0.842 0.912 1.000     

Line12 
(Hatcher) 0.806 0.794 0.794 0.794 0.733 0.746 0.807 0.877 0.966 1.000    

Line18 
(Kofa) 0.813 0.800 0.831 0.831 0.774 0.721 0.780 0.847 0.900 0.933 1.000   

Line20 
(Lovrin 34) 0.825 0.844 0.844 0.844 0.754 0.700 0.724 0.793 0.847 0.881 0.918 1.000  

Gemmeiza9 0.780 0.677 0.870 0.865 0.722 0.660 0.730 0.768 0.789 0.765 0.786 0.890 1.000 
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stage, plant tissue, and environmental conditions (Mondini 
et al., 2009).  

From the same point of view, our obtained results about 
the advantage of using molecular markers in assessing the 
genetic diversity agree with Abdel-Lateif and Hewedy 
(2018) who recorded that SCoT and ISSR markers were 
effective in detecting the genetic diversity among different 
Egyptian wheat and helping breeders to evaluate genetic 
diversity. Sofalian et al. (2008) documented that ISSR 
markers gave a high value of polymorphism for 
discrimination of wheat landraces. Also, Pasqualone et al. 
(2000) reported that ISSR markers had productivity, so 
they used this marker to distinguish all the examined 
durum wheat cultivars. 

Despite that, protein profiling SDS-PAGE of seedling’s 
protein analysis provided us with insufficient results. It 
provided us with useful information on the relationships 
among closely related genotypes and detected the unique 
band at M.W 13 kDa in the genotype Sids12.  

In agreement with Abd El-Hady (2010), our results 
obtained the highest polymorphism using RAPD assays 
because it targeted the non-coding DNA regions which are 
very stable, less responsive to external factors, and high 
tolerance to mutation.  

There is a contradiction between our obtained results 
which revealed the RAPD highest similarity of 95% 
between (Sakha 93 and line 18) and the least similarity 
matrix of 1.9% between (Gemmeiza 10 and Sids 12) and 
the data obtained by Mansour et al. (2020) who found the 
highest similarity matrix between (Sakha 93 and Saheel 1) 
with a similarity of 86%; while the least similarity matrix 
was found between (Gemmeiza 9 and Shandaweel 1) with 
a similarity of 1.9%. This contradiction may be due to the 
difference in RAPD primers used in their PAPD 
amplification compared with our used RAPD primers.  

5. Conclusions 

Thirteen Egyptian wheat genotypes were discriminated 
using SDS-PAGE, RAPD and ISSR techniques. The 
discrimination reveals the genetic diversity and, at the 
same time, points to the relationships between genotypes. 
RAPD has the highest polymorphism (62.35%), followed 
by ISSR, which has a polymorphism of 54.05%, and 
seedling proteins, which have a polymorphism of 35.48%. 
This means that RAPD and ISSR are more powerful 
markers than protein marker in the discrimination and 
identification of different studied wheat genotypes. So, 
combining the biochemical markers with the molecular 
markers enriches the study with more informative data. 
The obtained data can be reliable as a roadmap for the 
wheat breeders to present more closely related genotypes 
for estimating new wheat hybrids in great harmony with 
their surroundings.  
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Abstract 

Commonly known Arabian yellow fin sea bream (Acanthopagrus arabicus) were selected for trials. Specimens were 
procured from the Sonari channel (24°53'13.81"N 66°41'44.57"E.), shifted to laboratory, and placed into 162 liter 
capacity glass aquaria, where they were subsequently acclimated for 60 days. Fish were fed in ration of 3% live body weight 
of feed. Two treatments were placed (T1 & T2). Individuals placed under T1 treated with soybean meal (SM) and 
individuals under T2 treated with fish meal (FM). Physicochemical parameters were recorded. pH, salinity (ppt), and 
temperature (27°C) were measured on daily basis, while ammonia, dissolved oxygen (DO), and nitrite nitrogen were 
evaluated on weekly basis. Length (cm) and weight (g) of under treatment individuals recorded thrice in a month. The mean 
final weight for treatments (T1 and T2) endured 8.11±0.12 and 8.12±0.13 g, respectively, while the mean achieved length 
was 10.24±0.11 cm and 10.31±0.12 cm. Results showed the minimal weight increase in T2 alongside the slight difference in 
specific growth rate. Meanwhile, based on weight increase, feed conversion ratio, and specific growth rate there was a 
minute difference in growth between the two meals (SM & FM), whereas biochemical analysis revealed that SM impacted 
the individuals as greater levels of crude fat (51.23±0.947), crude protein (62 ±2.8284) found. Hence, soybean meal (SM), 
which is affordable, proved that it could be a possible diet that can replace traditional fish meal (FM) for cultivation of A. 
arabicus in aquaculture facilities to achieve marketable size. 

Keywords: Aquaculture; soybean meal; fish feed; omnivorous 

                                                 
* Corresponding author. e-mail: nafsar@uok.edu.pk. 

1. Introduction 

Fish meal is widely regarded as the premier healthy 
diet for people worldwide, being the most notable source 
of various proteins, vitamins, low-saturated fats, and 
omega-3 fatty acids. Seafood is renowned for its ability to 
reduce the risk of cardiovascular disease due to the 
presence of n-3 polyunsaturated fatty acids (Dabrowski et 
al., 2005; Erkan and Ozden 2007). Acanthopaprus 
arabicus is one of the commercially important species in 
the group of Pisces. So, due to the commercial significance 
of Acanthopaprus arabicus numerous studies have been 
made to elucidate different aspect of growth and nutrition 
of yellowfin seabream species globally.  For instance, 
Saffari et al (2021) observed the effects of nano‐Selenium 
add-on in plant protein‐rich diet on reproductive 
performance. Results have shown the higher relative 
fecundity in females fed at the rate of 4 mg Kg−1 N-Se diet 
(p < .05).  In the same way, Izadpanah et al. (2022) and 
Mohtashemipour et al. (2024) concluded and highlighted 
the preference of augmenting plant protein based diet with 
nano-selenium (n.Se)/Kg to enhance the  survival and 
larval length of  A. arabicus  on  larval stage. AlKatrani 

(2023) examined the salinity effect on energy and 
metabolic enzymes in juveniles and adults of yellow fin 
sea bream. Study undertaken revealed the reflective 
enzyme activity in adults. So, there are many studies that 
have achieved successful results on herbal maturation diets 
in fish (Al Khawli, 2019).  

Molecular and biological makeup of fish meat can 
facilitate effective food amplification (Njinkoue et al., 
2016). Nearly 50% of the fish products consumed 
worldwide in 2016 came from aquaculture, clinched 30.1 
million tons of aquatic plants and 80.0 million tons of 
edible fish. As per past reckoning regarding the production 
of fish and shellfish for human consumption, 54.1 million 
tons came from fish, 17.1 million tons from mollusks, 7.9 
million tons from crustaceans, and 938,500 tons from other 
aquatic creatures (FAO, 2018). At 15.3 million tons, China 
is by far the largest produced globally. Other Asian nations 
like Indonesia, India, Japan, and Viet Nam are next. With 
production totals of 2.03 and 0.91 million tons, 
respectively, Norway and Spain are at the top of the list in 
Europe (Pateiro et al., 2020). 
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Along with nutritional sources of protein and critical 
amino acids, marine fish larvae can boost the potency of 
their ability to multiply. In general, larvae transform 
during the advanced phases, and a variety of significant 
elements can influence the quality of young and prevent 
improvement (Naess et al., 1995; Njinkoue et al., 2016). 
Generally, fish size, species, season, and zone are different 
quotients between food fish and byproducts (Rustad et al., 
2011). High quantities of fat-soluble vitamins (A and D), 
necessary macro and micro minerals, i.e. iodine, 
magnesium, phosphorus, and selenium, as well as high-
quality proteins and balanced essential amino acids are all 
present in seafood or fish species (Gil and Gil, 2015). 

Sea bream is an important fish for the entire world due 
to its ability to grow in both brackish pond and marine 
environments (Sadek et al., 2004).  Iwatsuki (2013) 
reported that the yellowfin seabream, Acanthopagrus latus, 
which has long been considered a single species in the 
Indian-Western Pacific, actually comprises five different 
species, including Acanthopagrus arabicus arises in the 
Middle East towards the western coast of India (excluding 
the Red Sea).  

Ahmad et al (2018) assessed growth performance of 
juvenile Acanthopagrus arabicus  reared in floating net 
cages,  and juveniles were fed twice daily at the rate of  
3%, 5%, 7% and 9% with accordance to their  body with a 
diet containing 42% protein. Results have shown 100% 
survival rate in all groups up to seven weeks and 
significant results were found in group three fed with 7% 
protein to their body weight. Later Ahmad et al. (2019 and 
2020) investigated the impact of dietary protein level in 
the practical diet of yellowfin seabream, juveniles to check 
out optimum growth performance, survival and carcass 
composition besides feeding frequency influence on 
growth performance in cage culture was also scrutinized 
respectively.  Previously, Yesser et al. (2016) worked on 
impact of feeding levels on growth performance and food 
conversion of Acanthopagrus arabicus cultivated in 
concrete tanks at Basrah province. Recently, Sarvi et al. 
(2023) found out the effect of delayed first feeding on 
growth and survival of yellowfin seabream 
(Acanthopagrus arabicus) larvae.  

There are many studies that have achieved successful 
results on herbal maturation diets in fish (Dhas et al, 
2017). Overall, the aquaculture business in Pakistan is 
developing although at a very modest rate. Despite having 
a 1001 km long coastline, Pakistan unfortunately ignores 
mariculture. However, the nation's aquaculture industry 
has greatly increased GDP (Mohsin et al., 2019). In this 
context previous study was also carried out to evaluate 
growth performance, body composition and survival rate 
of juvenile snakehead (Channa marulius) by Kalhoro et 
al., (2017).  

    The objectives of the study are to evaluate the 
growth performance, physiological responses, and 
biochemical composition of commonly known Arabian 
yellow fin sea bream (Acanthopagrus arabicus) under 
controlled conditions. Specifically, it seeks to compare the 
effects of soybean meal (SM) and fish meal (FM) on the 
growth and health of A. arabicus, with the objective of 
assessing the suitability of soybean meal as a potential 
alternative to fish meal in the diet of A. arabicus for 
aquaculture purposes. The investigation will include 
monitoring physicochemical parameters of the water 

environment, such as pH, salinity, temperature, ammonia 
levels, dissolved oxygen, and nitrite nitrogen 
concentrations, to understand their influence on the growth 
and health of A. arabicus under experimental conditions. 
Key parameters to be investigated include growth 
performance indicators like weight gain, length gain, and 
specific growth rate, as well as biochemical composition 
analysis focusing on crude fat, crude protein, total lipid 
content, vitamin A and total carbohydrates in the fish 
specimens. By addressing these objectives, the study aims 
to contribute valuable insights into optimizing diet 
composition for the cultivation of A. arabicus in 
aquaculture facilities, potentially enhancing the efficiency 
and sustainability of sea bream production. 

2. Materials and Methods 

 Acanthopagrus latus which was later re-identified as 
Acanthopagrus arabicus (Iwatsuki, 2013), the 
experimental fish was identified on the basis of taxonomic 
features and positioned in glass aquariums according to 
experimental plan to carry out growth trials based on 
various feed efficacies. The collection of juveniles of 
Acanthopagrus arabicus was done from the Sonari 
channel (24°53'13.81"N 66°41'44.57"E) which is located 
between Sindh and Balochistan provinces near Hub river 
in October 2019 by using cast net (Figure 1).  The 
experimental fish was identified on the basis of taxonomic 
features and positioned in glass aquariums according to 
experimental plan to carry out growth trials based on 
various feed efficacies. Taxonomic categories of this 
species are: Phylum Chordata, Class Actinopterygii, Order 
Perciformes, Family Sparidae (Rafinesque, 1818), Genus 
Acanthopagrus (Peters, 1855), and the specific 
identification is Acanthopagrus  arabicus, Iwatsuki, 2013 
(Figure 2). This systematic classification provides a 
detailed understanding of the organism's biological 
lineage, facilitating scientific categorization and study 
within the broader context of marine life (Figure 2). 
Careful transfer of thriving juveniles from the site to 
laboratory allowed further experimental research. 
Taxonomic identification of species was done with the 
help of Iwatsuki, Y., 2013, FAO (2015), FAO (2018), 
Froese, and Pauly (Eds.) (2019) and Fish base site. After 
stocking, all samples were acclimatized for about two 
weeks within the laboratory conditions, and juveniles were 
fed on appropriate feed in accordance to research design. 
Juveniles of fish used in this experiment were fed with two 
different treatments (T1, T2) and meals: treatment one 
(T1) received soybean meal (SM), and treatment two (T2) 
received fish meal FM. Before placing each fish sample 
into the tanks, its length and weight (g) were measured 
using a measuring tape or scale and a digital balance, 
respectively. The samples of fish were then placed in 
different fish aquariums. Treatments lasted up to eight 
weeks; there were two replicates used for each treatment. 
Physicochemical parameters were observed through 
available devices, i.e. pH (pH meter (EzDO 6011, 
Taiwan), temperature (digital thermometer), salinity 
(refractometer), dissolved oxygen (portable test kit (Merck 
KGaA, 64271, Germany), ammonia test kits (Merck 
KGaA, 64271, Germany) and nitrite nitrogen test kit 
(Merck KGaA, 64271, Germany) were used to lookup the 
water quality for the improved development of juveniles. 
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Analysis of both treatments was done with the help of 
statistical analysis (statistical Minitab software (17.0 
version) in which one-way analysis of variance (ANOVA) 
was carried out. The length weight data is presented by 
means of total mean and standard deviation. Biochemical 
analysis was performed for following juveniles after 
culturing of specific juveniles for the provided feeds. 
Growth indices such as weight gain, mean daily weight 
gain, percent weight gain, Feed Conversion Ratio, 
Condition factor (CF), Specific growth rate (SGR) and 
survival rate (SR) were calculated from the data collected 
in present research by the help of literature of earlier 
authors. The nutritional composition of our formulated 
diets is as listed below and shown in Figure 3. 

Figure 1. Collection site: Sonari channel   24°53'13.81"N 
66°41'44.57"E (Google Maps 2023). 

 
Figure 2.  The overall appearance of Acanthopagrus arabicus 
Iwatsuki, 2013. 

 

 
Figure 3. Biochemical analysis of experimental diet. 

3. Preparation of samples 

 Complete proximate analysis of juveniles for two 
different treatments provided were done such as total 
lipids, crude protein, vitamin A, organic and inorganic 
content with the help of classical methods. The samples of 
Acanthopagrus arabicus were prepared for biochemical 
analysis. First of all, samples from both treatments tanks 
were sacrificed collected and then they were dissected and 
then dried at 80- 105 OC for 24-26 hours. After crushing 
the samples, placed them in glass vials for further 
biochemical analysis. The extraction of crude fat was done 
by following the method as described by Triebold and 
Aurand (1963) by the help of soxhlet extraction method. 
The determination of crude protein from the dried sample 
was done by the micro-kjeldahl distillation method (Hawk 
el al., 1954). The total inorganic content was determined 
by using the standard method of AOAC (2000). The 
organic content was determined by the help of official 
methods of analysis, The Association of Official 
Analytical Chemists (AOAC) standard method (2000). 
Calcium content was determined by the method of titration 
with the help of AGQ laboratory. Vitamin A was 
determined by the SPE (Solid Phase Extraction) method by 
the Reverse phase HPLC with the help of AGQ laboratory. 
It was determined by the classical method of phenol 
sulphuric method in the lab of Institute of Marine Science, 
University of Karachi.  

4. Results 

4.1. Growth Indices and Physicochemical parameters 

The summary of growth parameters of sea bream 
(Acanthopagrus arabicus) for the duration of experimental 
trial and water quality parameters were enlisted in Table 1 
which are the basic requirements for maintaining the 
aquaculture set up and maintaining the growth of fish 
species. In T1, average weight and length were measured 
8.11±0.12 gm and 6.65±0.05 cm respectively, and in T2 
average weight and length were 8.12±0.13 gm and 
6.71±0.04 cm respectively. However, there is no 
noteworthy difference in the initial length and whole body 
weight of specimen treatments. Nevertheless, in the end, 
fish growth was assessed and calculated as difference of 
mean initial weight and length in both treatments. The 
average attained final weight ranged in between 22.78±0.4 
gm (T1) to 23.15±0.3gm (T2), whereas mean length was 
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10.24±0.11 cm to 10.31±0.12cm among all treatments 
respectively. The slightly higher or negligible weight gain 
was experiential in T2 rather than T1. There is no 
noteworthy differentiation in specific growth rate, but for 
T2 it is slightly higher than the T1. The feed conversion 
ratio of juveniles for soybean meal was slightly greater 
than as compared to the fish meal but it is non-significant. 
100 % Survival rate was observed. (Table 1). Length (cm) 
and weight (g) relationship showed that fish persisted 
healthy and in good physical shape during the entire 
investigational period as values of slopes in all treatments 
were significant (Figure 4 A-B). 
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B- Length (cm) Weight (g) relationship
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Figure 4.(A-B) Correlation between weight (g) and length (cm) 
(pooled data) of experimental fish treated with different diet/ 
treatment. [Treatment 1 (T1) & 2 (T2): FM-fish meal; SM-
soybean meal 

 During the experimental protocol, average temperature 
was 27.747±1.197oC in T1 and in T2 average temperature 
was 27.468 ± 1.277 oC, average salinity was about 30.263 
± 0.452‰ in T1 and 30.105±0.459‰ in T2 , pH of water 
ranged between 7.4 to 7.5 with average of 7.4784 ± 0.2274 
throughout the experimental period in T1 and 7.4926 ± 
0.1980 in T2, average levels of dissolved oxygen were 
measured 7.335±0.021 during the experimental period in 
T1 and in T2 it was observed with the average of 7.35 ± 
0.021, Nitrite nitrogen concentration was observed in T1 
and T2 with average of 0.019±0.0007 mg/l and 
0.015±0.0007 mg/l correspondingly, The ammonia 
concentration estimated between 0.01 to 0.05 with average 
of 0.0465±0.0064 and 0.01±0.0007 mg/l in T1 and T2. 

Table 1 (a) Growth indices of sea bream (Acanthopagrus 
arabicus) for both treatments over 60 days (FM-fish meal; SM-
soybean meal) and (b)Summary of physicochemical parameters 
for both treatments over 60 days (FM-fish meal; SM-soybean 
meal). 

Parameters Treatment 01 (SM) Treatment 02 (FM) 
For Growth indices 
Initial Length (cm) 6.65±0.05 6.71±0.04 
Final length (cm) 10.24±0.11b 10.31±0.12a 
Initial weight (g) 8.11±0.12 8.12±0.13 
Final weight (g) 22.78±0.4b 23.15±0.3a 
Weight gain 14.67±0.2b 15.03±0.5a 
Specific growth rate 1.72±0.03b 1.75±0.02a 
Feed conversion ratio 1.69±0.01a 1.67±0.02b 
Condition factor 2.12±0.03a 2.11±0.04b 
Survival rate 100±0.0 100±0.0 
WG% IW 14.6±1.67b 15.03±1.7a 
Physicochemical parameters 
Water Temperature 
(0C) 

27.747±1.197 27.468±1.277 

Salinity(‰) 30.263 ± 0.452 30.105±0.459 
pH 7.4784 ± 0.2274 7.4926±0.1980 
Dissolved Oxygen 
(mg/l) 

7.335±0.021 7.35±0.021 

Nitrite Nitrogen (mg/l) 0.019±0.0007 0.015±0.0007 
Ammonia (mg/l) 0.0465±0.0064 0.01±0.0007 
ANOVA (P˂0.05) Duncan new multiple test range (Mean±SE). 
Different superscripts showed significant differences among 
groups. 

4.2.  Biochemical Analysis 

In the current research, we have performed certain 
biochemical tests to evaluate the rate of growth, activity 
and development of the cultured species. Following are the 
tests which were performed after the experimental period 
for comparing the quality of meat according to their feed 
utilization and the results were being analyzed by different 
experimental protocol which are listed below and 
summary of all outcomes are presented in Table 2.The 
concentration of total lipid was found higher in T2 (which 
was fed with fish meal) than that of T1.The results showed 
the average values in percentage of total lipid content is 
0.8±0.1414 gm in T1 and 1.45±0.4949 gm in 22 (Figure 
5), the concentration of crude fat in T1 was 51.23±0.947 % 
and in T2 was 28.53±0.671 % which is shown in Figure  6, 
the resultant values of crude protein were 62±2.8284 % for 
T1 in which juveniles were fed with soybean meal and 
33.5±2.121 % in T2 (Figure  7), The ash content was 
found about 0.936 ±1.50 % in first treatment and it was 
found 0.676±1.06 % in the other treatment (Figure  8), The 
moisture content was found about 0.426±0.133 % in first 
treatment and in the other treatment it was found 
0.518±0.064 % (Figure  9), In T1 the calculated value of 
calcium content was 19.94±0.091 % whereas in T2 it was 
found approximately 20.25±0.35 % (Figure  10), The 
calculated values of vitamin A was 9±1.414 % and 
10±1.414 % in T1 and T2  respectively(Figure 11), total 
carbohydrates content was 12.75±0.4949 % and 15±0.707 
% in T1 and T2  respectively (Figure 12). 
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Table 2. Summary of proximate analysis of the fish meat 
according to the different diets which were fed in the whole 
experimental period. 

Proximate Analysis Treatment 1 Treatment 2 

Total lipid content (%)  0.8 ± 0.1414 1.45±0.4949 

Crude Fat (%) 51.23±0.947 28.53±0.671 

Crude protein (%) 62 ±2.8284 33.5±2.121 

Ash content (%) 0.936±1.50 0.676±1.06 

Moisture Content (%) 0.426±0.133 0.5185±0.064 

Calcium content (%) 19.94±0.091 20.25±0.35 

Vitamin A (%) 9±1.414 10±1.414 

Total carbohydrates (%) 12.75±0.4949 15±0.707 

 

 
Figure 5. Comparison of total lipids in fish body between two 
different diets 

 
Figure 6. Comparison of crude fat in fish body between two 
different diets 

 
Figure 7. Comparison of crude protein in fish body between two 
different diets 

 

 
Figure 8. Comparison of ash content in fish body between two 
different diets 

 
Figure 9. Comparison of Moisture content in the body of fish 
between two different diets 

 
Figure 10. Comparison of calcium content in the body of fish 
between two different diets 

Figure 11. Comparison of Vitamin A content in the body of fish 
between two different diets 

Comparison of Vitamin A between T1 and T2 
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Figure 12. Comparison of Total carbohydrates content in the 
body of fish between two different diets 

5. Discussion 

In this current research, juveniles of yellow fin sea 
bream Acanthopagrus arabicus were utilized and they fed 
on two different compositional diets for eight weeks with 
different nutritional qualities under controlled conditions 
with weekly assessment of water quality parameters along 
with length and weight relationship. According to the 
results, the weight gain of the juveniles nourished using 
fish meal diet was a little higher than the juveniles fed with 
soybean meal but there was no significant difference so it 
is suggested that fish meal can be substituted by the 
cheaper soybean meal because it can be the appropriate 
diet for juveniles of Acanthopagrus arabicus that can give 
us an idea about better growth similarly like the fish meal. 
According to the Gallagher (1994), it was observed that 
the swapping of the soybean meal with the fish meal has 
been performed in the hybrid striped sea bass fish with 
different protein concentrations for 12 weeks trial and 
found that the gained weight of fish as compared to the 
initial weight in both the treatments was not significantly 
different and this trial was performed on variety of 
juveniles having different body weight and size then 
concluded that there were no noteworthy difference has 
been found for changing the diet so it was suggested that 
fish meal can be replaced by vegetable meal 
(Gallagher,1994). In 2019, Huaqun et al. conducted an 
eight-week trial focusing on the replacement of fish meal 
with soybean meal in the juveniles of the obscure puffer 
(Takifugu obscurus). During this trial, they meticulously 
observed various growth parameters. As a result, they 
came to the same conclusions: there was no significant 
difference in weight gain, and the juvenile fish showed a 
specific growth rate (Huaqun et al., 2019). Kissil et al. 
(2000) claims that they carried out a 56-day experiment in 
which they investigated biochemical parameters by 
substituting soybean and rapeseed meal for fish meal. 
Following the trial, the concentration of protein and ash 
showed no discernible variances; however, the lipid and 
energy levels varied. In summary, they found that young 
sea bream can successfully get protein from both soybean 
and rapeseed (Kissil et al., 2000). De Francesco et al. 
claim that they conducted an experimental trial on the 
eating behavior of gilthead sea bream in 2007 and 
switched the FM diet intended for a diet high in plant 
protein. It was determined that whereas feed efficacy and 
protein efficacy ratio were better in the sea bream PP diet, 
the intake of feed was higher in the sea bream FM diet. In 

contrast to PP, meals containing Fish Meal (FM) exhibited 
higher levels of moisture content but lower amounts of 
PUFA (polyunsaturated fatty acids) and MUFA 
(monounsaturated fatty acids) (De Francesco et al., 2007). 

 Ajani et al. (2016) conducted a trial in which fish meal 
was relieved with four altered types of soybean meal: 
partial soybean meal, no soybean meal, only soybean 
meal, and soybean with methionine; the results revealed 
the average gain in weight, that was 22.77 grams and 
length was 16.90 grams which is notably raised in partial 
soybean meal (PSM) and a smallest amount found in no 
soybean meal (NSM) that was 17.54 grams and 14.63 cm 
(Ajani et al., 2016). According to the previous studies, the 
outcomes showed that the specific growth rate and feed 
conversion ratios were slightly higher in diet 2 than the 
diet 1, while the conversion of feed was slightly greater in 
diet 1. 

 In 12-weeks trial on gilthead sea bream, fish oil and 
fish meal were substituted by different plant proteins, and 
the findings revealed that there was no statistically 
significant difference in weight gain between the two diets 
when 40 or 60 percent of the fish meal was interchanged 
by the plant proteins, but there was a slight loss of weight 
when 65 percent of the FM and 65 percent of the FO were 
substituted (Dias et al., 2009). According to Wang et al. 
(2006), they studied Nibea miichthioides growth after 
replacing fish meal with soybeans, and they came to the 
conclusion that as the concentration of fish meal in the diet 
decreased, so did weight decreases, and it was noted that 
replacing 20% of the fish meal with soybeans had no 
discernible special effects, while replacing 100% of the 
fish meal had weight loss (Wang et al., 2006). The results 
of the 12 week experimental study showed no discernible 
differences in weight increases; nevertheless, the rate of 
specific growth was higher in the control diet, which 
contains animal meal, than in the other diets, which used 
soybean meal as a substitute at rates of 12 and 36 percent. 
The FCR was also lower than with the other interventions 
(Karalazos et al., 2007). After 125-day trial substituting 
soybean meal for fish meal in the diets of rainbow trout 
(Oncorhynchus mykiss), it was found that there were no 
significant differences in weight, specific growth rate, or 
feed conversion ratio. As a result, it was recommended 
that soybean meal can be substituted for 80 percent fish 
meal in rainbow trout adults (Voorhees, 2019). According 
to the results of the contemporary study, it was found that 
we can either completely replace fish meal (FM) with 
soybean meal (SM) because there is no noteworthy change 
in the growth and survivability of fish juveniles thus the 
meal having the vegetable origin would be the good 
replacement for the aqua culturist. 

Moreover, fish species' growth indices would be 
adequate, and their survival rates would be 100%. In our 
research trial, we have adjusted the physicochemical 
parameters at optimum level as mentioned in our results to 
avoid any discrepancy. Jian and Cheng (2003) worked on 
the salinity and temperature tolerance of A. latus in which 
they concluded that the highest tolerated salinity could be 
50‰ when they gradually increased the salinity levels 
(Jian and Cheng, 2003). Iqbal et al. (2012), worked on 
Oreochromis niloticus to reveal the impact of salt 
concentration on the progression of fish and the outcomes 
revealed the mean WG (weight gain) and mean LG (length 
gain) greater at higher levels of salinity and in contrast 
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reduced growth was observed in control group. Moreover, 
feed conversion ratio (FCR) was also found increasing 
with the raised levels of salinity thus better growth was 
observed in increasing salinity levels (Iqbal et al., 2012). 
Endurance and growth in juveniles of fish were not being 
affected at various salinity levels until temperature would 
be greater than 27 0C, but it can produce prominent effects 
when the temperature would be beneath 25 0C (Watanabe 
et al., 1989). The species of sea bream are susceptible to 
oxidative stress, and it was determined that the fatal 
concentration of dissolved oxygen was approximately 0.1 
milligrams per litre; for this reason, Sparidentex hasta is 
classified as an oxy-conformer (Zainal, 2016). In the 
current thesis, DO was adjusted at 7 to 8 mg/l, which is 
thought to be a satisfactory range for the species of sea 
bream to grow more successfully. Rahim et al. (2017) 
studied the growth factors of juveniles of black fin sea 
bream in brackish water ponds where fish were fed a 
variety of artificial diets and the physicochemical 
properties of the ponds modified such as salinity ranged 
between 15 and 20 parts per thousand, range of 
temperature stayed between 25 °C to 28 °C, pH ranged 
from 7.6 to 7.8, both ponds remained slightly alkaline; 
nitrite, nitrogen and ammonia concentrations was less than 
0.001 mg/l. DO ranged from 5.6 to 7.5 mg/l. In their 2015 
study, Rahim et al. conducted a controlled cultivated 
experiment, maintaining optimal values for water quality 
parameters. Specifically, dissolved oxygen (DO) was held 
at 6.5±0.4 mg/l, pH around 7.3±0.2, temperature at 
26±0.3°C, ammonia and nitrites registering less than 0.01 
mg/l, and salinity maintained between 15 and 16 parts per 
thousand (Rahim et al. 2015). Tseng and Hsu (1984) 
conducted an experiment in which they cultured marine 
copepods and Acanthopagrus latus, as well as these 
copepods used as a diet for the juveniles of A. latus that 
housed in aquaria with optimum aeration in sea water, with 
specific gravity of 1.015, temperature ranging from 25 to 
28 0C, and salinity of 24 ppt (Tseng and Hsu, 1984). The 
study of proximate composition for the total body meat of 
juvenile fish was carried out in the current research 
experiment, and the findings for diets 1 and 2, which 
contain soybean meal and fish meal respectively, were 
discovered. Yang et al. (2015) conducted an experimental 
trial in which they observed the effects of substituting fish 
meal with soybeans on the growth of juveniles of 
Litopenaeus vannamei. Their main finding was that the 
amount of crude protein in the juveniles' bodies was higher 
in the diets containing 4.28% ESBM than the diets 
containing 25.26% ESBM, while the concentration of 
crude lipid of the juveniles' bodies was higher in the diets 
containing 11% ESBM (Yang et al., 2015). Thus the 
dietary interventions very minimally changed the contents 
of fatty acids (Karalazos et al., 2007). Rahim et al. (2017) 
contributed a preliminary study on growth factors using 
juvenile black fin sea bream as the target species in 
brackish water ponds. Fish were fed a variety of artificial 
diets, and the proximate composition of the treated groups 
was analogous to the control groups in terms of moisture 
and ash concentration. However, the lipid and protein 
concentration of the treated clusters was greater than that 
of the control groups, and it was determined that feeding 
diets with a combined 42 percent protein content and 20 
percent lipid content is optimum for cultivating black fin 
sea bream. Also, it was determined that there was no 

discernible difference between the treated and control 
groups' body compositions (Rahim et al., 2017). The 
Gilthead sea bream (Sparus aurata) was used in an 
experiment to define the effects of mannan 
oligosaccharides on two different intakes made of fish 
meal and soybeans, which have different nutrient 
compositions. The findings showed that neither diet 
significantly changed the nutrient composition of the body 
nor the final WG, PER, SGR, or FCR (Dimitroglou et al., 
2010). Rahim et al. (2016) conducted an experiment on 
young A. berda fish in which artificial diets with varying 
protein composition were fed to the fish. The results 
showed increased weight gain and growth intensity at 40% 
and 50% protein ratios, and the biochemical analysis of the 
whole fish showed that the moisture content was higher in 
the fish fed diets of 40% to 50% than the 20 to 40% 
protein diet, while the lipid content at 40% to 50% was 
observed (Rahim et al., 2016). Rahim et al. (2015) studied 
different lipid concentrations and observed changes in 
growth indices in A. berda. They fed 42 percent protein 
diet with various lipid concentrations as 15%, 20%, 25%, 
and 30%. It was found that the 20 percent lipid-containing 
diet revealed the highest WG, SGR, and lowest FCR, and 
that the product quality of meat, particularly ash content, 
protein, and lipid profile, was unaffected by any lipid 
variations in diet (Rahim et al., 2015). 

Alasalvar et al. (2002) studied the Dicentrarchus 
labrax commonly named as sea bass and determined that 
there were substantial changes between wild and cultivated 
sea bass based on the amount of fatty acids and minerals in 
the flesh of fish (Alasalvar et al., 2002). Similar work has 
been done by another researcher who assessed the 
differences between the wild and farmed gilthead sea 
bream. In this study, the analytical units were flesh 
attributes, and the main factors were morphological traits, 
fat content, and fatty acid profile. Higher lipid content and 
lower GSI levels were detected in cultured fish than in 
wild fish, respectively. Moreover, morphological traits 
were varied between fish from the wild and those raised in 
captivity (Grigorakis et al., 2002). Similar research was 
done by Orban et al. (2003) using two other species of 
fish, Sparus aurata and Dicentrarchus labrax, to assess the 
variations in lipid content between farmed and wild fish. 
They discovered that each of the cultured species had 
higher levels of lipid content than the wild species (Orban 
et al., 2003). The juveniles of Acanthopagrus arabicus 
were the target species in Ahmad et al. (2018) study; the 
work has been done on the relationship between feeding 
frequency proportions and defensive capabilities, body 
nutritional composition, and growth rate. The results 
showed that growth rates were best at 7 percent body 
weight/day, with the smallest growth rates being 5 percent, 
9 percent, and 1 percent weight gain after treatments. 
Protein and ash levels did not alter much; however, fat 
content did increase with increasing feeding frequency 
(Ahmad et al. (2018). Peres and Oliva-Teles (1999) 
studied the effects of feed modifications in terms of the 
developmental growth of juvenile European sea bass. They 
fed the juveniles feed containing 48 percent protein with 
higher lipid intensity levels of 12, 18, and 30 percent. In 
contrast to other diets with larger amounts of lipid, it was 
found that low lipid diets had higher quantities of protein, 
and their lipid and calorie contents were also reduced. The 
results showed that raising the nutritive lipid percentage 
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from 12 to 24% does not impact growth developmental 
rates, feed competence, or protein. Liver lipid 
concentration was greater in diets with the highest levels 
of lipids, but it had no impact on the lipid content of the 
muscles. Yet, a diet with 30 percent lipids can reduce 
protein and calorie content while having no negative 
effects on development (Peres and Oliva-Teles, 1999). 
Fish oil is one of the best sources of efficiency, intensity, 
and strength, followed by soybean oil, according to Rahim 
et al. (2017), who conducted a preliminary research trial 
on the juveniles of A. berda and fed them on four different 
feeds with oil: fish oil, soybean oil, palm oil, and olive oil 
(Rahim et al., 2017). 

6. Conclusion 

The current research was intended to carry out some 
fundamental investigations on the effectiveness of feed on 
Acanthopagrus arabicus in light of market requirements 
and the importance of produced fish's nutritional quality. 
The work that was scheduled was intended to provide 
knowledge and information on the evaluation of 
macromolecules using a variety of biochemical analyses 
and chemical tests to correlate with the obvious 
characteristics necessary for a particular fish species' 
culture to advance robustly. Therefore, in the light of our 
results it is concluded that fish meal can be substituted by 
the soybean meal because it can be the appropriate diet for 
juveniles of Acanthopagrus arabicus. Research undertaken 
gives an idea for cheap ad cost-effective soybean meal that 
can replace effortlessly other high cost fish meal to 
achieve good market oriented results.  
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Abstract 

Jordan as a Mediterranean country is facing climatic change which results in increasing temperatures and a reduction in 
precipitation. So, there is a need to find sorghum genotypes that can resist such variations in environmental conditions. Field 
experiments were conducted under semi-arid conditions at the Dir-Alla agriculture research station in Jordan Valley to 
evaluate eight sorghum genotypes (ICSV_745, CSV_93046_9, CSV_15, JJ_1041, ICSV_112, S_35, ICSR_93034, EZRA' 7) 
for their stability, above-ground biomass, seed yield, and number of cuts under drought-prone environment. Results showed 
genotypic differences in WUE, above-ground biomass, seed yield, and HI. WUE increased with an improved HI leading to 
higher above-ground biomass. Linear relationships were observed between aboveground biomass, HI, and WUE. The results 
showed differences between the first cut compared to the following cuts. We recommend using VSV-15 with the highest 
value for both above-ground biomass and seed yield, followed by S_35.  The S-35 showed optimistic potential to be used as 
fresh green forage when the whole plant is used at maturity, or can simply utilize the highest fresh weight achieved from its 
first cut.  
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1. Introduction  

One of the perilous defies that face the world is the 
necessity to fulfill the food requests of the intensely rising 
population (Al-Ghzawi et al., 2018). The world population 
is estimated to rise by 34% by 2050, with an extra 2.3 
billion people, based on the FAO forecasts (FAO, 2009). 
To confirm worldwide growth, cereal production must be 
increased by 43% on a global scale. This growth will be 
enhanced by changing climate and new defies facing 
agriculture (Barbeau et al., 2015; Al-Ghzawi et al., 2019). 
The most significant obstacle to agricultural productivity 
in arid and semi-arid regions is water, which is usually 
caused by low and/or uneven rainfall distributions 
(Jahanzad et al., 2013, Keshavarz et al., 2014). Crop 
growth depends on climate as plant physiological 
processes react directly to changes in temperature and 
moisture availability (McKenzie and Andrews, 2010). 
These factors have numerous impacts on established plant 
behaviors, including defects in photosynthesis, reductions 
in leaf area, and the sugar content of cereals including 
sorghum (Sorghum bicolor L.) (Plaut, et al., 2004).   

 Several studies have been conducted to improve crop 
production including sorghum to fulfill the higher demand 
to face the expected increase in world population. Since 
the future scenarios of climate change predict decreasing 
precipitation and increasing temperature, Jordanian 

scientists demonstrated that sustainable cereal yield growth 
is crucial, and new breeding strategies are needed to 
develop high-yielding, stress-resistant genotypes. 
Developing new genotypes with improved drought 
adaptation and increased yield per unit area is also 
essential for crop improvement under rainfed conditions in 
Jordan (Al-Abdallat et al., 2017).        
In Jordan, the climate varies considerably across different 
regions. For instance, the western areas experience a 
Mediterranean climate, marked by hot, dry summers and 
mild, wet winters (Al-Bakri et al., 2011). Rainfall in this 
region exhibits notable variability both within and between 
years. The climate in the highlands of Jordan and its 
surrounding areas is characterized by mild summers and 
cold winters (Al-Bakri et al., 2011). Rainfall starts in 
October up to March. The annual rainfall ranges from 30 
to 100 mm in the steppe desert, while it exceeds 600 mm 
in the highlands, with significant variability between and 
within the regions. Rainfall decreases while moving from 
west to east and from north to south. Since almost 91.4% 
of Jordan's land is desert and has no economic significance 
except from occasional, short-term grazing during specific 
seasons of the year, the country is categorized as a low 
rainfall zone (Al-Karablieh and Jabarin, 2010). According 
to the Third National Communication on Climate Change 
produced by Jordan in 2014 (MoEnv, 2014), it is predicted 
that Jordan is anticipating a warm climate with possible 
temperature increases of 2.1 ºC to 4 ºC by the end of the 
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century. It also expects a dry climate with potential 
cumulative precipitation decreases of up to 21%, 
particularly in the western region of the country, and more 
frequent and severe droughts. 

Sorghum is the fifth-most significant cereal crop 
regarding global sowing and distribution (Kimber, 2000, 
Gognsha and Hiruy, 2020). Rainfed crops adapted to dry 
climates in arid and semiarid environments (Saddam, S.  et 
al., 2014) and are utilized for both seed and biomass 
purposes as food, fodder, forage, and biofuel (Assefa et al., 
2020; Bollam, 2021; Ostmeyer et al., 2022). Sorghum 
forage production is influenced by various factors such as 
high-yielding cultivars, effective weed control strategy, 
seed vigor, sowing date, and depth, fertilizer, and 
irrigation. Because it can withstand unusual abiotic 
challenges like heat and drought (Pennisi, 2009; Chiluwal 
et al., 2018), use available resources efficiently (Van 
Oosterom et al., 2001, Qi et al., 2016), and adapt 
genetically to a variety of ecological conditions with 
limited water and soil fertility (Ahmad, W., et al., 2016), it 
is a great alternative feed source. It also shows promise for 
future growth. (Bibi and others, 2012).  

 
In Jordan, Sorghum is not well known and is 

distributed as animal feed and mostly grown by limited 
resource farmers with low inputs and limited resources. 
Sorghum is planted in very small quantities in Jordan as a 
winter crop (FAO, 2022). Therefore, the objective of the 
current study was to evaluate the productivity of sorghum 
grown under full irrigation using mixed water (fresh and 
treated wastewater) effluent based on potential 
evapotranspiration calculated from meteorological data.  

2. Materials and Methods 

2.1. Study area and site description  

This study was conducted at Deir-Alla Regional 
Agriculture Research Center, Located in Jordan Valley at 
35°37 ́N longitude, 32° 13 ́ E latitude, and 224 m below 
sea level. Deir-Alla has a semi-arid climate with warm 
winters (minimum temperature is 15 ºC) scorching 
summers and an average of 280 mm of yearly rainfall. The 
mean yearly temperature is 30 ºC. In summer, the typical 
relative humidity is 30% compared to 70% in winter. The 
area experiences erratic rainfall patterns and is particularly 
vulnerable to drought. A potential evapotranspiration 
measures 2175.065 mm. The soil is extremely calcareous 
and non-saline.  

2.2. 2.2 The experimental design and field experiment 

2.2.1. water and irrigation schedules 

The King Talal Dam (KTD) at the Zarqa River 
provided the study area's water resources through 
pressurized convey pipes. The water's moderate salinity 
ranges from 1.4 dS m-1 in the winter to roughly 3.0 dS m-
1 in the summer, which could have a negative impact on 
salt accumulation in the soil profile and the degradation of 
land productivity.  

Based on potential evapotranspiration calculated using 
the Penman-Monteith equation from meteorological data, 
the drip irrigation method used various kinds with mixed 
water effluent from King Talal Dam as full irrigation. It 
was used with 0.4 meters between lateral emitters and 

inline emitters (4 l h-1). Disc filters was employed to 
reduce clogging of the water outflow to achieve and 
maintain irrigation efficiency. A drip irrigation system 
with four-liter-per-hour inline emitters spaced 40 
centimeters apart and 40 centimeters apart between lateral 
lines based on the water demand of the crop (every 10 
days).  

To make sure that the water content in the soil was 
within the permitted range (75% of field capacity), soil 
water content was measured for each location at three 
distinct soil depths: 0–20, 20–40, and 40–60 cm. Soil 
water measurements were obtained in the time domain 
"Trime -FM3 TDR" (Imko GmbH, Ettlingen, Germany) 
using a reflectometer. Experimental plots were managed 
following the standard practices of the National 
Agriculture Research Center (NARC) including the 
application of fertilizers and pathogen and weed control. 
2.2.2. cultivation and experimental design 

At the end of June 2019, eight different Sorghum 
genotypes ( ICSV_745, CSV_93046_9, CSV_15, JJ_1041, 
ICSV_112, S_35, ICSR_93034, EZRA' 7 ) were planted at 
Dair Alla agricultural station. The eight genotypes were 
grown in a randomized complete block design with twelve 
replications. Four replicates were kept for harvest, while 
the other eight replicates were used for growth analysis 
throughout the growing season.  The plot area was 3 m2 
with 8 rows (0.40 m apart and 3.2 m long). The eight 
cultivars were randomly distributed in each plot, and two 
rows were cultivated with EZRA' 7 as borders to avoid 
edge effect.  

To evaluate the crop productivity throughout the 
season, four replicates were kept to measure green above-
ground biomass at harvest (before pod formation) with no 
cuttings throughout the season.  The other four replicates 
were used to measure seed production at maturity (4 
replicates) with no cuttings throughout the season, while 
the rest of the replicates (4 replicates) were cut three times 
throughout the season to measure the green above-ground 
biomass at three different growth stages to examine 
progressive vegetative growth (i.e. fresh forages from 
different cuts were subjected to air drying).  

The first cut was harvested 65 days after planting; the 
second cut was taken 35 days after the first cut; and the 
third cut was taken at harvest time (physiological 
maturity), leaving at least 10 to 18 cm of stubble for fast 
recovery purposes following each cut. 

The following traits were measured: Number of 
Branches Plant Height (cm); Stem Diameter (cm); Brush 
Length (cm); above-ground Biomass Fresh Weight 
(ton/ha); above-ground Biomass Dry Weight (ton/cut); 
Total Mature Fresh above-ground biomass  (ton/ha); Total 
Mature Dry above-ground biomass (ton /ha); Seed Yield 
(ton /ha). Data for forage above-ground biomass & seed 
yields were calculated based on plants cut at ground level 
(net plot area) after physiological maturity (total above-
ground biomass) or needed growth stage (cut). The height 
of the plant (cm) measured at 50% of its linear meter 
blooming from the bottom to the top. The green forage 
above-ground biomass per plot were determined using a 
spring balance and converted into fresh above-ground 
biomass weight per hectare, the dried plants were weighed 
again using a precision balance after being left in the sun 
for 10 days to determine the dry weight (DW). The weight 
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loss percentage was calculated by dividing DW / FW by 
100 for each sample.  

2.3. Water Use Efficiency and HI 

Three WUEs were calculated as water use efficiency at 
maturity fresh weight, at maturity dry weight, and seed 
harvesting, measuring fresh weight / each cut and dry 
weight/cut. The water use efficiency (WUE) was 
calculated by dividing the produced above-ground biomass 
weight (fresh above-ground biomass, dry above-ground 
biomass, and seed weight) per amount of water applied 
(m3). Harvest Index (HI): the weight of grain produced 
expressed as a proportion of the total weight of the plant.  

2.4. Statistical Analyses 

A Turkey-Kramer test within 
 JMP statistical software version 11.0.0 

 (SAS Institute Inc.,  2011) was used to evaluate 
the differences in means for all crop parameters among 
different  Sorghum genotypes. The test 
is a genuine test with a 95% confidence level. 

3. Results and Discussion.  

Significant differences (P≥0.05) were observed among 
the eight tested genotypes in terms of plant height, stem 
diameter, and brush length (Table 1). Plant heights range 
from 97.0 cm in EZRA' 7 to 226 cm in ICSV_93046_9. 
Similarly, the stem diameter ranged from 1.4 cm in 
JJ_1041 to 2.20 cm in EZRA' 7. The brush length was 
21.00 cm in S_35, followed by 20.88 cm in ICSR_93034, 
and the least was seen in EZRA' 7 with 8.96 cm.  

Table 1.  Comparison of mean physical parameters of different genotypes of sorghum* 

Genotypes Number of Branches 
Plant height Stem Diameter Brush Length 

cm 

ICSV_745 4.8a 118.8g 2.02b 19.25e 

ICSV_93046_9 3.3e 226.0a 1.91e 18.96f 

CSV_15 4.3b 176.8d 1.78f 18.67g 

JJ_1041 3.8d 200.3b 1.40h 20.42c 

ICSV_112 4.0c 142.0f 1.68g 20.21d 

S_35 2.8f 187.3c 1.99c 21.00a 

ICSR_93034 3.8d 150.8e 1.97d 20.88b 

EZRA' 7 4.8a 97.0h 2.20a 8.96h 

*Means followed by the same letter are not statistically significant at P<0.05 

S-35 genotype showed optimistic potential to be used 
as fresh green forage (147.6 ton/ha) when the whole plant 
is used at maturity, while EZRA' 7 was the lowest (32.9 
ton/ha; Table 2). S-35 ranked first among the genotypes 
and yielded 147.6 ton/ha of above-ground biomass (Table 
2). The same trend was observed in the three cuttings with 
a total of 138.2 ton/ha (Table 4). S-35 produced 41.3 
ton/ha still has the highest dry weight (Table 2), followed 
by ICSR93034 (40.2 ton/ha), while the least dry weight 
was produced by EZRA' 7 (8.3 ton/ha). Table 2 illustrates 
that S-35 loses 72% of its original fresh weight, which 

represents a moderate value of percentage water loss 
compared to the rest of the genotypes. The highest 
percentage of water loss was seen at ICSR93034 with 
90.3%, followed by CSV-15 with 88%, while EZRA' 7 lost 
just (43.4 %) as the least weight loss. WUE followed the 
same trend as fresh above-ground biomass weight, in that 
S-35 showed the highest value with 9.84 kg/m3, as well as 
in the case of dry above-ground biomass weight with 2.75 
kg/m3. EZRA' 7 has the lowest WUE value (2.19 & 0.55 
kg/m3) at fresh and dry above-ground biomass 
respectively 

Table 2.  aboveground biomass (ton/ha) and WUE (kg/m3) * 

Genotypes  
Aboveground biomass ton/ha (Yield) %weight loss after drying Aboveground biomass  WUE (kg/m3) 

Fresh Dry  Fresh Dry 

ICSV_745 110.1d 28.0e 71.35937c 7.34d 1.87e 

ICSV_93046_9 126.4c 32.0c 77.48677b 8.43c 2.14c 

CSV_15 136.2b 28.6d 88.00977a 9.08b 1.91d 

JJ_1041 65.3g 16.5g 62.16353d 4.35g 1.10g 

ICSV_112 97.4e 24.6f 57.48891e 6.50e 1.64f 

S_35 147.6a 41.3a 72.53442c 9.84a 2.75a 

ICSR_93034 85.9f 40.2b 90.28372a 5.72f 2.68b 

EZRA' 7 32.9h 8.3h 43.36373f 2.19h 0.55h 

*Means followed by the same letter are not statistically significant at P<0.05.

3.1. Seed Production and WUE 
The seed yield (Table 3) showed CSV_15 with 12.72 

ton/ha as the highest value, followed by JJ_1041 with 
11.36 ton/ha. In contrast, the ICSR_93034 and ICSV_745 

genotypes show the least seed yield of 0.06 ton/ha. The 
same trend is shown in terms of seed WUE, in that the 
CSV_15 genotype exhibits the highest WUE value with 
0.85 kg/mP

3
P followed by JJ_1041 with 0.76 kg/mP

3
P, while 

the lowest value is seen at ICSR_93034 with a 0.004 
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kg/m3.  The highest HI value was seen for JJ_1041 
genotypes with 0.687, and the lowest HI value was seen at 
the S-35 genotype. 
Table 3. Seed productivity of different genotypes of sorghum at 
maturity* 

Genotypes  
Seed wt. ton/ha  

(Yield) 

Seed WUE 

 (kg/m3) 
HI 

ICSV_745 0.06g 0.004g 0.002g 

ICSV_93046_9 2.05d 0.137d 0.064e 

CSV_15 12.72a 0.848a 0.444b 

JJ_1041 11.36b 0.757b 0.687a 

ICSV_112 5.22c 0.348c 0.212c 

S_35 1.59e 0.106e 0.039f 

ICSR_93034 0.06g 0.004g 0.001h 

EZRA' 7 1.30f 0.087f 0.156d 

*Means followed by the same letter are not statistically significant 
at P<0.05. 

3.2. Productivity of sorghum genotypes at various cuts. 

Table 4 shows the extent of statistical significance in 
the first cut (P≥0.05). The S-35 genotype showed the 
highest above-ground biomass obtained in the first cut 
with a 92.2 ton/ha, as well as WUE with a 13.2 ton/m3, 
followed by the ICSR-93034 genotype with an 86 ton/ha 
above-ground biomass and a 12.3 kg/m3 WUE. The lowest 
value was shown in EZRA’7 with 48.3 ton/ha of 
aboveground biomass and 6.9 kg/m3 for WUE.   

Table 4.  Productivity of different genotypes of sorghum at different cuts* 

Genotypes  

Cut1 Cut2 Cut3 Total Yield  Average WUE 

Yield WUE Yield  WUE Yield WUE Fresh Dry Fresh Dry 

ton/ha kg/m3 ton/ha kg/m3 ton/ha kg/m3 ton/ha kg/m3 

ICSV_745 70.8f 10.1f 64.5b 12.9b 5.7g 0.99g 141.0c 42.3c 8.00b 2.38c 

ICSV_93046_9 85.2c 12.2c 48.6d 9.7d 7.9d 1.37d 141.6b 45.9b 7.75c 2.58b 

CSV_15 77.6e 11.1e 33.3h 6.7h 3.9h 0.67h 114.8h 34.4g 6.14h 1.94h 

JJ_1041 65.0g 9.3g 56.3c 11.3c 7.2e 1.24e 128.5f 38.5f 7.26g 2.17f 

ICSV_112 84.6d 12.1d 44.0f 8.8f 11.4c 1.99c 140.0d 42.0d 7.62d 2.37d 

S_35 92.2a 13.2a 40.2e 8.0g 5.8f 1.00f 138.2e 41.5e 7.41e 2.31e 

ICSR_93034 86.0b 12.3b 68.3a 13.7a 13.7b 2.38b 168.1a 50.4a 9.45a 2.84a 

EZRA' 7 48.3h 6.9h 47.2g 9.4e 32.0a 5.56a 127.5g 38.4g 7.30f 2.16g 

*Means followed by the same letter are not statistically significant at P<0.05. 

The results of the second cut demonstrate variations in 
above-ground biomass cuts and WUE. ICSR-93034 
genotype demonstrates the highest above-ground biomass 
with 68.3 ton/ha as well as with a WUE of 13.7. kg/m3, 
followed by ICSU-745 with 64.5 ton/ha and a WUE value 
of 12.9 kg/m3. On the other hand, the values that were the 
lowest in WUE (Table 4) were seen at CSV_15 with 33.3 
ton/ha and a WUE of 6.7 kg/m3.  

On the other hand, in the third cut, the EZRA' 7 
genotypes showed the highest above-ground biomass with 
32.0 ton/ha as well as with a WUE of 5.56. kg/m3.  
Followed by ICSR_93034 with 13.7 ton/ha and a WUE of 
2.38 kg/m3. The lowest above-ground biomass in the 
second cut was seen for ICSV_745 with 5.7 ton/ha and a 
WUE of 0.99 kg/m3. The total above-ground biomass 
obtained as a sum of all the three cuts illustrated in Table 4 
showed that ICSR_93034 has the highest above-ground 
biomass with 168.1 ton/ha and a WUE average value of 
7.3 kg/m3, whereas CSV_15 had the lowest above-ground 
biomass, measuring 114.8 tons/ha and having a WUE of 
34.4 kg/m3.. 

4. Discussion 

Currently, Jordan's mean annual temperatures have 
increased dramatically, and this increase has been 

accompanied by less and unequal precipitation distribution 
(Ormann, 2018).  This effect was seen in changes in 
vegetative cover deterioration and reduction in dominated 
genotype production (Aukour et al., 2013). Consequently, 
using well-adapted germplasm is a useful strategy to 
mitigate climate change related to heat stress and drought 
(Fita et. al., 2015; Al-Ghzawi et al., 2017). Predictions 
indicate that water demand will rise significantly owing to 
population growth, climate change, and the development 
of agricultural practices. Therefore, plant breeders are 
focused on creating water-use-efficient cultivars to avoid 
heat stress and drought in order to preserve sustainable 
agricultural production.  

Sorghum is a vital crop in drier areas assisting more 
than 500 million people (Yahaya et al., 2021). It is a 
reasonably drought-tolerant crop adapted to cultivate and 
yield in marginal locations where it is difficult to other 
leading crops such as maize and wheat to survive. 
However, the yield of sorghum in the semi-arid regions is 
still below the world average of 2.5 ton/ha, primarily due 
to repeated droughts and heat stress. Therefore, the 
objectives of this study were to assess the impact of 
drought stress on eight sorghum genotypes to identify their 
ability to withstand semiarid conditions in the Jordan 
Valley. Results showed differences among tested 
genotypes. At maturity, statistical analysis for the whole 
cultivated (without cut) plants showed significant 
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differences among genotypes regarding above-ground 
biomass, percentage of weight loss after drying, and WUE 
for above-ground biomass. In other words, sorghum 
genotypes varied in their adaptation to arid environments 
and thus their aboveground biomass at drought-prone 
conditions. This was consistent with Zegada-Lizarazu et 
al. (2012) and Bani Hani et al. (2022), who demonstrated 
that Under drought stress, WUE is the main concern rather 
than the production itself, keeping in mind that WUE is the 
amount of above-ground biomass produced per unit of 
water used. Indeed, the current study revealed that WUE is 
the determinant of yield under stress and even as a 
component of crop drought resistance, since genotypes 
with the highest WUE produce the highest above-ground 
biomass and seed yield. In the current study, JJ_1041 
genotypes showed the highest HI followed by CSV_15 as 
the most tolerant genotypes to the semiarid environment, 
while the least tolerant genotype (ICSR_93034), had the 
lowest HI values. This indicates that this genotype is non-
tolerant to drought and cannot grow properly. These 
results suggested that HI can be a useful indicator by 
breeders for sorghum tolerance to semi-arid environments.  

The current study showed a converse relationship was 
observed between the above-ground biomass production 
and the number of cuts. It is noticeable that in all 
genotypes above-ground biomass yield is reduced by 
repeated cuts, whereas the third cut yield is always the 
lowest in all genotypes. On the other hand, all other 
genotypes show that the WUEs were high in the second 
cut compared to the third cut. The results showed a slight 
difference in the case of the first cut compared with the 
second cut. For example, in the first cut, S-35 sorghum 
genotypes do not conserve the same orientation as other 
genotypes, the production value drops to the closest lower 
value. The genotype S-35 showed the highest WUE at the 
first cut which might be related to high production records 
when compared to other genotypes. Variations in WUE are 
shown in the second cut results, with ICSR-93034 showing 
the highest value and ICSU-745 following. In the second 
cut, the above-ground biomass obtained in all genotypes 
was less than that in the first one. ICSR_93034 genotype 
showed the highest above-ground biomass as well as 
WUE, while S-35 became the fifth genotype in harvested 
above-ground biomass. The same trend was seen in the 
third cut in which EZRA' 7 showed the highest above-
ground biomass as well as the highest WUE. Additionally, 
the sum of the above-ground biomass from the three cuts 
revealed that ICSR_93034 had the highest above-ground 
biomass and WUE, while S-35 had the freshest above-
ground biomass from the entire plant and CSV_15 had the 
lowest above-ground biomass and WUE. From all the 
above, the results show that the S-35 genotype has a high 
level of above-ground biomass production. This genotype 
has the potential to be drought-resistant and can be used as 
a substitute for animal feeds in Jordan, provided that 
continuous feeds are obtained through multiple rapid 
cultivations, first cut, or the entire plant. In terms of 
propagation characteristics, Sorghum JJ_1041 yielded 
11.36 tons/ha, which was less compared to the highest 
seed output of 12.72 tons/ha produced by CSV_15. 
However, the S_35 genotype had a significantly low seed 
yield of just 1.59 tons/ha, indicating its inability to 
reproduce well under dry and drought-prone conditions 

5.  Conclusions 

Results presented in this study showed that as the 
number of cuts increased during the sorghum lifespan, 
above-ground biomass decreased. A significant difference 
is presented among genotypes. Also, the high HI genotype 
had high WUE, hence producing more above-ground 
biomass and seed yield. To cultivate sorghum for dual 
purposes (fresh above-ground biomass and seed 
production), it is recommended to use VSV-15 with the 
highest value for both above-ground biomass and seed 
production. 
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Abstract 

Eggplant (Solanum melongena L.) is an important traditional crop, cultivated worldwide. Olive mill wastewater (OMW) is 
an important olive oil extraction byproduct due to its high concentration of different valuable compounds. Three eggplant 
cultivars were evaluated under different concentrations of olive mill wastewater. Seedlings were treated with four OMW 
levels (control, 25% OMW, 50% OMW and 100% OMW). Eggplant cultivars expressed different physiological responses 
when irrigated with OMW at different levels. Many physiological parameters such as growth, stomatal conductance, 
transpiration, relative water content, relative growth rate, stem diameter and chlorophyll content were examined.  It has been 
found that many of these responses were adversely affected when plants were irrigated with OMW. Unexpectedly, the water 
status of eggplants was not affected by the different levels of OMW as plants maintained transpiration rate similar to the 
control values. Our findings clearly suggest that the physiological responses of eggplant to OMW vary among cultivars. 
However, the ability of plants to absorb water were not affected by OMW.  We recommend that the sensitivity of the 
eggplant cultivars to OMW be taken into consideration before irrigating eggplants with OMW. 

Keywords: Solanum melongena; Olive mill wastewater; Phenolic compounds; transpiration, diffusive resistant, Plant relative growth rate; 
Net assimilation rate. 
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1.  Introduction    

Demand for food is much more than ever before. The 
food production chain including agriculture and industry 
leads to accumulation of wastes that need to be assimilated 
or safely disposed with minimum environmental impacts. 
Olive mill wastewater (OMW) is an example of olive oil 
extraction byproduct that can be of beneficial for some 
uses due to the high concentration of different compounds. 
Olive (Olea europea L.) trees are drought tolerant ones 
commonly grown in Mediterranean region as viable trees 
that do not require much effort (Brito et al., 2019, Torres-
Ruiz et al., 2013). Olive oil marketing is an expanding 
worldwide industry especially in the olive-growing regions 
due to the high demand for its fruits and oil and the 
associated economical value (Khdair and Abu-Rumman, 
2020, Brito et al., 2019). The production of olive oil in 
Mediterranean countries represents 95-98% of the entire 
worldwide total production (Arvaniti et al., 2012). 

 Processing of olive fruits to extract olive oil generates 
two types of waste which are a large quantity of solid 
waste called pomace (Khdair and Abu-Rumman, 2020) or 
olive cake and OMW that is generating a main ecological 
problem (Khdair and Abu-Rumman, 2020, Arvaniti et al., 
2012). Olive pressing industry produces 1,000 metric tons 
of this OMW per harvesting season (annually) in 

Mediterranean countries in a short period of time (October 
to late January) (Khdair and Abu-Rumman, 2020, 
Paraskeva and Diamadopoulos, 2006). The amount of 
OMW differs according to the extraction method, with a 
range of 50 and 80 mP

3
P haP

-1
P using pressure or centrifuge 

extraction techniques (Belaqziz et al., 2008 , Hanifi and El 
Hadrami, 2009).  

OMW is a dark brown color acidic waste, highly saline, 
and rich in organic matter and minerals (Arvaniti et al., 
2012, Comegna et al., 2022, Rusan and Malkawi, 2016, 
Lopes et al., 2009). The organic matter composition differs 
in its phenolics, sugars, polysaccharides, proteins, lignins 
and fatty acids content according to type of olive, 
treatment procedure, the level of fruit maturity, time of 
harvest, and processing method (Arvaniti et al., 2012, De 
Marco et al., 2007).  

The ecological problem of OMW arises from the high 
concentration of phenolic, tannins and flavonoids 
compounds that negatively impacts plant growth and 
microorganisms if approaching toxicity levels (Comegna 
et al., 2022, Arvaniti et al., 2012, Isidori et al., 2005). In 
addition, OMW is characterized with unpleasant odor after 
anaerobic digestion (Arvaniti et al., 2012) and represents a 
threat to pollute surface and groundwater sources, with an 
adverse impact on the environment aesthetic value  
(Khatib et al., 2009 , Arvaniti et al., 2012). Therefore, 

https://doi.org/10.54319/jjbs/170406
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some European countries prohibit discharging of this 
wastewater in nature (Hanifi and El Hadrami, 2009).  

The uncontrolled disposal of OMW on soil leads to 
reduction in soil water retention ability and infiltration 
rate, increases soil hydrophobicity, adversely affects soil 
acidity, salinity, nitrogen immobilization, and nutrient 
leakage (Khdair and Abu-Rumman, 2020, Sierra et al., 
2007) . Different methods have been proposed for OMW 
treatment based on evaporation ponds, thermal 
concentration, and different physicochemical and 
biological treatments (Martinez et al., 1994). 
Unfortunately, most of these methods are costly, and still 
the end by-products need to be disposed and uploaded to 
an environment system (Khdair and Abu-Rumman ,2020, 
Arvaniti et al., 2012, Paredes et al., 1999) . However, 
some researchers reported advantages and benefits 
associated with OMW where incorporating OMW with 
soil changes soil physicochemical and microbiological 
properties, reduces evapotranspiration in arid and semi-
arid zones and improves soil water balance, amends soil 
structure, decreases soil erosion, increases infiltration rate 
and water holding capacity with no negative impacts on 
soil properties (Kurtz et al., 2021, Khdair and Abu-
Rumman, 2020, Rusan and Malkawi, 2016 , Rusan et al., 
2015, Rigane et al., 2015, Ayoub et al., 2014, Wahsha et 
al., 2014, Barbera et al., 2013). Furthermore, OMW can 
replenish soil with macronutrients (nitrogen, phosphorus 
and potassium) along with organic matter that is beneficial 
to soils (Comegna et al., 2022 , Khdair and Abu-Rumman, 
2020, Rusan and Malkawi, 2016 , Rusan et al., 2015) . 
Therefore, there is a potential for OMW to be exploited in 
agricultural as source for nutrient, soil conditioner, and a 
water conservation technique.   

Eggplant (Solanum melongena L.) is a vegetable crop 
belonging to solanaceae family. Eggplant is a traditional 
crop mainly in Asia, Southern Europe and the 
Mediterranean countries. It is the fifth most economically 
important solanaceous crop after potato, tomato, pepper, 
and tobacco (Taher et al., 2017). In 2008, about 1.96 
million ha were devoted to cultivating eggplant worldwide 
(FAO, 2010). The large annual quantities of OMW 
production accompanied with both its climatic hazards and 
its nutritive values to plants nominated this product for 
more investigation. The aim of this work was to 
investigate the growth rate, water relations, and 
physiological responses of three eggplant cultivars under 
different concentrations of the olive mill waste water 
applications. 

2. Materials and Methods 

2.1. Study location 

This study was conducted in a greenhouse at the 
Hashemite University, Zarqa, 32°05’ N Latitude and 36°06 
E Longitudes. Greenhouse day temperatures were in the 
range of 20-35°C, and mean midday photosynthetic photon 
flux density (PPFD) was 365 µmol.s-1.m2 measured by a 
quantum sensor (LI_250A; LICOR.)  

2.2. Plant Material and Experimental Design 

 Seeds of three eggplants (S. melogena L.) cultivars 
(Blacky, Hi-Tech, Denmark; Pearly F1, Hi-Tech, 
Denmark; and Classic, Harris moran, China) were used for 
this experiment. Seeds were germinated in trays containing 

peatmoss (KEKKILA, European Union). After 30 days of 
seeding date, seedlings were transplanted into 5 L pots 
containing autoclaved mixture of fumigated media 
composed of peatmoss: perlite: soil (1:1:1v/v). Cloth 
screens were placed in the bottom of the pots to prevent 
soil loss and allow drainage of extra irrigation water. 
Transplanted seedlings were kept well irrigated in the 
greenhouse for a month. Plants were fertilized using Nutri-
Leaf 60, USA (20N-20P- 20K) at a rate of 5g/L of 
irrigation water once a week after transplantation. 

The plants were gradually irrigated with OMW solution 
until the disignated treatment levels were reached in order 
to acclimatize the plants and avoid shock. Four levels of 
irrigation water mixed with OMW were used (control, 
25% OMW, 50% OMW and 100% OMW). Uniform 
plants from each cultivar were assigned randomly to one 
of four irrigation treatments and allowed to grow for 65 
days. The experimental design was completely randomized 
block design with five replications. Each block contained 
12 plants (3 cultivars x 4 irrigation solution). An extra 24 
plants (8 per cultivar) were used to determine the initial 
plant growth characteristics before initiating salinity 
treatment application. 

2.3. Initial Seedling Traits 

Initial plant growth characteristics were collected for 
each cultivar using the extra plants maintained for this 
purpose. The harvested plants were separated into leaves, 
stems and roots. The collected baseline data included leaf 
area, leaf dry weight, stem dry weight and root dry 
weights. Leaf area (cm2) was measured using a portable 
leaf area meter (LI-3000A; LICOR; Lincoln, Nebr. USA). 
Roots were washed by tab water to remove soil mixture. 
Oven dry weights of leaves, stems, and roots were 
determined after drying at 65 oC to a constant weight (data 
not shown). 

2.4. Treatments preparation 

2.4.1. Determination of total phenol content in the OMW   

Total phenol content (TPC) was determined according 
to Slinkard and Singleton, (1977) with Folin–Ciocalteu 
reagent using Gallic acid as a standard. Briefly, 1 ml of 
approximately diluted samples and a standard solution of 
Gallic acid were added to a 25 ml volumetric flask 
containing 9 ml of distilled water. Distilled water was used 
as blank reagent; one ml of folic–Ciocalteu phenol reagent 
was added to the mixture and were shaken for 5 min. 
Then, 10 ml of 7% Na2CO3 solution were mixed and then 
allowed to stand for 2 h. Next, the absorbance was 
measured at 760 nm using spectrophotometer. The samples 
TPC was averaged to 0.753 mg.l-1 , and that was 
considered as stock OMW solution (100%).  The 
remaining treatments were prepared from the stock 
solution and diluted to (50% and 25%) and that was 
equivalent to 0.377 and 0.188 mg.l-1 , respectively. 
2.4.2. OMW solution characteristics  

Electrical conductivity (EC) using EC meter 
(Milwaukee SPEM500), TPC and pH were determined for 
the OMW irrigation solutions (Table 1). 
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Table 1: Electrical conductivity, pH and TPC of OMW irrigation 
solutions.  

Parameters 
OMW irrigation solution 

100%  50% 25% 

pH 5.5 5.8 5.8 

Electrical Conductivity        

 (EC) (dS. m-1 ) 
1.870 1.325 1.092 

TPC (mg.l-1)            0.753 0.377 0.188 

On the same day when the initial data were recorded, 
the five blocks were irrigated with OMW treatment (25%, 
to prevent shock, except for the control that was watered 
with tap water only. The OMW concentration was then 
gradually increased for two weeks until each desired 
OMW treatment level was achieved (control, 25% OMW, 
50% OMW and 100% OMW). Once all the experimental 
plants had started receiving their designated treatments 
levels, all treatments were irrigated manually every two 
days to the field capacity for the total duration of 65 days. 

2.5. Physiological Traits 

Chlorophyll Concentration Index (CCI) was 
determined biweekly by averaging two midday readings of 
each plant. The SPAD was measured on the two youngest 
fully-expanded mature healthy leaves (LI-250A 
OPTICSCIENCES CCM-200). Transpiration and stomatal 
conductance (gs) were measured biweekly using a steady 
state porometer (LI-1600; LICOR; Lincoln, Nebr.). The 
height of each plant was measured biweekly from soil 
surface to the top of the plant. 

2.6. Final Harvest 

All plants were harvested after 65 days of initiating the 
experiment. Harvested plants were washed, air dried on 
filter paper, separated into leaves, stems and roots. Leaf 
area (cm2) was determined using a portable leaf area meter 
(LI-3000A; L-ICOR; Lincoln, Nebr. USA). Stem 
diameters were measured using an electronic 0-150 mm 
digital caliper (Swiss). The oven dry weights of plant 
leaves, stems and roots were determined after the dry 
weight was stabilized at 65 oC. Leaf discs from two 
youngest fully expanded mature leaves of all plants were 
used to determine Relative Water Content (RWC).  

RWC was calculated using the equation (FW-DW/TW-
DW) (100), where FW is the fresh weight, DW represents 

fresh weight sample oven dried at 68 °C and TW 
represents the turgid (saturated) weight of sample, which 
was immersed overnight in distilled water (Bsoul et al., 
2006). Relative growth rates were calculated using the 
equation of  Gutschick and Kay, (1995): RGR = (ln W2 -ln 
W1)/ (T2 - T1), where W2 was the final dry weight at day 
65 (T2), and W1 was the initial DW determined from 
initial data harvest on day 1 (T1). Net assimilation rates 
(NAR) were calculated as: NAR = M2 - M1/T2 - T1 X log 
L2 - log L1/L2 - L1, where M2 was the final dry weight at 
day 65 (T2), and M1 was the initial DW determined from 
the initial weight recorded on day one of the experiment 
(T1). Leaf area ratio (cm2.g-1) was calculated as SLA= 
leaf area/leaf dry weight where SLA represents Specific 
Leaf Area. Specific stem length (cm.g-1) was calculated as 
SSL= stem height/ stem dry weight. 

2.7.  Statistical Analysis 

Statistical analysis was performed using SAS 9.1 
software for Windows (2003). Significant differences 
between values of all parameters were determined at P≤ 
0.05 using Proc GLM, PDIFF option, ANOVA and 
Duncan’s Multiple Range Tests were used. 

3. Results 

There was no significant interaction observed between 
cultivars and teatments. Stem dry weight had no 
significant differences among cultivars or treatments. 
Pearly cultivar had the lowest leaf dry weight, shoot dry 
weight, plant dry weight, plant height and stem diameter 
(Table 2). In addition, Pearly had the lowest relative 
growth rate, but the three cultivars had similar NAR (Table 
3). Olive mill wastewater has reduced most of the growth 
parameters of the eggplants when compared to the control 
(Table 2). Classic cultivar had the thickest stem diameter 
(5.02 mm). However, the stem diameter had no significant 
differences among OMW treatments (Table 2). Noticeably, 
irrigation with high olive mill wastewater concentration 
(100%) had no effect on the plant height (Table 2) and 
NAR (Table 3). Olive mill wastewater treatments hand no 
significant effect on the RWC of eggplants cultivars (Table 
3). The CCI values were highest for classic cultivar and 
were negatively affected by all the OMW concentrations 
as compared to the control (Table 3).     
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Table 2. Plant biomass dry weights, shoot to root ratio, plant height, and stem diameter of three eggplant cultivars (Blacky, Pearly, and 
Classic) subjected to four OMW treatments (control, 25%, 50%, and 100%) for 65 days.   

Cultivar Stem DW 
(g) 

Leaf DW 
(g) 

Shoot DW 
(g) 

Root DW 
(g) 

Plant DW 
(g) 

Shoot/ Root  
(g) 

Plant height 
(cm) Stem diameter (mm) 

Blacky 0.84zA 0.84AB 1.77AB 0.74A 2.32AB 3.97A 16.55AB 4.43AB 

Pearly  0.65A 0.52B 1.18B 0.43A 1.61B 4.76A 14.13B 4.21B 

Classic 0.87A 1.02A 1.90A 0.84A 2.72A 3.23A 18.85A 5.02A 

Treatment 

 

              

Control  0.96A 1.52A 2.51A 1.16A 3.53A 3.21AB 17.67AB 4.78A 

25% 0.73A 0.80B 1.54B 0.57B 2.09B 5.65A 14.35B 4.56A 

50% 0.68A 0.57BC 1.25B 0.51B 1.77B 4.34AB 16.05AB 4.37A 

100% 0.77A 0.29C 1.16B 0.45B 1.48B 2.74B 17.97A 4.51A 

P-value 
 

  
   

  
  

Cultivar 0.296 0.032 0.033 0.111 0.039 0.036 0.005 0.0423 

Treatment 0.371 0.0001 0.0003 0.0065 0.0004 0.0003 0.0937 0.7277 

zMeans (n = 5) within columns followed by the same letter were not statistically different. Means were assessed at P ≤ 0.05 using Proc 
GLM, PDIFF option. 

Table 3. Plant net assimilation rate (NAR), relative growth rate 
(RGR), leaf relative water content (RWC), and chlorophyll 
content index (CCI), of three eggplant cultivars (Blacky, Pearly, 
and Classic) subjected to four olive mill wastewater treatments 
(control, 25%, 50%, and 100%) for 65 days.   

Cultivar 
NAR  RGR 

RWC % CCI 
(mg•cm-2•d-1)  (g•g-1•d-1) 

Blacky 0.090A 0.016 AB 0.36A 8.12B 

Pearly  0.067A 0.014 B 0.40A 8.96AB 

Classic 0.099A 0.019 A 0.39A 13.30A 

Treatment     
  

Control  0.115A 0.021A 0.37A 15.65A 

25% 0.069AB 0.016B 0.40A 9.11B 

50% 0.066B 0.015B 0.35A 8.08B 

100% 0.105AB 0.013B 0.42A 7.67B 

P-value         

Cultivar 0.0539 0.0227 0.5218 0.0179 

Treatment 0.0092 0.0042 0.3289 0.002 
 zMeans (n = 5) within columns followed by the same letter were 
not statistically different.  Means were assessed at P ≤ 0.05 using 
Proc GLM, PDIFF option. 

The three cultivars had similar LA, LAR, and LWR 
values with no significant differences among them (Table 
4). On the other hand, Pearly had recorded the highest 
SLA. However, LA, SLA, LAR and LWR were 
significantly impacted by OMW treatments. It is obvious 
that high OMW concentration (100%) had significantly 
reduced the eggplants LA, SLA, LAR and LWR (Table 4).  

Table 4. Leaf area (LA), specific leaf area (SLA), leaf area ratio 
(LAR), and leaf weight ratio (LWR) of three eggplant cultivars 
(Blacky, Pearly, and Classic) subjected to four olive mill 
wastewater treatments (control, 25%, 50%, and 100%) for 65 
days.   

Cultivar LA 
(cm²) 

SLA 
(cm².mg-1) 

LAR 
(cm².mg-1) 

LWR 
(g.g-1) 

Blacky 180.09A 225.49B 68.62A 0.31A 

Pearly  148.58A 271.77A 96.70A 0.33A 

Classic 191.20A 194.23B 77.48A 0.38A 

Treatment 
 

 

    

Control  298.00A 225.31B 87.71A 0.40A 

25% 193.07B 264.01A 109.34A 0.41A 

50% 145.11B 249.38A 89.58A 0.36A 

100% 56.96C 183.29B 37.10B 0.19B 

P-value         

Cultivar 0.4992 0.0062 0.1965 0.2826 

Treatment 0.0001 0.0268 0.0016 0.0002 
 zMeans (n = 5) within columns followed by the 
same letter were not statistically different.  Means 
were assessed at P ≤ 0.05 using Proc GLM, PDIFF 
option. 

The biweekly data showed that eggplant CCI continued 
to decrease throughout the experiment progress under all 
OMW concentration as compared to the control (Fig 1A). 
On the other hand, Classic cultivar had the highest 
chlorophyll content (Fig 1B). 
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Figure 1:  Chlorophyll content index: Biweekly CCI values of three eggplant cultivars (Blacky, Pearly, and Classic) subjected to four olive 
mill wastewater treatments (control, 25%, 50%, and 100%). Data are means ± SE of 5 replicates. Means among the neighbored columns 
marked with the same letter were not significantly different at the P ≤ 0.05 using Proc GLM, PDIFF option. 

Eggplant transpiration rate was not affected by the 
increased OMW concentration in the experiment. 
However,  transpiration rate was increased throughout the 

experiment (Fig 2A). After 42 days, the Classic cultivar 
started to show less transpiration rate than Blacky and 
Pearly cultivars (Fig 2B).    

 

 
A 
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Figure 2:  Transpiration: Biweekly transpiration values of three eggplant cultivars (Blacky, Pearly, and Classic) subjected to four olive mill 
wastewater treatments (control, 25%, 50%, and 100%) Data are means ± SE of 5 replicates. Means among the neighbored columns marked 
with the same letter were not significantly different at the P ≤ 0.05 using Proc GLM, PDIFF option. 

The three eggplants had similar stomatal diffusive 
resistance under the different OMW concentration, but  

they all had high stomatal diffusive resistance values after 
28 days (4 weeks) (Fig 3B).  

      

 
A 
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Figure 3:  Diffusive resistance: Biweekly Diffusive resistance values of three eggplant cultivars (Blacky, Pearly, and Classic) subjected to 
four olive mill wastewater treatments (control, 25%, 50%, and 100%). Data are means ± SE of 5 replicates. Means among the neighbored 
columns marked with the same letter were not significantly different at the P ≤ 0.05 using Proc GLM, PDIFF option.
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4. Discussion 

Our data obviously reported that olive mill wastewater 
negatively impacted the growth of the eggplants, specially 
at high concentration. However, some cultivars such as 
Pearly might be affected more than the other cultivars. 
Rusan et al., (2016) reported that plant growth was 
reduced when irrigated with untreated OMW. Our data is 
consistent with Asfi et al. (2012) who reported that plant 
biomass was more affected than plant height under OMW 
treatments. In addition, negative effect of OMW treatment 
on dry biomass production was reported in many other 
plants (Mekki et al., 2006; Ouzounidou et al., 2008; 
Ouzounidou et al., 2010). 

 However, OMW had no effect on the eggplant water 
status at all concetration levels as the RWC was not 
affected and maintained values similar to the control at all 
OMW treatments concentrations. Moreover, the three 
cultivars had similar RWC. Our data might suggest that the 
OMW treatments had no effect on the absorbtion and the 
hydrulic conductance of water, specially when we refere to 
the shoot/root ratio (Table 2) which showed that the plants 
maintained good root system even when irrigated with 
100% OMW. In addition, the plants transpiration rate and 
the stomatal diffusive resistance maintaind similar 
readings with the control throughout the experiment ( Fig. 
2 and Fig. 3). Chartzoulakis et al. (2010) reported that the 
application of raw OMW had no effect on plants stomatal 
conductance and showed similar values to control plants.  

Our data might suggest that the impaired growth of the 
eggplants in our expirement was not a consequence of 
water deficit. Bsoul et al.(2022) mentioned that water 
availability is a factor that usually reduces NAR and 
growth. Based on the results of CCI data (Table 3), we 
believe that the RGR and NAR are directly impacted by 
chlorophyll content. Fitter and Hay (2002) reported that 
RGR represents the extent to which a plant invests its 
photosynthesis in current growth and improves its ability 
for upcoming photosynthesis. High OMW concentration 
(100%) had significantly reduced the eggplants LA, SLA, 
LAR and LWR (Table 4). Ben-Rouina et al. (1999) also 
reported that the increased levels of OMW irrigation were 
phytotoxic, and plants might die. The variation of cultivars 
growth indices (LA, SLA, LAR and LWR) could be 
attributed to the variable sensitivity among these cultivars 
as reported in previous research (Montemurro et al., 2011). 
Specifically, these growth indices are associated with the 
leaf photosynthetic mesophyll cells (Benincasa et al., 
2003).   

In conclusion, many physiological parameters were 
adversely affected when the plants were irrigated with 
OMW. On the other hand, the water status of the eggplants 
was not affected by the different levels of OMW as the 
plants maintained transpiration rate similar to the control 
values. In addition, our findings clearly suggest that the 
physiological responses of eggplant to OMW vary among 
cultivars, and the reason behind that was not the effect of 
OMW on the ability of the plants to absorb water. We 
recommend that before irrigating eggplants with OMW it 
is important that the sensitivity of the cultivar to OMW be 
taken into consideration. Moreover, the unobservable 
advanges of irrigating S. melongena with OMW for some 
physiological parameters do not necessarily make a 

recommendation for not investigating OMW as a source 
for bioactive molecules that support plant growth and 
development. In addition, OMW is rich in nutreints such 
as nitrogen, phosphorus, potasium, carbon, sodium (Santos 
et al., 2019), anthocyanins, flavinoids, and many other 
useful compounds (Sciubba et al., 2020). Therefore, we 
suggest that further experiments with some manipulations 
can deliver potential applicable findings. For example, 
diluting the OMW below 25% is expected to maintain the 
nutritional value of OMW without arresting plant growth 
and development. Furthermore, investigaing the 
physiological responses of different crops to different 
OMW might be needed primarily befor heading to 
investigate cultivars responses. For example, Santos et al., 
(2019) investigated different crop growth and development 
in realtion to olive wastewater solution applications.   
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Abstract 

Artocarpus altilis (Parkinson) Fosberg, which was first discovered in 1769, mainly grows in subtropical and tropical areas. 
This plant is famous for having multiple applications in Asia, where people use fruits for food, leaves for drinks, and trunks 
for wood. A. altilis is also famous for treating human diseases such as diarrhea, dysentery, and other intestinal diseases. 
Various phytochemicals are determined in this plant and predicted to create biological activities. The bio-effects of the leaf 
extract were evaluated in order to supply scientific evidence contributing to this plant into the orthodox medical application. 
A free radical scavenging assay, a reducing power assay, a broth-diluted assay, and a brine shrimp lethality assay were 
performed to evaluate the extract's antioxidant, antibacterial, and toxicity capacities. The extract was clarified to be able to 
scavenge the free radical DPPH (EC50 = 48.65 ± 1.86 µg/mL) and active ABTS (EC = 29.27 ± 4.38 µg/mL) as well as 
reduce the Fe3+ into Fe2+ in solution. Moreover, the anti-positive gram bacteria were detected as an activity of the extract, 
also causing death to the brine shrimp with an LC50 of 87.68 ± 4.67 µg/mL. Hence, the bio-activities of the A. altilis extract 
were initially demonstrated to inhibit Gram-positive microorganisms and balance the activity of redox. 

Keywords: Artocarpus altilis, antibacterial, shrimp lethality, antioxidants. 
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1. Introduction 

Moraceae is a family with 60 genera consisting of over 
1400 species, mainly growing in the tropical and 
subtropical areas of Asia, in which the genus Artocarpus is 
widely used in folk remedies (Sikarwar et al., 2014; Jagtap 
and Bapat, 2010). Plenty Artocarpus members have been 
proven to have the potential to treat inflammation, skin 
diseases, blood pressure, diabetes, etc. (Jagtap and Bapat, 
2010; Tiraravesit et al., 2015; Adewole and Ojewole, 
2007; Juliastuti et al., 2017). Artocarpus altilis (Parkinson) 
Fosberg is one of the standout members of the genus due 
to its phytochemical diversity, which includes over 50 
species mainly distributed in the subtropical and tropical 
areas, including South Asia, Southeast Asia, Northern 
Australia, and Central America (Sikarwar et al., 2014; 
Aliefman, 2010). Sydney Parkinson discovered this plant 
in 1769 when he was on James Cook's first voyage (Ferrer-
Gallego and Boisset, 2018). In 1773, this plant was named 
Sitodium altile and trustee at the Natural History Museum, 
London (Ferrer-Gallego and Boisset, 2018; Ragone et al., 
1997). Artocarpus altilis (Parkinson) Fosberg has been 
officially used since 1941 (F. R. Fosberg and Swinggle, 
1941). In folk therapy, each part of the plant serves as a 
different remedy. For example, the resin was used for the 
treatment of sprain, sciatica pain, diarrhea, dysentery, and 

other stomach diseases. Meanwhile, the bark was used for 
headaches, and the root was used as a purgative drug 
(Ragone et al., 1997). Additionally, A. altilis leaves are the 
most widely used folk remedies for inflammatory diseases 
(Fakhrudin et al., 2015). However, using leaves of this 
plant for medicine is only at the "word of mouth" level and 
has not been official yet despite the recorded therapeutic 
effects, especially the antibacterial ability. Bacterial 
infections are the most common threat to human health, 
especially those with solid toxicity or drug resistance 
(Mancuso et al., 2021). The problem of bacterial drug 
resistance has become complicated, causing many health 
and economic consequences despite many WHO and 
national policies (Zaman et al., 2017). According to WHO, 
although Ciprofloxacin is one of the most common 
antibiotics used, its restriction is predicted to rise to 93% 
in Escherichia coli and 80% in Klebsiella pneumoniae. In 
2019, Methicillin-Resistant Staphylococcus aureus 
infection in the bloodstream was reported in 25 countries 
while the number recorded on E. coli was 49 countries. 
Thus, research for new bacterial therapeutics has become 
important, and many proposals were suggested, such as 
phage therapy, and modulating the microbiome in a 
situation where antibiotics gradually lose their 
effectiveness (Hauser et al., 2016). Several plant extracts 
are also considered a source of materials of interest in the 
process of finding novel treatments for bacteria (Deka and 

https://doi.org/10.54319/jjbs/170407


 © 2024  Jordan Journal of Biological Sciences. All rights reserved - Volume 17, Number 4 638 

Jha, 2018; Adaramola et al., 2018). Most secondary 
compounds exhibit antibacterial and antioxidant activity 
(Tungmunnithum et al., 2018). The diversity of medical 
compounds in A. altilis was recorded to be related to 
human healthcare (Sikarwar et al., 2014). A. altilis was 
reported for its antibacterial capacity on different strains of 
bacteria and fungi (Qamar et al., 2014; Pradhan et al., 
2013; Riasari et al., 2017a). In addition, essential 
compounds with promising biological activities can be 
found in this plant, including antioxidant activity 
(Tungmunnithum et al., 2018). A comprehensive 
investigation of the inherent bio-activities of A. altilis leaf 
extract can contribute authentic scientific evidence to 
guide the safe and legitimate use of this plant in medicine. 
To achieve this aim, a synthetic investigation of the 
biological activities of A.altilis leaf extract was 
investigated to illustrate the antioxidant, antibacterial, and 
poisonous features. 

2. Materials and methods  

2.1. Herbal material and extract preparation 

Artocarpus altilis (Parkinson) Fosberg leaves (Voucher 
No. BD-2018-1050) were collected from downtown Thu 
Dau Mot, Binh Duong, Vietnam. The intact leaves were 
rinsed with distilled water. The leaves were further dried in 
an oven at a stable 40oC until the weight was unchanged. 
The herbal powder was formed by grinding it into flour. 
The plant extract was macerated for a week with absolute 
methanol. The 200 mg/mL stock solution was obtained by 
sterile filtering, removing solvents from samples by 
evaporation, and dissolving them into dimethyl sulfoxide 
(DMSO, Merck, Germany). The A. altislis leaf extract 
(abbreviated as AE) was stored at -20°C until use. 

2.2. Antioxidant capacity evaluation 

2.2.1. DPPH assay 

The antioxidant ability of the AE was recorded through 
the capacity of free radical scavenging measurements (Ly 
et al., 2019; Ponnusamy and Pramadas, 2011). The A. 
altilis extract ranging from 0 to 200 µg/mL was mixed 
with α, α-diphenyl-β-picrylhydrazyl (DPPH, Sigma-
Aldrich, USA) 0.3 mM at a proportion of 1:1 (v/v) then 
incubated at room temperature for 30 min in the dark. The 
reacted solution was recorded for absorbance at 517 nm. 
The reactions of vitamin C and solvent to DPPH were 
positive and negative controls. The percentage of DPPH 
radical scavenging was measured as the proportion of the 
discoloured DPPH and the initial DPPH.  
2.2.2. ABTS assay 

2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid 
(ABTS, Sigma-Aldrich, USA) 7 mM solution was reacted 
with 2,45 mM K2S2O8 solution at a ratio of 1:1 at room 
temperature in a dark room for 14 h to form active ABTS 
cation radical (Ly et al., 2019). The active ABTS solution 
was standardized with methanol to get a reagent with an 
absorbance at 734 nm of 7.00 ± 0.02. The A. altilis extract 
(0 to 200 µg/mL) was mixed with the standardized ABTS 
at a ratio of 1:1 (v/v), and then the mixture was left in the 
dark at room temperature for 7 minutes. The reacted 
solution was recorded for absorbance at 734 nm. The 
solvent and vitamin C reactions to ABTS were negative 

and positive controls, respectively. The percentage of 
ABTS radical scavenging was calculated as the proportion 
of the original ABTS and the initial ABTS. The non-linear 
regression was analyzed to calculate the extract's half-
maximal effective concentration (EC50). 
2.2.3. Potassium ferricyanide reducing antioxidant power 
(PFRAP) assay 

The reduction capacity indirectly demonstrates the 
antioxidant ability of the AE. The PFRAP assay was used 
to indicate the reducing power of A. altilis extract by using 
the modified method (Ly et al., 2019). A volume of 1 mL 
of extract was added to 2.5 mL of PBS (phosphate 
buffered saline, TBR Technology CO., Vietnam) at pH 6.6 
and mixed with 2.5 mL of potassium ferricyanide 1% 
(Sigma-Aldrich, USA). The mixture was vortexed and 
heated at 50℃ for 20 minutes before adding a volume of 
2.5 mL of 10% trichloroacetic acid (Sigma-Aldrich, USA). 
After a 10-minute incubation, 2.5 mL of the supernatant 
layer was collected and mixed in 2.5 mL of water 
supplemented with 0.5 ml of 0.1% FeCl3 (Sigma-Aldrich, 
USA). The blue-green colour of the solution was 
computed by the absorbance at 700 nm. The extract at 0 to 
1600 µg/mL concentration was tested; Vitamin C was a 
positive control. 

2.3. Pathogenic bacterial lethality 

The agar diffusion assay was carried out on selected 
pathogenic bacteria to determine the antibacterial effect of 
AE, including Escherichia coli (ATCC 25922 and ATCC 
8739), Proteus mirabilis (ATCC 25933), and Salmonella 
enterica (ATCC 14028), Staphylococcus aureus (ATCC 
25923 and ATCC 6538), Rhodococcus equi (ATCC 6939), 
Listeria monocytogenes (ATCC 13932). The 
microorganisms used in this study were derived from the 
American Type Culture Collection (ATCC, USA). The 
biomass was activated in TSA (Tryptic Soy Agar, 
HiMedia, India) at 37oC overnight for analysis. Bacterial 
concentrations at 108 CFU/mL were regressed using the 
McFarland 0.5 method (Leber, 2016). Biomass was diluted 
with saline to obtain a density of 105 CFU/mL for the 
experiments. 100 µL of 105 CFU/mL spread on Muller-
Hinton Agar plates, and then 6 mm wells were created 
using a punch stopper perforator for 50 µL AE extract 
loading. After a 20-hour incubation at 37oC, the inhibition 
zones reflected the difference of the observed diameter and 
6mm of the well. 

The AE-sensitive strains were further detected for MIC 
(minimum inhibitory concentration) and MBC (minimum 
bactericidal concentration) (Ly et al., 2019). To 
demonstrate the MIC of the extract, the biomass of 
bacteria at 105 CFU/mL in Mueller-Hinton broth (MHB; 
HiMedia, India) was exposed to the AE at different 
concentrations, and the results were recorded by resazurin 
0.02 % (Merck, Germany) supplementation. The MIC 
values were the most diluted AE concentration in which 
the biomass solution was still in blue. The treated biomass 
was further spread onto Mueller-Hinton Agar to clarify the 
MBC, which was considered as the lack of colonies' 
expression. 

2.4. Toxicity of the extract investigation 

The brine shrimp lethality assay indicated the toxicity 
of the extract, and the assay followed the reported 
description with a slight modification ( Banti and 
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Hadjikakou, 2021). An amount of 1 mg of dried cysts 
(Artemia nauplii) was incubated in a hatcher with aeration 
under continuous light for egg hatching. The shrimps were 
cultured in separate test cups containing 2 mL of buffer 
saline; thirty individuals were used for a test. The larvae 
were exposed to the extract at a concentration of 0 to 1000 
µg/mL with aeration under continuous light and without 
feeding for 24 hours. The solvent was a control. The larvae 
without movement during the 10 seconds of observation 
were considered dead. The survival rate was determined as 
a proportion of the number of alive in the test and control 
groups. The non-linear regression analysis was built up to 
indicate the median lethal dose (LD50) of the extract on A. 
nauplii. 

2.5. Data analysis  
All of the experiments were performed at least three times. 
The GraphPad Prism software v.9.0.0 was used for data 
analysis, which was expressed as mean ± standard 
deviation. The differences were computed for the 
statistical significance at a p-value less than 0.05. 

3. Results 

The AE was extracted independently with 200 initial 
herbal powders. The extraction yield was recorded as 
11.74 ± 0.04 %. The phytochemical content of AE extract 
was reported previously in the presence of polyphenols, 
especially tannins and flavonoids, cardiac glycoside, 
reducing sugar, and organic acid compounds (Chi, 2022a). 
The total polyphenol content was determined to be 13.57 ± 
1.88 mg/100g dry weight, with the standard being Gallic 
acid. Meanwhile, the total flavonoid content was 29.64 ± 
7.93 mg/100g dry weight, with the standard being 
Quercetin (Chi, 2022a) 

3.1. The antioxidant ability of the AE 

The antioxidant capacity of the extract is illustrated 
through its ability to scavenge free radicals and reduce 
redox reactions. The results showed that the AE and 
vitamin C scavenging effects, both at the concentration of 
200 µg/mL, were not statistically different, with about 
90% capturing DPPH radical (Figure 1A). The oxidizing 
radical scavenging capacity of the AE was recorded to be 
less active than that of the positive control, vitamin C. The 
activity of vitamin C reached saturation at a dose of 50 
µg/mL and maintained this state at higher concentrations. 
The free radical scavenging efficiency of the AE observed 
on the ABTS gave similar results to the DPPH. However, 
the antioxidant activity of the extract tested on ABTS 
radical tended to be more effective than that on DPPH. For 
example, at a 100 µg/mL concentration, the ABTS cation 
scavenging capacity peaked while more than 75% of the 
DPPH radical was trapped (Figure 1B). In this assay, the 
effect of the extract reached the peak of 100% 
asymptotically from the concentration of 100 µg/mL to the 
higher concentration, and the saturation state was set up at 
higher coordinates than the positive control. The 
percentages of DPPH and active ABTS radicals were 
recorded to decline in an AE dose-dependent manner. The 
EC50 of the AE was calculated as 48.65 ± 1.86 µg/mL for 
DPPH and 29.27 ± 4.38 µg/mL for ABTS. 

 
Figure 1. The antioxidant capacity of the Artocarpus altilis 
extract expressed through the free radical scavenging 

The PFRAP assay was performed to assess the 
reducing power of AE, indirectly illustrating the 
antioxidant capacity (Cheng and Li, 2004). By reducing 
the Fe3+ solution into a Fe2+ solution with a maximum 
absorbing wavelength of 700nm, a curve for the extract's 
reduction potential was constructed to reflect the electron 
donor capacity (Ponnusamy and Pramadas, 2011). As 
illustrated in Figure 2, the reducing power of the extract 
was clearly shown through the gradual inflating of the 
amount of Fe2+ with the increasing AE concentration. 
However, the reducing power of the AE was observed to 
be much less effective than that of positive control. 

 
Figure. 2. The antioxidant capacity of the Artocarpus altilis 
extract expressed through reducing power 

3.2. AE inhibited gram-positive microorganisms. 

The different diameters of inhibitory zones on tested 
bacteria are shown in Table 1. The effect was only 
observed on gram-positive bacteria, with an approximate 
range of inhibition diameter (mm) of 5–8 for S. aureus 
ATCC 25923, 5.7–9 for S. aureus ATCC 6538, 8–10.5 for 
R. equi ATCC 6939; and 5.5–7.6 for L. monocytogenes 
ATCC 13932. One-way ANOVA analysis and the post-
hoc Tukey's range analysis were performed and indicated 
that the AE showed the most potent effect on R. 
equi ATCC 6939, P-value = 0.0003. 

In Figure 3, the increasing zone diameter of inhibition 
with increasing concentration alluded to the dose-
dependent manner of the effect. This study used disk 
diffusion assay as a primary screening method for bacterial 
susceptibility, followed by the broth dilution method as a 
secondary screening assay. The affected bacterial strains 
were further analyzed for MIC and MBC values. The MIC 
and MBC values are detailed in Table 2. The MIC of the 
AE ranged from 0.1 mg/mL to 0.39 mg/mL, while the 
MBC was from 0.2 mg/mL to 0.78 mg/mL. 
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Table 1: Antimicrobial ability of the Artocarpus altilis extract 
expressed as inhibition zones 

Organism 
Extract concentration (mg/ml) – Inhibition 
zone (mm) 

0 12.5 50 200 

S.aureus ATCC 
25923 - 5.01 ± 0.16 5.76 ± 0.04 7.96 ±0.49 

S.aureus ATCC 
6538 - 5.70 ± 0.37 6.70 ± 0.19 8.95 ± 0.13 

R.equi ATCC 
6939 - 8.04 ± 0.10 9.04 ± 0.04 10.46 ± 0.20 

L.monocytogenes 
ATCC 13932 - 5.59 ± 0.25 6.79 ± 0.12 7.56 ± 0.21 

E.coli ATCC 
8739 - - - - 

E.coli ATCC 
25922 - - - - 

P.mirabilis ATCC 
25933 - - - - 

S.enterica ATCC 
14028 - - - - 

 
Figure. 3. The zone diameter of inhibition on various pathogenic 
bacteria of the Artocarpus altilis extract 

Table 2. The MIC and MBC of the Artocarpus altilis extract and 
ampicillin 

Organism 
The AE extract 
(mg/mL) 

Ampicillin 
(µg/ml) 

MIC  MBC MIC MBC 

S.aureus ATCC 6538 0.39 0.78 3.13 3.13 

S.aureus ATCC 25923 0.39 0.39 6.25 12.50 

R.equi  ATCC 6939 0.10 0.20 3.13 6.25 

L.monocytogenes ATCC 
13932 

0.10 0.20 3.13 6.25 

3.3. The toxicity of AE on brine shrimp 

The extract toxicity was investigated by adding the 
extract in different concentrations to the biomass of A. 
nauplii and then determining the percentage of mortality 
(Figure 4). The results showed that dead larvae increased 
dose-dependent and peaked at 400 µg/mL extract 
concentration. The EA exhibited a decisive lethality with 
an LD50 value on A. altilis of 87.68 ± 4.67 µg/mL. 

 

Figure. 4. The lethality effect of the Artocarpus altilis extract on 
brine shrimp A. nauplii after 24 hours of exposure 

4. Discussion 

The phytochemical content of AE was previously 
published at the total phenolic and flavonoid content level 
at 13.57 ± 1.88 mg GAE/100 g.d.w. (mg/100 g gallic acid 
equivalent in dried weight) and 29.64 ± 7.93 mg QE/100 
g.d.w. (mg/100 g quercetin equivalent in dried weight), 
respectively (Chi, 2022b). The highest flavonoid content 
was reported to belong to the seed extract of A. altilis 
(400.86 ± 40.33 mg/100g catechin equivalent), followed 
by the leaf extract (334.13 ± 11.38 mg/100g catechin 
equivalent)  (Yoanes Maria Vianney et al., 2020). Many 
scientific reports illustrate that antioxidant capacity mainly 
comes from the phenolic derived from plants, especially 
fruits and vegetables, instead of ascorbic acid, as popular 
belief holds (Wang et al., 1996). The antioxidant 
properties of the phenolics are formed by electron H-atom 
transfer, which is present in the structure (Tungmunnithum 
et al., 2018). The radical-induced neutralization of 
hydroxyls helps balance the redox in the cell (Lobo et al., 
2010). The concept of free radicals, proposed by Denham 
Harman, was first mentioned in the Journal of 
Gerontology in 1956, suggesting that endogenous free 
radicals were derived from cellular activity or specifically 
as by-products of enzyme redox reactions (Harman, 1956). 
Thus far, many studies have shown the negative impact of 
free radicals on cellular components, namely DNA, 
proteins, and lipids, leading to the development of chronic 
human diseases, namely degenerative neurological 
diseases, heart-related diseases, and cancer (Sharifi-Rad et 
al., 2020). Maintaining redox balance helps cells avoid 
unwanted damage caused by free radicals, which are 
caused by reducing elements known as antioxidant agents 
(Lobo et al., 2010). The antioxidant capacity was 
indirectly depicted through the in vitro reduction of free 
radicals such as DPPH or ABTS of the AE. The 
antioxidant effect of the AE in this study was more 
effective than the previous research, showing the EC50 
values of A. altilis leaf extract in DPPH assays were 
140.54 µg/ml and 66.60 µg/ml (with 10% tamarind leaf 
co-combination) (Devi et al., 2019). In addition, the 
antioxidants of the other parts of A. altilis were also 
investigated, such as the fruit pulp extract, with an EC50 
of 55 ± 5.89 µg/mL (Jalal et al., 2015). The AE showed an 
approximate antioxidant effect for the relative species, 
including jackfruit (Artocarpus heterophyllus) 
(Devanandan et al., 2016). The experiments with vitamin 
C specified the EC50 at 16.26 ± 1.54 µg/ml and 16.28 ± 
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1.39 µg/ml for DPPH and ABTS, which followed a similar 
curve to the previous report (Ly et al., 2019). The 
asymptote in free radical scavenging action between AE 
and Vitamin C shows the potential to exploit AE as a 
source of antioxidant materials. The donation of free 
electrons is also recorded through the reducing property of 
the extract; the higher the electron donation is, the greater 
is the observed reducing property (Zhong and Shahidi, 
2015). The results reflect the high reducing power of AE 
when the extract concentration is high and vice versa. 
However, AE's reducing power was recorded as unrelated 
to radical scavenging, where there was an enormous 
difference between the reduction of AE and vitamin C. 

In another aspect, the ability of AE to inhibit bacterial 
growth was observed by inhibition rings where the AE 
extract diffused. No inhibitory zones were observed in the 
Gram-negative bacterial experiments, indicating that the 
AE effect on these tested Gram-negative was negligible. 
The presence of the outer membrane and the distinction of 
gram-negative from gram-positive bacteria hinder the 
hydrophilic agents' access and permeation (Breijyeh et al., 
2020). Therefore, the drug resistance in gram-negative 
bacteria is more conspicuous than in gram-positive 
(Breijyeh et al., 2020). The bias in the impact on the 
Gram-positive and the Gram-negative was reflected in 
previous reports (Shadid, 2018; Alhumaid et al., 2021). 

The response to ampicillin of the tested bacteria was 
also investigated, and the MIC and MBC values were 
recorded. The anti-bacterial activity of an extract is 
determined by the growth-retarding and lethality of the 
extract against bacteria (Wallace, 2004). By comparing the 
MIC index of ampicillin with previous studies, it was 
shown that the microorganisms had average growth during 
the experiment (Ly et al., 2019). The antibacterial potential 
of A. altilis was previously reported by using agar 
diffusion experiments on fungi candida albicans; gram-
positive bacteria streptococcus mutans, propionibacterium 
acnes, staphylococcus epidermidis, and staphylococcus 
aureus; and gram-negative bacteria pseudomonas 
aeruginosa, escherichia coli (Riasari et al., 2017b). The 
biological statuses of the leaves of A. altilis, such as green 
leaves, yellow leaves, and fallen leaves, also influenced 
antimicrobial activity; fermented green leaves were more 
effective than the others (Riasari et al., 2017b). In fact, 
according to folk remedies, the fallen leaves of A. altilis 
are usually steeped in hot water to drink, cooling the liver. 

In contrast, the green leaves are exploited to cure 
inflammatory diseases. The ability to decrease the growth 
of Gram-positive bacteria at low doses suggests the 
possibility of exploiting AE in treating bacterial diseases. 
Furthermore, the safety of A. altilis leaf extract has been 
reported previously, promising a potential material for 
extensive antimicrobial research. The investigation of the 
bio-effects of AE extract was tested simply by 
experimenting with a brine shrimp viability assay (Sarah et 
al., 2017). Because the shrimp can live for up to 48 hours 
without being fed, the experimental time of 24 hours was 
appropriate and ensured the vitality of the larvae (Carballo 
et al., 2002). The LC50 of this assay worked as a 
preliminary evaluation of the bioactive components as well 
as the general toxicity indicator of an extract (Wakawa, 
2017). The LD50 value of less than 250 µg/mL for crude 
extract and less than 40 µg/mL for pure compound was 
considered significantly active (Rieser et al., 1996). 

Moreover, the safety of the A. altilis aqueous and 80% 
of the leaf and stem methanol extracts were also 
investigated on the Wistar rat model, which did not show 
any negative influences on the experimental host (Sairam 
and Urooj, 2014). The effect on brine shrimp reinforces 
the strong biological potential of AE extract, which is 
recognized as a worthy object for further in-depth studies 
for academic purposes and application. 

5. Conclusion 

The investigation into the biological activities of AE 
extract depicted the potent free radical scavenging 
capability compared to vitamin C but has a weak reducing 
power in a dose-dependent manner. Besides, a potent 
activity against Gram-positive bacteria was also recorded, 
notably against R. equi and L. monocytogenes with MIC 
values of about 100 µg/mL. The extract did not affect 
Gram-negative evaluated strains. Moreover, the ability to 
kill 50% of brine shrimp at concentrations below 100 
µg/mL also confirmed the bio-effects of AE extract. 
Therefore, it is necessary to consider the leaves of A. 
altilis as a potential source of research that can be well 
exploited for medical applications. 
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Abstract 

Cold stress is considered one of the main factors that influence strawberry production in an open field. This study aimed to 
estimate the effects of three different concentrations of chitosan (COS) solution used by foliar spraying on the vegetative 
growth and yield parameters of three strawberry varieties. Moreover, the impact of foliar spraying of COS solutions on the 
induction of biochemical changes linked to cold stress was assessed. In this study, three different concentrations of COS 
solution (250, 500, and 1000 ppm) were applied to three strawberry varieties that genetically different by foliar spraying, 
compared with the untreated control (0 ppm COS). The results showed that the COS solution led to significant and non-
significant increases in the vegetative and fruit growth parameters, depending on the concentration of COS and strawberry 
variety. On the other hand, it was shown that foliar application of strawberry varieties with COS solution under chilling 
stress causes changes in gene expression in strawberry varieties, either up-regulated or down-regulated. Furthermore, novel 
proteins related to cold tolerance, including pathogen-related proteins (PRPs), were identified in three strawberry varieties. 
For instance, new polypeptides of MWs (53 and 44 kDa) and (53; 44; and 8 kDa) were scored in Fortuna variety that was 
sprayed with 250 and 500 ppm COS respectively, compared with the corresponding control. In addition, one subunit of 29 
kDa was detected in Florid and Festival varieties treated with 500 and 1000 ppm COS solutions. Consequently, these 
proteins could be used as biomarkers related to cold tolerance. Therefore, foliar spraying of COS can be used in strawberry 
breeding programs to protect them from cold stress. 

Keywords: Abiotic stress, Fragaria x ananassa Duch, fruit yield, gene expression, vegetative growth.  
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1. Introduction 

Strawberry (Fragaria × ananassa Duch.) belongs to the 
Rosaceae family; it is an herbaceous plant. The strawberry 
plant is considered to be an economically significant crop 
yield in Egypt and worldwide (Tan et al., 2003). It is 
considered to be one of the richest resources of bioactive 
chemical substances, e.g. vitamins, anthocyanins, 
flavonoids, carotenoids, and phenolics, all of which have 
marked antioxidant properties. In addition, phenolic 
substances like flavonoids, carotenoids, and anthocyanins 
found in strawberry plants have important anticancer 
activities (Zhang et al., 2008; Hossain et al., 2016; 
Rahman et al., 2018). Recently, the production of 
strawberries in Egypt has been impacted by climate 
change. Temperature is considered a crucial environmental 
factor affecting strawberry plant growth under short-day 
conditions. In temperate regions, strawberry plant freezing 
injury is a main factor in decreasing the quantity and 
quality of crop yield (Roussos et al., 2020; Li et al., 2021; 
Han et al., 2023).  

One of several natural substances that have 
demonstrated effectiveness against diseases in strawberries 
and different crops is chitosan (COS), a biopolymer 
chemically produced from crustaceans and soluble in 

organic acids (Malerba and Cerana, 2018). COS is 
considered ecologically sound for agricultural applications 
due to its easy environmental degradation and non-toxicity 
to people. Plant defense was elicited by COS and its 
derivatives, so it was applied as a natural compound to 
manage diseases before and after harvest (El Ghaouth et 
al., 1991). Numerous studies have found that strawberry 
fruit treated with chitosan improves storage stability and 
increased anthocyanin content (Malerba and Cerana, 2018; 
El Ghaouth et al., 1991). COS was commonly used as a 
coating agent for various fruits, to protect against post-
harvest losses due to microbial diseases (Sakif et al., 
2016). The use of chitosan as a foliar spray has been 
reported previously by many investigators to increase 
vegetative growth, yield, and biochemical contents in 
plants (El-Miniawy et al., 2013; Mukta et al., 2017). 
Transcriptomic analysis revealed that COS stimulates the 
expression of genes in a variety of physiological processes, 
involving photosynthesis, the plant immune system, 
systemic acquired resistance, and hormone metabolism. 
Additionally, it affected the expression of the heat-shock 
protein (HSP) and the re-programming of protein 
metabolism with an increase in storage proteins (Landi et 
al., 2017). However, there is little information available 
regarding the use of chitosan in plant growth, crop 
productivity, and quality. Therefore, the current 

https://doi.org/10.54319/jjbs/170408
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investigation aims to estimate the effects of three different 
doses of COS solution by foliar spraying on the vegetative 
growth and fruit yield parameters of three strawberry 
varieties. Besides, the impact of foliar spraying of COS on 
the induction of biochemical changes with reference to 
cold stress.  

2. Materials and Methods 

2.1. Plant materials 

The current study was conducted out in the South of 
Tahrir, Beheira Governorate, during the 2022/23 season 
(latitude: 30° 31' 48.3312", and longitude 30° 31' 48.3312" 
and altitude N 30° 31.8055'). Planting strawberry runners 
of three varieties (Fortuna, Festival, and Florida) were 
done in four lines, 30 cm apart, on terraces 120 cm wide, 
and the distance between plants was 30 cm. The 
experimental unit contained 40 plants. Thirty-day-old 
strawberry plug plants were transplanted in the field during 
the winter season. The chitosan treatment was applied in 
cold conditions, with temperatures ranging from 18-22/5-
13°C daylight/night from mid-December, 2022 until the 
end of January 2023 and 50–60% humidity. All 
agricultural practices, including irrigation, fertilization, 
and pesticides, were performed as recommended by the 
Ministry of Agriculture, Egypt. 

2.2. Chemical analysis of soil (pre-experiment)  

Chemical analysis was done at Land Resources 
Evaluation and Mapping, National Research Centre, 
Dokki, Giza, Egypt. The results showed that the soil was 
suitable for growing strawberry plants (Table 1). 

 
2.3. Chilling treatments 

Practical-grade chitosan (COS) biopolymer (poly-ß-
1,4-D-glucosamine) available in powder form was 

purchased from Bioworld company, Egypt. It was 
commercially prepared by the alkaline deacetylation of 
chitin obtained from shrimp shells (Pandalus borealis). 
The degree of de-acetylation was ≥ 75-85%, and viscosity 
was 200-800 cP. Three different concentrations, 250, 500, 
and 1000 ppm of COS solution were prepared by 
measuring the required amount of product, and diluting 
with distilled water and pH adjusted to 6.5 by adding drops 
of 0.1 M NaOH, or 0.1 M HCL (Benhamou et al., 1998). 
Freshly prepared COS solutions were sprayed on 
strawberry plants in each experimental unit before the 
flowering stage by spraying up to run off level for five 
successive times with an interval of 10 days between each. 
Control plants were sprayed with an equal volume of 
sterile water amended with an equal volume of 0.1 N HCl 
and NaOH to adjust pH at 6.5 (without chitosan). 

2.4. Data collection  

To determine the impact of spraying with COS on the 
plant's growth of three strawberry varieties, observations 
were recorded on randomly selected ten guarded plants for 
the number of leaves per plant, plant height (cm), root 
length (cm), leaf area (cmP

2
P), shoot fresh and dry shoot 

weights (g), and root fresh and dry weights (g). Fruit yield 
characteristics were also estimated by repeated collection 
at intervals 1P

st
P, 2P

nd
P, and 3P

rd
P harvests according to the 

flowering growth cycles of strawberry plants during the 
growing season according to the prevailing temperatures 
for number of fruits/plant, and weight of fruits/plant 
(g/plant). 

2.5. Sodium dodecyl sulfate–polyacrylamide gel 
electrophoresis (SDS-PAGE) 

2.5.1. Extraction of total protein  

Protein was extracted and purified from ground 
samples using sodium dodecyl sulfate (SDS) extraction 
followed by trichloroacetic acid (TCA)-acetone 
precipitation, according to (Zheng et al., 2007). 

2.6. Electrophoresis on PAGE 

SDS-PAGE was performed according to Laemmli, 
(1970) as modified by Studier, (1973) by using 12.5% 
SDS gel for total protein profiling. After that, the 
electrophoresis gel was stained with Coomassie Brilliant 
Blue dye G-250 and then was destained to visualize the 
protein bands. 

2.7. Statistical analysis 

The field experiment was laid out in a randomized 
complete block design (RCBD) with three replicates. 
Observations were recorded on randomly selected 10 
guarded plants from each plot. The obtained data was 
statistically analysed using a two-way ANOVA (Snedecor 
and Cochran, 1980) to compare the treatments and 
varieties for all traits. Tukey’s test was applied to compare 
significant differences between treatment means at p<0.05. 
The analysis was performed using ‘GraphPad- prism’ 
software (version 9.3.1, www.graphpad.com). 

2.8. Cluster analysis 
A matrix for SDS-PAGE was generated by scoring 

reproducible bands as 1 for their presence and as 0 for 
their absence across treated and untreated strawberry 
varieties. Genetic similarity coefficients were computed 
according to (Nei and Li, 1979). A dendrogram based on 

Table 1.  Determination of soil chemical properties of strawberry. 
Parameters Experimental soil 
pH 7.79* 
EC dSmP

-1 0.67** 
EC ppm 428.8 
Soluble cations and anions meq/L 
CaP

++ 2.0 
MgP

++ 1.2 
KP

+ 0.3 
Na P

+ 2.8 
COR3RP

= - 
HCOR3RP

- 1.1 
ClP

- 3.7 
SOR4RP

= 1.5 
Macro- and micro-elements ppm 
N 175.6 
P 8.04 
K 202.8 
Fe 18.5 
Mn 13.2 
Zn 2.2 
Cu 2.5 
EC is electrical conductivity. * Determined in 1:2.5 soil 
suspension, ** measured in 1:5 soil extraction.  
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Jaccard similarity coefficients was constructed by using 
the unweighted pair group method of arithmetic averages 
(UPGMA) (Sneath and Sokal, 1973), employing 
sequential, agglomerative hierarchic, and non-overlapping 
clustering (SAHN). All the computations were carried out 
using the PAST software (Ryan et al., 1995). Correlation 
coefficients were calculated using similarity coefficients 
obtained from SDS-PAGE analysis. 

3. Results 

3.1. Effect of COS on vegetative growth parameters of 
strawberry varieties 

The ANOVA analysis showed positive effects on 
vegetative growth parameters (number of leaves per plant, 
plant height, root length, shoot fresh and dry weight, and 
root fresh and dry weight) between treatments for each 
strawberry variety separately and the corresponding 
control (Figs. 1, 2, 3, and 4). It was observed that 
strawberry var. Festival treated with 500 ppm COS led to 
an increase in the number of leaves/plant, shoot fresh and 
dry weight, and root fresh and dry weight compared with 
the control. However, the plants sprayed with 1000 ppm 
COS solution caused a non-
statistically significant increase in the plant height and leaf 
area (Figures 1, 2, 3, and 4). For the Fortuna variety, the 
application of 250 ppm COS led to an increase in root 
length, while the dose of 500 ppm COS induced positive 
changes in the number of leaves/plant and root fresh and 

dry weights. Moreover, the plants treated with 1000 ppm 
COS led to a significant increase in leaf area at p<0.05, 
compared with the untreated control.  However, the dose 
of 1000 ppm COS caused a non-significant variation in the 
plant height (Figures 1, 2, 3, and 4). Finally, it was 
observed that the foliar spraying of 500 ppm COS solution 
on strawberry plants var. Florida caused an increase in the 
plant height, the root length, the number of leaves, and 
shoot fresh and dry weight, while the dose of 1000 ppm 
COS solution had positive effects on root fresh and dry 
weight (Figures 1, 2, 3, and 4). On the other hand, there 
were significant differences among three strawberry 
varieties sprayed with COS and the controls. For example, 
significant variations were recorded between strawberry 
var. Fortuna (500 ppm COS) and Florida (500 ppm COS). 
Also, Florida (500 ppm COS) and Fortuna (1000 ppm 
COS). Two strawberry varieties, Fortuna and Florida 
treated with 500 ppm COS had highly significant 
differences in the number of leaves, compared with 
Fortuna (250 ppm COS) and Festival (500 ppm COS), 
respectively (Figure 3). It is clear that 1000 ppm COS of 
var. Florida caused a substantial impact in the number of 
leaves, compared with var. Festival (250 and 1000 ppm 
COS) at p<0.05.  In contrast, strawberry var. Florida (250 
and 500 ppm COS) resulted in a significant increase in the 
number of leaves compared with Festival (1000 ppm 
COS). The latter significantly increased the number of 
leaves, compared with the Fortuna variety (1000 ppm 
COS) (Figure 3).   

  

Figure 1. Showing variability in vegetative growth parameters of three different strawberry (a: Fortuna, b: Festival, and c: Florida) varieties, 
treated with three different concentrations of COS solution under cold-stress conditions, compared with untreated control. After 60 days of 
treatment with COS. Error bars represent cm. 
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Figure 2. Showing variability in leaf area of three different strawberry varieties, treated with three different concentrations of COS solution 
under cold-stress conditions, compared with un-treated control. After 60 days of treatment with COS. Error bars represent cm. 

 
Figure 3. Bar plots show morphological characterization (plant height, root length, No. of leaves/plant, and leaf area) of three different 
strawberry varieties, treated with three different concentrations of COS solution under cold-stress conditions, compared with un-treated 
control. The asterisk means significant differences among treatments and genotypes according to range, p<0.05, and ns: non-significant.



 © 2024  Jordan Journal of Biological Sciences. All rights reserved - Volume 17, Number 4 649 

 

 
Figure 4. Bar plots show morphological characterization (shoot and root fresh weight and shoot and root dry weight) of three different 
strawberry varieties, treated with three different concentrations of COS solution under cold-stress conditions, compared with un-treated 
control. ns: non-significant. 

3.2. Effect of COS on reproductive growth parameters of 
strawberry varieties 

3.2.1. Number of fruits in the 1st, 2nd, and 3rd harvests  

The strawberry var. Festival treated with 500 ppm COS 
solution had a highly significant increase in the number of 
fruits in the 1st harvest, compared with the control. 
Furthermore, the foliar spraying of 500 ppm COS caused 
positive effects on the number of fruits in the 2nd and 3rd 
harvests. For the Fortuna variety, it was shown that a dose 
of 250 ppm COS solution improved the number of fruits in 
three harvest times. However, the foliar application of 500 
ppm COS of strawberry var. Florida grown in the field 
caused a significant increase in 1st harvest yield under cold 
stress conditions, compared with the control at p<0.05 
(Figure 5). Also, plants treated with 500 and 1000 ppm 
COS improved the number of fruits in (the 1st and 2nd) and 
the 3rd harvests, respectively, compared with un-treated 

plants. On the other side, there were significant variations 
in the number of fruits in three harvests, between 
treatments and control of three different strawberry 
varieties. In the 1st harvest, control var. Florida positively 
and significantly influenced the number of fruits, 
compared with the control vars. Fortuna and Festival. 
Besides, the strawberry plants of Florida treated with 
different concentrations of COS solution (500 and 1000 
ppm) induced significant effects compared with the control 
vars. Fortuna and Festival. Also, Festival (500 and 1000 
ppm COS) led to significant changes in fruit yield, 
compared with Florida and Fortuna controls, respectively 
(Figure 5). For the 2nd harvest, results of the study showed 
that var. Festival sprayed with 500 ppm COS caused a 
highly significant increase in the fruit numbers, compared 
with the control plants. Besides, var. Fortuna (500 ppm 
COS) showed statistically significant differences in fruits 
number, compared with the control. It was observed that 
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var. Fortuna (250 and 500 ppm COS) led to highly 
significant changes in the number of fruits, compared with 
Festival var. treated with 250 ppm COS.  There were 
substantial variations between 500 ppm COS of the Florida 
variety and control var. Fortuna as well as Fortuna (250 
and 500 ppm COS) and Festival (1000 ppm COS) (Figure 

5). In the 3rd harvest, it was clear that both Fortuna and 
Florida controls recorded highly significant differences in 
the number of strawberry fruits, compared with Festival 
control. On the contrary, there were no significant 
variations between each strawberry variety separately and 
controls (Figure 5). 

 

Figure 5. Charts show fruit yield (number and weight of fruits in 1st, 2nd, and 3rd harvests) of three different strawberry varieties, treated with 
three different concentrations of COS solution under cold-stress conditions, compared with untreated control. The asterisk means significant 
differences among treatments and genotypes according to range, p<0.05.

3.2.2. Weight of fruits in 1st, 2nd, and 3rd harvests  

Regarding the results of the weight of fruits of three 
strawberry varieties in three harvests, it was found that 
foliar application of 500 ppm COS led to an increase in the 
fresh biomass in var. Festival through three harvests, 
compared with the untreated control. Moreover, the foliar 
spraying of 1000 ppm COS of strawberry var. Fortuna 
cultivated in the field induced a significant (p<0.05) 
increase in the weight of fruits under cold stress conditions 
in the 1st harvest and a non-significant increase in the 2nd, 

and 3rd harvests, compared with un-treated plants. 
Furthermore, strawberry var. Florida sprayed with 250 and 
500 ppm COS solutions had positive effects on fruit yield 
in (the 2nd and 3rd) and the 1st harvests, respectively 
(Figure 5). On the other hand, it was clear that strawberry 
var. Florida treated with three different concentrations of 
COS solution (250, 500, and 1000 ppm) caused a 
significant increase in weight of fruits, compared with the 
control Festival (Figure 5). Moreover, Fortuna var. sprayed 
with 1000 ppm COS recorded a remarkable increment in 
fruit yield in the 1st harvest, compared with Festival 
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(control and 500 ppm COS). It was shown that 250 and 
1000 ppm COS solution significantly increased fruits 
weigh in strawberry var. Florida, compared with 500 and 
1000 ppm COS of var. Festival, respectively at p<0.05. 
Moreover, strawberry var. Florida treated with 500 ppm 
COS solution had a positive effect on the weight of the 
fruit, compared with 1000 ppm Festival variety. For 2nd 
harvest, it was found that vars. Florida (250 and 500 ppm 
COS) and Fortuna (500 ppm COS) stimulate a significant 
increase in yield, compared with the control Festival 
(Figure 5). According to the 3rd harvest, it was observed 
that 1000 ppm COS of var. Fortuna scored a statistically 
significant increase in fruit weight compared with 1000 
ppm COS of Florida (Figure 5). 

3.3. Gene expression of strawberry plants treated with 
COS by SDS-PAGE 

SDS-PAGE revealed the differences in protein banding 
patterns of three varieties of strawberry (Florida, Festival, 
and Fortuna), treated with the three different 
concentrations of COS (250, 500, 1000 ppm, and un-
treated control) (Figure 6). The electrophoregrams were 

estimated depending on the number of subunits and 
molecular weights of polypeptides (MWs) (kDa). A total 
of 26 polypeptides were recorded, ranging from 8 to 120 
kDa; 18 bands out of 26 were monomorphic (69.23%). 
However, eight were polymorphic (30.77% 
polymorphism). The application of foliar spraying with 
COS under cold stress led to inducing changes in gene 
expression in strawberry varieties that were either up-
regulated or down-regulated. The highest content of 
proteins was found in Fortuna variety treated with 500 
ppm COS (25 subunits). In contrast, the lowest content of 
proteins was recoded in Florida variety sprayed with 250 
ppm COS (19 polypeptides) (Figure 6). On the other hand, 
new proteins were induced in three strawberry varieties 
treated with COS under cold stress. For example, the 
Fortuna variety sprayed with 250 and 500 ppm COS 
recorded novel polypeptides of MWs (53 and 44 kDa) and 
(53; 44; and 8 kDa), respectively, compared with the 
corresponding control. Interestingly, Florid and Festival 
varieties sprayed with 500 and 1000 ppm COS induced 
only one band of 29 kDa (Figure  6). 

  

 
Figure 6. SDS-PAGE banding patterns of three strawberry varieties (Florida, Festival, and Fortuna) sprayed with three different 
concentrations of chitosan (COS) compared with the control. Lane M: Protein ladder. 

3.4. Cluster analysis 

The genetic similarity values among three strawberry 
varieties (Florida, Festival, and Fortuna) COS-treated 
ranged from 0.73 to 0.96 (Figure 7). The highest genetic 
similarity was 0.96, found between (Fortuna; 250 ppm) 
and (Fortuna; 500 ppm), while the lowest genetic 
similarity was 0.73, recorded between (Fortuna; 500 ppm) 
and (Festival; 1000 ppm) (Figure 7). A dendrogram 
showed two different clusters. The first cluster (I): 

composed of two groups. The first group (a) has COS-
treated and untreated plants of Florida variety. However, 
the second group (b) included treated and untreated plants 
of Festival variety. Finally, the second cluster (II): 
contained the Fortuna variety treated with three different 
concentrations of COS and control, which conferred a 
higher genetic distance between the two clusters Fortuna 
and (Florida and Festival) (Figure 8). 

 
 
 
 
 
 

https://www.sciencedirect.com/science/article/pii/S240584402100013X#tbl2
https://www.sciencedirect.com/science/article/pii/S240584402100013X#fig6
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Figure 7. Heatmap was determined using the Jaccard index of three strawberry varieties (Florida, Festival, and Fortuna) sprayed with three 
different concentrations of chitosan (COS), compared with the control (C). 

 

  
Figure 8. Dendrogram of three strawberry varieties (Florida, Festival, and Fortuna) sprayed with three different concentrations of chitosan 
(COS), compared with the control.

4. Discussion 

Chilling is considered a very serious threat as a result 
of its harmful effects on the growth of different crops in 
the field. Also, climate change can impact quantity and 
quality of the vegetable and fruit yields in Egypt and 
worldwide, consequently affecting the accessibility of food 
in the future (Eissa et al., 2013; Hasanuzzaman et al., 
2020). One of these climatic changes' manifestations is 
cold stress, which has a severe impact on the productivity 
of various crops, such as strawberry plants (Roussos et al., 
2020; Li et al., 2021; Han et al., 2023). A low temperature 
can affect biochemical and physiological operations in 
plants, causing different symptoms such as necrosis, 

chlorosis, and wilting (Ruelland and Zachowski, 2010). In 
this study, the ANOVA analysis showed positive effects in 
vegetative growth parameters (number of leaves/plant, leaf 
area, plant height, root length, shoot fresh and dry weight, 
root fresh, and dry weight) and reproductive growth 
(number of fruits and weight of fresh biomass) between 
COS treatments for each strawberry variety separately and 
the healthy control and among the tested strawberry 
varieties. Our findings showed that foliar application of 
COS solution to strawberry plants in an open field 
improved the plant growth, which depends on the 
concentration and variety. Similar results were observed 
by Pongprayoon et al., (2022) who found that COS-treated 
plants induce beneficial responses in plants against abiotic 
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stresses. Thus, COS influence depends on concentration, 
plant species, structure, and the growth stage of the plant.   

In the current investigation, the lowest vegetative and 
fruit growth parameters were recorded in the COS-un-
treated control. However, foliar spraying of 500 ppm COS 
solution on strawberry var. Festival led to improvements in 
vegetative and reproductive growth, while a dose of 1000 
ppm had positive changes in plant height and leaf area. 
Moreover, a remarkable increment in both vegetative 
growth and yield of strawberry var. Fortuna depends on 
COS dose. For example, a dose of 250 ppm COS 
positively influenced root length, and the number of fruits 
in three harvests, whilst a dose of 500 ppm COS solution 
increased the number of leaves/plant and root fresh and 
dry weight, and the number of fruits in the 3rd harvest. 
Nevertheless, 1000 ppm COS induced remarkable changes 
in plant height, leaf area, and weight of fruits in the 1st, 2nd, 
and 3rd harvests. However, strawberry var. Florida treated 
with a dose of 500 ppm COS caused an increase in plant 
height, root length, no. of leaves, shoot fresh and dry 
weight, no. of fruits in the 1st, and 2nd harvests, weight of 
fruit in the 1st harvest, and root fresh, dry weight and the 
number of fruits in the 3rd harvest. These results agree with 
Pichyangkura and Chadchawan, (2015) and Rahman et al., 
(2018) who found that foliar spraying with different doses 
of COS enhanced the growth of strawberry plants 
compared with untreated control. However, a dose of 500 
ppm recorded the highest growth parameters and improved 
resistance to diseases by mechanisms involving induced 
systemic resistance. The positive effect of COS on 
vegetative growth may be attributed to an increase in the 
uptake of water and nutrient elements by altering the 
osmotic pressure of the cell and decreasing the aggregation 
of harmful free radicals through increasing antioxidants, 
e.g. glutamine synthetase, nitrate reductase, and protease. 
It encourages the production of large quantities of 
phenolics, flavonoids, carotenoids, and anthocyanins. 
Besides, COS enhanced the transportation of nitrogen to 
leaves. Consequently, COS increased photosynthesis, 
which enhanced the growth and development of plants. In 
addition, COS has several characterization including being 
less expensive, safe for human health, and environment-
friendly, abundantly available, and biodegradable (Guan et 
al., 2009; Mondal et al., 2012). Wang et al., (2021) 
indicated that COS nanoparticles increase the efficiency of 
Musa sp. plants in the tolerance of chilling by decreasing 
the accumulation of reactive oxygen species (ROS) and the 
induction of non-enzymatic antioxidants, such as phenolic 
compounds, and increasing antioxidant enzyme activities. 
Besides, it causes the accumulation of osmoprotectants, 
such as amino acids, soluble carbohydrates, and proline. 
Therefore, it aids in enhancing the plants’ tolerance to cold 
stress.  

In this context, it was shown that foliar application of 
strawberry plants with COS solution under chilling stress 
stimulates changes in gene expression in strawberry 
varieties, either up-regulated or down-regulated. 
Furthermore, novel proteins belonging to pathogen-related 
proteins (PRPs) were induced in three strawberry varieties 
treated with COS under abiotic stress. For example, new 
polypeptides of MWs (53 and 44 kDa) and (53; 44; and 8 
kDa) were scored in the Fortuna variety sprayed with 250 
and 500 ppm COS, respectively compared with the 
corresponding control. Also, one subunit of 29 kDa was 

detected in Florid and Festival varieties treated with 500 
and 1000 ppm COS solutions. These results agree with 
Lukoševičiūtė, (2014) who observed a significant increase 
in the content of 18 kDa protein in the shoots of two 
strawberry varieties during the freezing stress. Vítámvás 
and Prášil, (2008) found that one of the characteristics of 
acclimatization to cold stress is an increase in the 
concentration of soluble proteins and carbohydrates, which 
significantly reduces the damage that freezing causes to 
plant tissues. Besides, low temperatures cause an increase 
in total soluble proteins involving lipocalins and dehydrins 
that accumulate in plasma membranes when plants are 
exposed to freezing. Ouellet and Charron, (2013) indicated 
that these proteins play an important role in protecting cell 
structures from chilling damage and decreasing oxidative 
stress development. Kuwabara and Imai, (2009) found that 
some PRPs were induced under cold stress conditions, 
such as ß-1,3-glucanases, which were shown to be low 
temperature-induced and were cryoprotective activity 
similar to other extracellular PRPs (Hincha et al., 1997). 
The evidence on the role of PRPs in cold tolerance in 
strawberry plants is little. Gharechahi et al., (2014) 
mentioned that PRPs other than the PR-1 class are linked 
to the chilling stress of plants, and it was supposed that 
they could be included as components of the stress-
regulated signal transduction pathway. Pihakaski-
Maunsbach et al., (2001) suggested that low temperatures 
interact with other environmental cues in plants. 
Interestingly, numerous studies have found a strong 
correlation between chilly signals and defensive reactions. 
There were a variety of PRPs, including -1,3-glucanases, 
endochitinases, and thaumatin-like proteins, that built up 
in winter rye during cold stress. These proteins play the 
main role in freezing tolerance (Griffith and Yaish, 2004). 
How cold stress stimulates their accumulation is still 
understood. The synthesis of PRPs under cold stress 
conditions ensures an appropriate strategy of defense 
against infection with pathogens that multiply during cold 
seasons. All this information shows the existence of a 
variety of signaling interactions between pathogens and 
cold responses. Van Loon et al., (2006) mentioned that 
senescence, injury, or cold stress all cause the induction of 
several defense-related proteins, some of which have 
antifreeze functions. Numerous defense-related proteins 
are found in floral tissues on a constitutive basis, and a 
sizable number of PR-like proteins in pollen, fruits, and 
vegetables. Besides, these proteins play major roles in 
plant life, whether in defense or not.  

Therefore, the exogenous application of COS led to the 
induction of novel polypeptides in all tested strawberry 
varieties. These new proteins were up-regulated compared 
with the corresponding control. 

5. Conclusions 

Chilling injury is considered one of the most important 
environmental stresses that affect the growth and 
productivity of strawberry crops in the world. In this study, 
it was observed that foliar spraying of three strawberry 
varieties with different concentrations of COS solution 
(250, 500, and 1000 ppm) in an open field, resulted in a 
significant increase in leaf area, and number of leaves of 
var. Fortuna. Furthermore, there was a substantial 
increment in the number of fruits in vars. Festival, Fortuna, 
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and Florida, compared with the un-treated control. On the 
other hand, COS had positive effects in vegetative growth 
parameters for the tested strawberry varieties (number of 
leaves/plant, leaf area, plant height, root length, shoot fresh 
and dry weight, root fresh, and dry weight) and 
reproductive growth (weight of fresh biomass) between 
COS treatments for each strawberry variety separately and 
the corresponding control. Therefore, the foliar application 
of COS solution decreases the negative effects of cold 
stress and improves the strawberry plants' tolerance to 
chilling by increasing the content of total soluble proteins. 
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Abstract.  

This study aimed to examine the guild composition of spiders in durian plantations, specifically focusing on the influence of 
O. smaragdina. For data collection, branch sampling was employed to gather O. smaragdina and spiders from Durian (Durio 
zibethinus) trees in the plantations, and the density of both predators was determined by counting the number of individuals. 
The results showed that a total of 3,049 individual belonging to 74 species of spiders were collected from 44 durian trees, 
and the community exhibited eight distinct functional groups, namely Stalkers, Orb Weavers, Foliage Runners, Ambushers, 
Tangled Weavers, Ground Runners, and unknowns. Stalkers also emerged as the dominant group within the durian trees, and 
the average number of O. smaragdina workers in trees did not show a negative correlation with Foliage Runners. However, 
there was a negative effect of the nest presence and the number of workers on the spider community, particularly impacting 
the Foliage Runners and Ambusher groups. This study also suggested that O. smaragdina acted as a competitor and predator 
for certain guilds of spiders in durian plantations, but the influence on the functional groups within mixed cropping systems 
was found to be relatively weak. 
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1. Introduction 

Grouping spiders into guilds or functional groups based 
on similar behaviour in accessing resources is an important 
approach to understanding their roles and interactions 
within plantations (Perkins et al. 2017). Furthermore, the 
structure and distribution patterns in farming systems can 
be influenced by microclimatic conditions, emphasizing 
the importance of studying their guild composition and 
functional groups in different agricultural landscapes 
(Rosas-Ramos et al. 2020). The diversity of species and 
groups is also influenced by the structure of vegetation 
(Lia et al. 2022). It has been reported that various 
biological components exert an influence on spider 
composition within ecosystems. Certain biological 
components, such as insects microorganisms and birds, 
have been found to significantly impact their respective 
habitats(Katayama et al. 2015; Zhang et al. 2018; 
Gunnarsson and Wiklander 2015). 

In terrestrial ecosystems, both ants and spiders have 
been identified as generalist predators (Samiayyan, 2014). 
In the specific context of a plantation area using a mixed 
cropping system, this approach has been found to provide 
benefits for promoting predator biodiversity and the 
availability of prey within the ecosystem (Lia et al. 2022). 
Consequently, these predators play a crucial role in pest 

control within the plantation. It is also important to 
acknowledge that the system can also give rise to 
competition among predators and an increase in pest 
populations due to the diverse range of available food 
sources. For instance, ants and spiders, being potential 
competitors or engaging in intraguild predation, may 
exhibit such dynamics (Potter et al. 2018). The abundance 
of natural enemies does not always exhibit a strong 
correlation with pest populations since simple taxa, 
including spiders and predatory insects, can display 
varying responses (Paredes et al. 2015). In contrast, 
predators can coexist and have similar effects on plant 
ecosystems (Rákóczi and Samu 2014; Stefani et al. 2015), 
or may mutually interfere with the functional response of 
an omnivorous animal (Papanikolaou et al. 2020).  

There have been reports highlighting the interaction 
between ants and other predators within plantations. 
Specifically, ants have been found to exert a 
disadvantageous effect and interfere with the competition 
faced by others, such as spiders (Yip 2014). In terrestrial 
ecosystems, the diversity of spiders (Araneae) indicates 
whether the correlation is positive or negative. This 
observation supports the hypothesis that insects act as 
predators of spiders (Dimitrov and Hormiga 2021). A 
study conducted in the Bornean tropical forest showed that 
ants and spiders exhibited significant spatial distribution 
exclusively in canopy trees (Katayama et al. 2015). 

https://doi.org/10.54319/jjbs/170409
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Another study reports a case in which spiders coexist with 
predators of ants (Stefani et al. 2015). However, studies 
examining the relationship between ants and spiders 
remain limited, particularly regarding the impact of the 
predators on various functional groups. 

The utilization of biological agents, specifically ants, 
has been widely implemented in plantation areas. The 
strategy of biological control encompasses three key 
approaches, namely introduction or transfer, augmentation, 
and conservation of ants (Offenberg 2015). These 
techniques are implemented through various means, such 
as relocating ant nests to different locations, employing 
artificial nests with supplementary food sources, and 
transferring workers from one colony to another tree using 
ropes, among other methods (Offenberg 2015; Abdulla et 
al. 2015). The weaver ants O. smaragdina are most 
plentifully and widely distributed in Southeast Asia and 
northeast Australia (Wetterer 2017). Meanwhile, 
Oecophylla has been recognized as biological control in 
cashew plants (Offenberg 2015; Olotu et al. 2013), mango 
fruits, and citrus (Offenberg et al. 2013). In another case, 
these predators are known to affect pollinators (Gonzálvez 
et al. 2013), parasitoids (Appiah et al. 2014; Tanga et al. 
2016), and other beneficial insects. This is because weaver 
ants are general predators which can provide benefits and 
be harmful to other organisms (Thurman et al. 2019). 

Durian (Durio spp) cultivation and distribution in 
Kalimantan primarily involve a mixed cropping system 
that provides resources for O. smaragdina (green ants) and 
spiders (Rahim 2015, unpublished data). However, these 
areas may also have a higher presence of herbivorous 
insects. To evaluate the hypothesis regarding the predation 

dynamics between insects and spiders, as well as the 
impact of O. smaragdina within the spider guild, studying 
this interaction in the mix cropping system becomes 
interesting. This study assesses species classifications that 
share similarities in resource exploitation or guild 
membership. Additionally, the relationship between O. 
smaragdina and spiders, both acting as predators, is 
investigated. The results provide insights into the 
conservation of predators in mixed tree cropping systems 
and offer guidance on managing local predators in 
plantations. The conservation of O. smaragdina by efforts 
to move one colony to another tree with a rope is an 
attempt to ensure the ant colony can access other types of 
trees. (Offenberg 2015). However, it needs to be combined 
with additional feed (Abdulla et al. 2015) to prevent 
competition between predators. 

2. Materials AND METHODS  

2.1. Study area 

This study was carried out in the plantation area in 
Tarakan Island, North Kalimantan (3°18'15''N, 
117°37'12''E). The study site was chosen in a mixed tree 
plantation, where durian trees dominate over other crops. 
In addition, the site was located near both urban areas and 
horticulture plantations. Durio zibethinus, Citrus spp, and 
Musa spp were the dominant species, occupying more than 
80%. The average temperature and humidity recorded on 
the site were 27.7 ℃ and 84%, respectively, as shown in 
Figure 1. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location of the studied sites in Tarakan Island of North Kalimantan. The point of distribution of sampling in the 
durian plant cultivation area
 

2.2. Field collection of O. smaragdina and spiders 

The collection of O. smaragdina and spiders 
was conducted on 44 durian trees on Tarakan Island. 
The age of durian was 5-6 six years old and it was 
not fruiting periods. In the studied sites, 10 branches 
measuring between 50 and 80 cm in length, with a 
diameter ranging from 5 to 10 cm, were selected. 
The branches were chosen at the bottom, middle and 
top of the canopy as the place for the beating 
method. Furthermore, each branch point is given a 

code so that the next sampling is carried out at the 
same place. In addition, we measured the number of 
nests of O. smaragdina in each durian tree sample 
which used direct observation methods. 

From March to September 2016, we sampled seven 
times with an interval of 30 days between each sampling. 
All the collected samples, including spiders, were 
preserved in specimen tubes filled with 99% ethanol and 
sorted in the laboratory. The identification of spiders was 
conducted in both the field and laboratory. The families, 
genera, and species (morphospecies) were identified using 
manual guides and online resources, e.g. 
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https://www.asianarachnology.com/online-spider-
identification-websites/.  

The spiders have been classified into different 
functional groups based on their scientific classification 
and foraging traits. These functional groups are as follows: 
(1) Ambushers, Foliage runners, Stalkers, and Orb weavers 
belonging to the family Thomisidae (Uetz et al. 1999), 
Clubionidae (Uetz et al. 1999), Salticidae and Oxypidae 
(Uetz et al. 1999), and Araneidae and Tetragnathidae (Lia 
et al. 2022). 

2.3. Data analysis 

For the examination of species composition and 
collection frequency in the sites, the average number of 
spiders collected on each tree branch during sampling was 
calculated. Based on the Kolmogorov-Smirnov test and the 
Shapiro-Wilk test, the data were normally distributed. To 
assess the interactions between ant O. smaragdhina and 
spiders, the R-value (rank Spearman correlation) was 
computed between the dominant spider species and 
functional spider groups. Additionally, differences were 
analyzed using a one-tailed t-test to estimate the effects of 
O. smaragdina on the spider groups. The statistical 

analysis of the data was conducted using SPSS Ver 23 
software.  

3. Results and Discussion 

3.1. Taxonomic and guild composition of spiders 

In this study, a total of 3049 individuals were collected, 
representing 74 species/morphospecies from 12 families. 
The results showed that the dominant families on the 
durian trees were Salticidae (41.1%), Araneidae (22.7%), 
and Thomisidae (11.7%). Additionally, it was observed 
that 10 species were frequently collected and exhibited 
dominance on the durian trees. All samples from the tree 
were occupied by species belonging to the Araneus genus, 
as shown in Table 1 and Fig. 1. Among the collected 
species, 10 stood out as dominant and accounted for over 
50% of the spider population on the durian trees. 
Furthermore, the average number occupying more than 
80% of the trees ranged from 2 to 7 individuals per tree, 
indicating a relatively high density, as shown in Table 1. 

Table 1. Species/Morphospecies dominant of spider collected in Durian tree. The functional group were classified into eight groups: 
Stalkers (S), Orb Weavers (OW), Foliage Runners (FR), Space Web Builders (SWB), Ambusher (A), Tangle Weavers (TW), Ground 
Runners (G) and Unknown (U). 

Family Species/Morphospecies Functional Group 
Number of 

Trees Occupied 
Total 
Individuals 

Percentage 
Individuals (%) 

Araneidae Araneus sp2 OW 44 314 10.3 

Salticidae Neon sp2 S 43 309 10.1 

Salticidae Neon sp1 S 43 281 9.2 

Thomisidae Unknown sp1 A 39 181 5.9 

Salticidae Unknown sp2 S 38 124 4.1 

Liocranidae Liocranidae sp1 U 37 107 3.5 

Araneidae Araneus sp6 OW 29 91 3.0 

Salticidae Leptorechestes sp1 S 35 90 3.0 

Araneidae Araneus sp3 OW 27 83 2.7 

Salticidae Leptorechestes berolinensis S 30 80 2.6 

Thomisidae Xysticus sp1 A 21 69 2.3 

Oxypidae Oxyopes sp3 S 26 66 2.2 

Clubionidae Clubiona sp1 FR 32 65 2.1 

Araneidae Cyrtarachne sp1 OW 21 64 2.1 

Oxypidae Oxyopes sp2 S 27 60 2.0 

Salticidae Myrmachine formacaria S 18 58 1.9 

Araneidae Araneus sp4 OW 29 56 1.8 

Salticidae Neon valentulus S 24 56 1.8 

Dictynidae Dcytina sp1 SWB 16 51 1.7 

Tetragnathidae Tetragnatha dearmata OW 20 47 1.5 

Salticidae Chalcoscirtus sp1 S 23 45 1.5 

Clubionidae Clubiona sp4 FR 25 42 1.4 

Salticidae Chalcoscirtus sp2 S 24 41 1.3 

Salticidae Salticidae sp1 S 21 41 1.3 

Salticidae Synageles sp1 S 17 36 1.2 

Pscheridae Psechrus sp1 U 17 34 1.1 

Linyphidae Floronia sp1 TW 17 33 1.1 
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Salticidae Unknown sp3 S 19 33 1.1 

Oxypidae Oxypidae sp1 S 22 32 1.0 

Oxypidae Oxypidae sp2 S 19 31 1.0 

Clubionidae Clubiona sp7 FR 19 30 1.0 

Salticidae Neon sp3 S 15 27 0.9 

Oxypidae Oxyopes sp1 S 14 26 0.9 

Araneidae Araneus sp5 OW 12 24 0.8 

Thomisidae Unknown sp2 A 14 24 0.8 

Thomisidae Xysticus sp3 A 13 23 0.8 

Oxypidae Oxyopes sp4 S 13 20 0.7 

Linyphidae Floronia sp2 TW 11 18 0.6 

Linyphidae Drapetisca sp1 TW 7 17 0.6 

Pholcidae Pholcus sp1 SWB 9 17 0.6 

Araneidae Araneus praesignis OW 12 16 0.5 

Clubionidae Clubiona sp2 FR 13 15 0.5 

Salticidae Agorius sp1 S 7 13 0.4 

Salticidae Marpissa sp1 S 9 13 0.4 

Clubionidae Clubiona sp5 FR 8 12 0.4 

Salticidae Plexippus sp1 S 5 12 0.4 

Clubionidae Clubiona sp3 FR 9 10 0.3 

Salticidae Leptorechestes sp2 S 8 10 0.3 

Salticidae Salticus sp1 S 6 9 0.3 

Thomisidae Thomisus sp1 A 5 9 0.3 

Lycosidae Lycosa sp1 GR 4 8 0.3 

Salticidae Euophrys sp1 S 5 7 0.2 

Salticidae Myrmachine melanostrata S 4 7 0.2 

Salticidae Myrmarachne sp1 S 4 7 0.2 

Araneidae Araneus sp1 OW 5 6 0.2 

Araneidae Araneus sp7 OW 4 4 0.1 

Clubionidae Clubiona sp6 FR 3 4 0.1 

Salticidae Salticidae sp1 S 3 4 0.1 

Tetragnathidae Tetragnatha sp1 OW 4 4 0.1 

Thomisidae Thomisus sp2 A 2 4 0.1 

Thomisidae Xysticus sp2 A 4 4 0.1 

Liocranidae Unknown sp3 U 3 3 0.1 

Salticidae Neon sp6 S 3 3 0.1 

Thomisidae Diaea sp1 A 3 3 0.1 

Thomisidae Thomisidae sp3 A 3 3 0.1 

Araneidae Zygiella sp1 OW 2 2 0.1 

Linyphidae Micrargus sp1 TW 1 2 0.1 

Salticidae Unknown sp4 S 2 2 0.1 

Salticidae Neon sp8 S 2 2 0.1 

Araneidae Araniella sp1 OW 1 1 <0.1 

Linyphidae Hypselistes sp1 TW 1 1 <0.1 

Salticidae Unknown sp S 1 1 <0.1 

Salticidae Thianitara sp1 S 1 1 <0.1 

Thomisidae Misumena sp1 A 1 1 <0.0 

Furthermore, the spiders were classified into eight 
functional groups: Stalkers, Orb Weavers, Foliage 
Runners, Space Web Builders, Ambushers, Tangle 

Weavers, Ground Runners, and Unknown. Among these 
groups, four dominant categories were identified, namely 
Stalkers (50.8%), Orb Weavers (23.3%), Ambushers 
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(10.5%), and Foliage Runners (5.8%), as shown in Fig. 2. 
These results align with previous data, which show the 

presence or occurrence of the Stalkers functional group in 
all sampled trees. 
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B 

Figure 2. Percentage of spider group (A) family (B) guild or functional group in the studied site
 

3.2. Relationships among O. smaragdina and functional 
group of spiders 

During this study, all relationship analyses consistently 
indicated a negative correlation between the number of O. 
samaragdina per branch or tree and the average abundance 
of the functional groups of spiders. The number of worker 

ants had no significant negative correlation on the 
functional group of spiders (Ambusher, R2=0.025; 
Stalkers, R2=0.02; Orb weavers, r=0.04, Fig. 3). However, 
the correlation among O. smaragdina was significant on 
Foliage Runner (R2=0.07, P=0.012, Fig. 3). The result 
showed that O. smaragdina had no strong relationship on 
functional groups of spiders.

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. The relationships among the worker densities of O. smaragdina and of spider densities by Functional group in 
durian tree
 

3.3. Effect of Predator O. smaragdina Presence on 
Spiders 

This study further assessed the impact of O. 
smaragdina presence on durian trees on the spiders guild. 
The analysis showed a significant difference in the average 

number of individual spiders observed on durian trees 
(Ambusher, p = 0.03, Fig. 4a; Foliage Runner p = 0.04, 
Fig. 4b; Orb Weavers, p = 0.015, Fig. 4d). However, there 
was no significant result on Foliage Runner (Stalkers, p = 
0.06; Fig. 4c). The data showed that the number of spiders 
in the absence of O. smaragdina workers was lower.
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Figure 4. Box plot the differences between the average number of spiders and trees with and without O. smaragdina 
workers densities on durian trees. The average of the collected number (/branch/tree/collection time) was compared by using 
a t-test. Bar means standard error. Asterisk (*) means a significant difference between trees with and without O. smaragdina 
workers 

This study investigated the impact of the presence or 
absence of O. smaragdina nests on the spider guild. The 
results showed that the average number of nests at the 
sampling locations ranged from 2 to 3 per tree. A 
significant difference in the average number of individual 
spiders was observed on durian trees with O. smaragdina 

nests (Ambusher, p = 0.04, Fig. 5a; Foliage Runner p = 
0.002, Fig. 5b). However, there was no significant result 
on Foliage Runner (Stalkers, p = 0.32; Fig. 5c; Orb 
Weavers, p = 0.13 Fig. 5d). The presence of O. 
smaragdina nests in trees was associated with a lower 
number of individual spider.
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Figure 5. Comparison of average number of four groups of spiders among trees with and without O. smaragdina nests in 
durian trees

4. Discussion 

More than seventy morphospecies were recorded 
within the study region, indicating high species richness in 
the mixed crop ecosystem. The coexistence of various 
plant species within this ecosystem provides ample space 
and food sources for insects, particularly herbivorous 
insects. Meanwhile, Rahim and Ohkawara (2019) 
documented the presence of more than 50 species of 
herbivorous insects thriving in mixed plant ecosystems 
dominated by horticultural crops. The dominant functional 
group of herbivores consists of aphids, mealybugs, and 
leaf beetles. This finding reinforces the notion that the 
species richness of predators is influenced by the richness 
of herbivorous insects. Furthermore, a direct proportional 
relationship is observed between the species richness of 
herbivorous and other predatory insects. 

The species belonging to the families Aranneidae and 
Salticidae are dominant and can live in the canopy of 
plants and parts of tree branches. This result has also been 
described by Lia et al. (2020) where the Araneidae family 
dominates forest vegetation and oil palm plantations, 
specifically in the canopy. The genera Lycosidae and 
Oxyopidae dominated the corn plantation area.  

The spider community within the Durian tree 
plantations is confirmed by examining the composition of 
functional groups or guilds. The Stalkers and Orb Weavers 
are the dominant groups in the plantations. Previous 
studies reported that these two groups were associated with 
canopies in tropical trees. In addition, two species stand 
out as more dominant than others due to their behavior 
(Battirola et al. 2016). The Stalkers consist of two 
families, namely Salticidae and Oxypidae, and there are 
several reasons why Salticidae are currently dominant in 
this study. Firstly, they exhibit behavior that allows access 
to all parts of the tree, including branches, leaves, and 

flowers. Moreover, they are active throughout the middle, 
bottom, and upper canopy of the tree. Another reason is 
that the beating sampling method may be influenced by the 
Salticidae families due to their ability to jump. The Orb 
Weaver species also emerge as dominant due to their 
ability to construct intricate webs on the Durian trees. 
According to Lia et al. (2022), spider families are denser 
and more prevalent in fully-grown vegetation. The Orb 
Weavers in particular are represented by the families 
Araneidae and Tetragnathidae, which have shown 
dominance in certain plantation areas. For example, the 
Araneidae family has been reported as dominant in Cocoa 
plantations (Oyewole and Oyelade, 2014) and Coffee 
agroecosystems (Marin and Perfecto, 2013). These 
findings indicate that the Durian tree provides a conducive 
environment for spider coexistence within the plantations. 

This study examines the relationship between the 
number of workers and spiders in functional groups in 
Durian trees. It confirms that O. smaragdina tends to have 
a negative interaction with spider groups in the ecosystem, 
particularly with Foliage Runners on leaves (Fig 2). This is 
attributed to similarities in resource access, specifically 
leaves. According to Patel and Bhat (2020), weaver ants 
are eusocial insects that form nests in trees, forage for 
food, and protect their colony. However, O. smaragdina 
does not exhibit a negative relationship with Stalkers, Orb 
Weavers, and Ambushers due to their different behaviors 
in accessing resources. For example, jumping spiders that 
mimic weaver ants employ various mimicry strategies to 
coexist with other social insects, including ants 
(Ceccarelli, 2013). The low population density of O. 
smaragdina per branch per tree also contributes to these 
findings. Consequently, the presence of the worker insects 
has a negative relationship with the spiders based on their 
functional groups. 

The activities of O. smaragdina are supported by the 
presence of a nest, and the organization is polydomous. 
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The colonies of O. smaragdina consist of reproductive 
castes, non-reproductive castes, workers, and soldiers 
(Offenberg et al. 2013). In this study, the presence of 
workers and nests significantly influenced two groups of 
spiders. Meanwhile, the average number of Foliage 
Runners and Ambushers is slightly lower on the durian 
tree, indicating competition between these predator groups. 
The presence of O. smaragdina does not impact Stalkers 
and Orb Weavers. Previous studies reported that O. 
smaragdina did not affect spiders and can coexist with 
other predators (Rákóczi and Samu, 2014; Stefani et al. 
2015). They may also exhibit mutual interference 
(Papanikolaou et al. 2020) and avoid predation through 
mimicry (Ceccarelli, 2013). In addition, the ant predator is 
more active and distributed in the canopy, potentially 
accessing a wide range of resources. Then the location 
uses a mixed cropping system which will influence 
predator activity through competition from other possible 
groups of organisms. 

In conclusion, the mix cropping system provides a 
richness of spider species and supports the presence of the 
predatory ant O. smaragdina. Several functional groups of 
spiders exist in the canopy of durian plantation trees, with 
the Salticidae group occupying a larger proportion. The 
relationship between the number of O. smaragdina and the 
spiders in each guild shows a moderate influence, 
suggesting a potential competition. Consequently, further 
study is needed to investigate the potential use of 
biological control agents, particularly focusing on the 
effects of spiders and O. smaragdina on herbivorous 
insects in mixed plantations.  
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Abstract 

Egypt faces challenge in supplementing animal feed requirements, which add huge pressure on the budget and foreign 
currency reserves annually, making it necessary to find alternative solutions. The sprouted barley is considered one of these 
recent alternatives to animal feed. Sprouted barley faces challenges represented in fungal growth, which have strong 
competition for oxygen with the embryo and can inhibit seed germination in addition to producing aflatoxins, biofertilizers 
of plant growth-promoting bacteria (PGPB) are considered a practical and safe solution for these challenges. In this work, 
five tomato rhizobacterial strains were isolated and identified using the 16SrRNA gene and were found to belong to Bacillus 
amyloliquefaciens, Peribacillus frigoritolerans, Pseudomonas flourescens, Bacillus pumilus, and Paenibacillus uliginis, 
respectively. We reported here that most of these five isolates exhibited multiple PGP properties (PGPP), including the 
production of ACC deaminase, Indole-acetic acid (IAA), chelating siderophores and phosphate solubilization. Bacillus 
amyloliquefaciens BMG150 isolate exhibited the highest values for all the PGPP except siderophores production (1457 
nmol, 37.4 µg/ ml, and 3.7 mg/ml, respectively). We also scanned the presence/ absence of the NRP gene clusters in the five 
isolates as an important PGPP using bioinformatics tools and NRPs degenerate primers. All five isolates showed NRPs gene 
clusters presence with the superiority of NRPs number for the strain Bacillus amyloliquefaciens BMG150 (surfactin, 
plipastatin, iturin and bacillibactin siderophore). Accordingly, we used Bacillus amyloliquefaciens BMG150, Pseudomonas 
flourescens PMG01 separately and a formula of the other three isolated strains as biofertilizers in sprouted barley cultivation 
which proved their efficiency in promoting their growth characteristics and reflected on protein pattern. 

Keywords: Biofertilizers, Livestock feeding, NRPs, PGPB, Rhizosphere bacteria, Sprouted barley. 
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1. Introduction 

The use of PGPB as biofertilizers is widely applied to 
improve the safety, quality and production of crops 
(Hussein et al., 2016). The rhizosphere is considered the 
wealthy source of a variety group of beneficial plant 
microorganisms. It has the prospective to improve plant 
growth, health and soil fertility which can be determined 
through the beneficial interactive relationship between 
roots and microbes (Parray et al., 2016; Kalam et al., 
2017a). These beneficial interactive relationships possess 
several characteristics which can be determined and 
referred to plant growth-promoting bacteria (Dutta and 
Podile, 2010; Asriatno et al., 2023). Almost all important 
and abundant biofertilizers are Bacilli and Pseudomonas 
groups which are easily cultivable PGP, colonize 
rhizosphere intensely (Orozco-Mosqueda et al., 2020) and 
possess PGP properties (Zhou et al., 2016; Sansinenea, 
2019). Among these PGP properties of Bacilli, their role in 
increasing minerals availability, chelating iron through 
siderophores production, fixing nitrogen and producing the 
phytohormones. Moreover, the ACC deaminase role in 

ethylene catabolism, detoxification and pathogens 
virulence factors degradation are considered among this 
PGP properties (Ahmad et al., 2008; Barea et al., 2015; 
Asriatno et al., 2023). Besides these latter PGP properties 
for the Bacilli group, there is the production of a group of 
highly diverse and effective secondary metabolites called 
non-ribosomal peptides synthesized by huge modular 
enzymes called non-ribosomal peptide synthetases (NRPs) 
(Süssmuth and Mainz, 2017). The high diversity of non-
ribosomal peptides is due to their machine’s ability to 
incorporate several non-proteogenic amino acids with 
different modifications compared to ribosomal machine 
(Walsh et al., 2013). Among these Bacilli NRPS are the 
lipopeptide families; surfactin, fengycin or plipastatin, 
iturins and kurstakins known as biosurfactants and have 
antifungal, antibacterial and antiviral activities. They are 
used in biocontrol of plant diseases which showed 
antagonistic activities against various phytopathogens 
(Ongena and Jacques, 2008). Pseudomonas group also is 
considered one of the most important producers of a wide 
spectrum of NRPs natural products. Among Pseudomonas 
NRPs, the cyclic lipopeptides (CLPs) which are classified 
into amphisin, syringomycin, viscosin, syringopeptin, or 

https://doi.org/10.54319/jjbs/170410
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tolaasin group (Gross and Loper, 2009). In addition, other 
CLPs have been identified, namely putisolvin, orfamide 
(Kuiper et al., 2004; Gross et al., 2007; Vallet-Gely et al., 
2010), and entolysin. Also, few linear lipopeptides have 
been characterized, namely syringafactin and peptin 31 
(Berti et al., 2007; Fiore et al., 2008; Chaida et al., 2022). 

Egypt faces difficulties in supplementing animal feed 
requirements; it produces only 20 % of its feed corn and 
soybean while importing 50 % of feed corn and 90 % of 
soybean as an annual requirement, which places huge 
pressure on budget and foreign currency reserves. Cattle 
feed consists of about 50 % corn feed and 30 % soybeans, 
while poultry feed requires larger ratios of these 
ingredients than cattle feed. There are local alternatives 
that can go into the feed mixes for livestock, such as 
sprouted grains that have multiple benefits represented in 
increasing both the quality and quantity of protein and 
increasing some nutrients (sugars, minerals and vitamins) 
(Cuddeford, 1989; Gebremedhin, 2015). Sprouted grains 
fodders are considered a wealthy source for enzymes able 
to improve animals’ productivity, which is rich in 
chlorophyll and grass juice which improves the animal’s 
performance (Finney, 1983).   

Among barely seeds, microbiome communities are 
fungi which have strong competition for oxygen with the 
embryo and can inhibit seed germination. (Harper et al., 
1981) reported that aspergilli and penicillia when colonize 
the seed under the husk, they can participate the seed for 
their limited oxygen content. When 100 pg fungus 
colonized 80 % of the seed under the husk, maximum 
reduction in germination percentage was recorded.  

The SDS-PAGE tool can explain the effect of both 
environment and the interactions between genotypes genes 
on protein (Johansson et al., 2012; Ling et al., 2012) by 
determining the genetic diversity between various species 
of crops as barley and wheat (Miháliková et al., 2016; 
Banta et al., 2021). SDS-PAGE technique is commonly 
used in biological analysis for determination of shifting in 
protein bands (proteins or enzymes) caused under bio-
stress, due to the hormonal changes (Ghasempour et al., 
2001; Ghasempour and Kianian, 2002; Ghasempour and 
Maleki, 2003) which reflect on protein patterns by 
increasing bands upon transition from control to 
environmental stress (Vyomesh and Pitambara, 2018; 
Ramadan and Soliman, 2020). 

This work aims to prove the efficiency of some 
Bacillus and Pseudomonas strains producers for NRPs as 
biofertilizers by inhibiting fungal growth, enhancing 
sprouted barely growth and immunity to use the sprouted 
barely as an alternative feeding for animals. 

2. Materials and methods 

2.1.  Soil strains isolation and counting 

Nine various soil samples from three different locations 
in three replicates were collected from tomato field located 
in the Faculty of Agriculture, Menoufia University, 
Shibin-Elkom, Egypt. Counting of rhizosphere 
microbiome communities was performed in two replicates. 
Microbial colonies different in shape, color and viscosity 
were selected for cultivation and identification. 

2.2.  Rhizosphere soil sampling 

Three replicates from three zones of tomato field were 
used for rhizosphere community preparation. 10 ml of 
sterilized 0.5% NaCl was added to 1 g rhizosphere soil. 
Serial soil dilutions technique was prepared 10-1, 10-2, 10-3, 
10-4 and 100 µl of each dilution was plated on LB medium 
plates and incubated for 24-48 hours at 28 ᵒC. 

2.3.  Plant samples 

The Giza 126 barely seeds variety used in this study 
was obtained from the field of crops Research Institute, 
Agricultural Research Center (ARC), Egypt.  

2.4.  Isolation and identification barely seed associated 
fungi 

Associated fungi were isolated from Giza 126 barely 
seeds by barely seeds surface sterilization (Hussein et al., 
2018) and then placed on PDA plates for five days at 
25°C. To purify the fungi, they were sub-cultured three 
times on the same medium PDA. Pathogen identification 
was firstly performed based on morphology and 
microscopy observation followed by molecularly 
identification using the ITS gene after DNA extraction 
using the Zymo fungal/bacterial DNA miniprep. ITS gene 
was amplified using the universal primers; ITS1-Fwd 
(TCCGTAGGTGAACCTGCGG) /ITS4- Rev 
(TCCTCCGCTTATTGATATGC) followed by 
sequencing. The obtained sequences were aligned using 
BLASTN (https:// blast.ncbi.nlm.nih.gov/Blast.cgi). 

2.5.  ACC Deaminase Activity determination  

The rhizobacterial isolates from tomato soil were 
scanned for their ACC deaminase activity on MDFS media 
(Minimal Dworkin and Foster Salts) supplemented with 3 
mM ACC) (Dworkin and Foster, 1958; Penrose and Glick, 
2001). After 3 days of incubation at 28 ᵒC, the grown 
colonies were considered ACC deaminase producers. ACC 
deaminase quantification was performed using a Carry 100 
UV-Vis spectrophotometer by measuring α-ketobutyrate 
production levels at 540 nm and comparing the results to a 
standard curve (0.1 to 1.0 mmol) as previously described 
(Honma and Shimomura, 1978).  

2.6.  Production of IAA  

The isolated strains were incubated on Lauria Bertani 
medium supplemented with (5 mM Tryptophan) for 7 days 
at 28 ᵒC under 200 rpm of shaking. The IAA determination 
was performed by Salkowski reagent colorimetric method 
(0.5 M Ferric chloride, 70% perchloric acid). The Cell free 
culture supernatant was mixed with Salkowski reagent in a 
4:1 ratio to form indolic compounds, which exhibited a red 
colour. The absorbance was measured at 530 nm using a 
Carry 100 UV–Vis spectrophotometer as previously 
described (Gordon and Weber, 1951). A standard curve of 
pure indole-3-acetic acid (0-100 mg/ml) was used to 
determine IAA concentrations. 

2.7.  Phosphate solubilisation determination 

The determination of phosphate solubilization by the 
rhizobacterial isolates was performed using Pikovaskya’s 
agar medium supplemented with 2% Ca3PO4. A 10 µl spot 
of each bacterial culture was placed on the medium and 
incubated for 4 days at 28 ᵒC as described by (Nautiyal, 
1999). Phosphate solubilization was measured by the 
development of a clear area formed around the colony. 
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Additionally, quantitative determination of phosphate 
solubilization was carried out in NBRIP medium as 
described by (Nautiyal, 1999). The phosphate 
concentration in the culture supernatant was calculated as 
described by (Olsen et al., 1982).  

2.8.  Siderophores production  

Siderophores production was assessed by inoculation 
bacterial colonies on CAS (Chrome Azurol S) plates at 28 
ᵒC for 4 days. An orange-yellow halo around the growth 
indicated siderophores production. For quantification of 
siderophores production, 100 μl of rhizobacterial isolate 
culture (108 cfu/ml) was inoculated in King B liquid 
medium for 72 hours at 28 °C. The cultures were then 
centrifuged at 5000 rpm for 30 minutes. Subsequently, 500 
μL of the supernatant was mixed with an equal volume of 
CAS solution (1:1). After 20 minutes of incubation, the 
colour change from blue to orange indicated siderophore 
production, which was measured using a Cary UV-Vis 
spectrophotometer at 630 nm. The percentage of 
siderophores produced was estimated using the following 
equation: 

Siderophores % = RA‒SA/RA x 100 
Where RA refers to the blank absorbance (CAS reagent) and SA 
refers to the sample absorbance. 

2.9.  DNA extraction, primers and 16S rRNA PCR 
conditions 

Bacterial DNAs extraction was carried out using the 
Wizard genomic DNA extraction kit, Promega. PCR 

 amplification of the 16S rRNA gene was carried out 
using primers 27F (AGAGTTTGATCMTGGCTCAG) and 
1525R (AAGGAGGTGWTCCARCC) (DeLong, 1992). 
The PCR protocol included an initial denaturation step at 
95°C for 10 minutes, followed by 40 cycles of 
denaturation at 95°C for 30 seconds, annealing at 55°C for 
30 seconds, and extension at 72°C for 2 minutes. 

Amplified fragments were purified using the Wizard® 
SV Gel and PCR Cleanup kit from Promega and 
subsequently sent for sequencing. 

2.10. Non-ribosomal peptide synthetase genes detection 
using bioinformatics tools and degenerate primers 

The complete genome sequences of the related species 
for the five-tomato rhizosphere bacterial isolates were 
retrieved from GenBank - microbial genomes database- 
NCBI. These complete genomes were analyzed for the 
secondary metabolites’ genes using AntiSmash 
(https://antismash.secondarymetabolites.org) (Blin et al., 
2023). 

Two sets of degenerate primers were used; Serie 1 
designed for the Bacillus group, previously described by 
(Tapi et al., 2010; Abderrahmani et al., 2011); and Serie 2, 
designed for the Pseudomonas group, as described by 
(Rokni-Zadeh et al., 2011) Table (1). 
 

Table 1. Degenerate primers list used for detection of genes involved in NRPS. 

 
2.11. Protein pattern determination. 

Soluble proteins extraction from samples was carried 
out following the method described by (Laemmli, 1970) 

and subsequently analyzed as detailed by (Stegmann, 
1979). 
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Table 2: Bacterial inoculant used in soaking barely seeds treatment before planting 

3. Results  

3.1.  Counting, isolation, and identification of 
rhizobacterial community 

The rhizosphere bacterial communities were quantified 
by colony counting. The highest colony count was 
observed in zone 2 with 766 colonies, decreasing to 460 
and 136 colonies in subsequent dilutions. A total of sixteen 
rhizobacterial strain were isolated, five of which revealed 

considerable values of PGP properties. These strains were 
identified using 16SrRNA gene, and their sequences 
closely matched Bacillus amyloliquefaciens, Peribacillus 
frigoritolerans, Pseudomonas flourescens, Bacillus 
pumilus, and Paenibacillus uliginis. The phylogenetic tree 
illustrated the genetic relationships between these isolated 
rhizosphere strains depending on 16SrRNA gene sequence 
(Figure 1). Similarity percentage and GenBank accession 
numbers for these isolated strains are shown in table 3.

 

 
Figure 1. Phylogenetic tree of tomato rhizosphere bacterial isolates depending on 16SrRNA sequenced genes.
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Table 3. Tomato rhizosphere bacterial isolates closest relativity. 

Strain Closest relativity GenBank 
accession n° 

Identity 
(%) 

BMG150 Bacillus 
amyloliquefaciens 

OR914616 99.57 

PMG01 Pseudomonas 
fluorescens 

OR914617 98.25 

BMG300 Bacillus pumilus OR914618 98.61 

PMG200 Peribacillus 
frigoritolerans 

OR914619 98.81 

PMG300 Paenibacillus 
uliginis 

 OR914620 98.50 

3.2.  Identification of barely seeds associated fungi 

Three phytopathogenic fungal strains were isolated from 
barley seeds and identified based on morphological traits 
and molecular analysis. Sequence alignment with the NCBI 
database using BLAST revealed 98.75% identity with 
Rhizopus stolonifer, 98.61% with Aspergillus niger, and 
100% with Alternaria alternata. Thus, the isolated fungi 
were identified as Rhizopus stolonifer, Aspergillus niger, 
and Alternaria alternata. Fungal isolates and accession 
numbers are listed in Table 4. 

Table 4. Barely seeds fungal isolates closest relativity. 

Strain Closest relativity GenBank 
accession n° 

Identity (%) 

AMG01 Alternaria 
alternata 

PP495831 100 

AMG02 Aspergillus  

niger 

PP495830 98.61 

RMG01 Rhizopus 
stolonifers 

PP495829 98.75 

 
3.3.  Quantification of ACC deaminase, IAA, phosphate 
solubilization, and siderophore activities 

The activities of ACC deaminases for the five 
rhizobacterial isolates were quantified by measuring α-
ketobutyrate produced from ACC deamination reaction on 
DF minimal salt broth media at 540 nm. The five bacterial 
isolates revealed activities of ACC deaminase ranged from 
312–1457 nmol α-ketobutyrate/ mg protein. The Bacillus 
amyloliquefaciens BMG150 exhibited the highest activity 
(1457 nmol), followed by Pseudomonas flourescens 
PMG01 (1078 nmol), Paenibacillus uliginis PMG250 
(1021 nmol), Bacillus pumilus BMG300 (978 nmol) and 
Peribacillus frigoritolerans PMG200 (312 nmol) (Figure 
2A).

   

   
Figure 2. a. Activities of ACC deaminase; b. IAA production, c. phosphate solubilization (mg/ml); d. siderophores % of tomato 
rhizobacterial five isolates.
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The IAA production by the five tomato rhizobacterial 
isolates was quantified by measuring the formation of 
indolic compounds at 530 nm. All isolates IAA production 
ranged between 12.3 μg/ml (Peribacillus frigoritolerans 
PMG200) and 37.4 μg/ml, whereas Bacillus 
amyloliquefaciens BMG110 displayed the highest IAA 
production followed by isolate Pseudomonas 
flourescensPMG01 (21.6 μg/ml), Peribacillus 
frigoritolerans PMG200 (20.3 μg/ml) and Bacillus pumilus 
BMG300 (17.6 μg/ml) (Figure 2B). 

All the five tomato rhizobacterial isolates were 
solubilized phosphate in solid NBRIP medium by 
converting the inorganic form of phosphorous (Ca3PO4) 
into the solubilized form by development of yellow colour 
zone around the colonies on (Pikovaskya agar 
supplemented with 2% Ca3PO4). In liquid medium, 
Paenibacillus uliginis PMG250 displayed the highest 
solubilized phosphate (2.1 mg/ml) followed by 
Peribacillus frigoritolerans PMG200 (0.9 mg/ml) (Figure 
2C). Siderophores production was proved for all the five 
isolates by development of greenish blue to yellow colour 
(CAS agar media) on both solid and liquid media. The 
maximum siderophore % showed for Pseudomonas 
flourescens PMG01 (25.7%) followed by Bacillus 
amyloliquefaciens BMG150 (22.3 %) (Figure 2D). 

3.4.  Non-ribosomal peptide synthetase genes detection 
using bioinformatics tools and degenerate primers 

The detection of NRPs genes of the selected five 
tomato rhizobacterial isolates were performed using 
complete genome sequence accession number of the 
closest relativity strains available on GenBank: Bacillus 
amyloliquefaciens DSM7, Peribacillus frigoritolerans, 

Pseudomonas flourescens, Bacillus pumilus SAFR- 032 
and Paenibacillus uliginis N3975. Using AntiSmash 
version 7.0, all these complete genome sequences have 
been analysed, and the most similar known clusters of 
different secondary metabolites were revealed. Only NRPs 
clusters from each genome were summarized in Table 4, 
whereas Bacillus amyloliquefaciens DSM 7 showed the 
largest number of NRPs clusters (5) represented in 
surfactin, fengycin, iturin, bacillibactin siderophore and 
bacillaene (polyketide-NRPs hybrid), followed by 
Pseudomonas flourescens which showed three NRPs 
clusters; viscosin, tolassin and lankacidin (hybrid 
polyketide-NRPs). Bacillus pumilus SAFR- 032 complete 
genome sequence analysis using AntiSmash detected two 
NRPs clusters of lichenysin (85% similarity), but when 
analyzed by PKS/NRPS analysis website, were identified 
as pumilacidin (surfactin family) and another cluster with 
53 % identity to fengycin but with PKS/NRPS website 
analysis, no PKS/NRPS related domains were detected. 
Peribacillus frigoritolerans complete genome showed two 
NRPs clusters for koranimine and another cluster with 46 
% similarity to fengycin which re-analyzed by PKS/NRPS 
analysis website and no PKS/NRPS related domains were 
detected. Paenibacillus uliginis N3975 complete genome 
showed the presence of two NRPs clusters with very low 
similarity 1% to pyoverdine with no PKS/NRPS related 
domains detected when analyzed by PKS/NRPS website, 
and 11% similarity to zwittermicin which was predicted 
as: (pks-x-Gly-x) by PKS/NRPS analysis website and 
might indicate the novelty of this NRPs cluster. All known 
NRPs clusters for the rhizosphere bacterial isolates were 
summarized in Table 5. 
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Table 5. AntiSmash Most similar known clusters detected for the five-tomato rhizosphere bacterial isolates. 

 
 
Strain 

 
 
Accession n 

 
 
Region 

 
 
Type 

 
 
From 

 
 
To 

Similar known 
cluster 
AntiSmash 

Similar known 
cluster 
PKS-NRPS& 
Norine 

 
 
Similarity 

Bacillus 
amyloliquefaciens 
DSM7 
 

 
FN

59
76

44
.1

 

1 NRP-
Lipopeptide 

314,040 378,185 Surfactin Surfactin 82% 

5 Polyketide-
NRP 

1,766,333 1,867,399 Bacillaene Bacillaene 100% 

6 NRP 1,948,676 2,058,873 Fengycin Fengycin 93% 
9 NRP 2,506,988 2,551,970 Iturin Iturin 100% 
10 NRP 

siderophore 
3,033,649 3,085,384 Bacillibactin Bacillibactin 100% 

Bacillus pumilus 
SAFR-023 
 

 
CP000813.4 

1 NRP 323,520 403,989 Lichenysin Pumilacidin 85% 
5 NRP 1,815,669 1,842,788 Fengycin No NRP 53% 

 
 
 
Pseudomonas 
flourescens 
 

 
LT

90
78

42
.1

 

1 NRP 114,934 144,184 Ambactin No NRP 25% 
4 NRP 2,512,939 2,574,494 Viscosin  68% 
7 NRP 3,485,149 3,484,280 Pf-5 Pyoverdine Pyoverdine 

partial 
11% 

8 NRP 3,824,046 3,847,199 Fengycin No NRP 13% 
9 NRP 3,951,152 3,996,195 Tolassin 

lipopeptide 
Tolassin 
lipopeptide 

70% 

11 NRP 4,325,050 4,377,946 Pf-5 Pyoverdine Pyoverdine 
partial 

9% 

14 NRP- 
polyketide 

5,702,542 5,724,689 Lancacidin No NRP 13% 

Peribacillus 
frigoritolerans 
 

 
CP091882.1 

1 NRP 718,980 777,857 Koranimine Koranimine 87% 
3 NRP 2,496,957 2,521,117 Fengycin No NRP 46% 

Paenibacillus 
uliginisN3975 
 

 
 
LT840184.1 

1 NRP 804,360 845,517 Pf-5 Pyoverdine No NRP 1% 
2 NRP-

polyketide 
1,419,149 1,490,535 Zwittermicin Unknown 

NRP-
polyketide 

11% 

Degenerate primers Serie 1 were designed using the 
conserved nucleic acid sequences after the alignment of 
the adenylation and thiolation domains of different 
Bacillus strains for the NRPs lipopeptides known clusters; 
surfactin, fengycin or plipastatin, iturin (mycosubtilin and 
bacillomycin) and kurstakin ( Tapi et al., 2010; 
Abderrahmani et al., 2011). Serie 2 of degenerate primers 
was designed before by the alignment of the amino acids 
sequence of the condensation domain (C) and the 
thioestrase domain (TE) of NRPs synthetases from 
Pseudomonas lipopeptides biosynthesis systems to detect 
the conserved sequences (Rokni-Zadeh et al., 2011). 
Bacillus degenerate primers amplified four fragments of 
the expected sizes for the presence of the NRPs 
lipopeptides surfactin, fengycin, plipastatin, mycosubtilin 
in strain Bacillus amyloliquefaciens BMG150, which is 
consistent with the AntiSmash analysis for the genome of 
the closest relativity strain Bacillus amyloliquefaciens 
DSM 7. Using surfactin primers, the Bacillus degenerate 
primers amplified a fragment from Bacillus pumilus 
BMG300 of the predicted size, which is also in agreement 

with the AntiSmash analysis of the genome of the nearest 
relativity strain, Bacillus pumilus SAFR-032. 

On the other hand, Pseudomonas degenerate primers 
amplified two fragments of the expected sizes from 
Pseudomonas flourescens PMG01 isolate which often 
belongs to viscosin and tolassin NRPs clusters detected by 
AntiSmash analysis of the closest relativity strain 
Pseudomonas flourescens. On the contrary, both strains 
Peribacillus frigoritolerans PMG200 and Paenibacillus 
uliginis PMG250 amplified fragments of different sizes 
with fengycin primers (580 bp) which revealed 100 % 
similarity to Koranimine NRPs gene (Figure 3) as detected 
AntiSmash analysis for the closest relativity strains 
Peribacillus frigoritolerans, and revealed 100 % similarity 
to amino acid adenylate gene (684 bp) involved into the 
NRPs-PKS cluster (pks-x-Gly-x) predicted by AntiSmash 
and PKS/NRPS analysis website of the closest relativity 
strain Paenibacillus uliginis N3975 (Figure 4). All the 
positive amplification of degenerate primers for the 
rhizosphere bacterial isolates is listed in Table 6.
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Table 6. Detected NRPs clusters for the tomato rhizosphere bacterial isolates using degenerate primers. 

 

Isolated strains 

Degenerate primers 

Bacillus primers  

Pseudomonas 
primers 

plipastatin surfactin fengycin mycosubtilin bacillomycin kurstakin 

Ap, Tp As, Ts Af, Tf Am, Tm Abl, Tbl Aks, Tks C1 TE1, TE2 

Bacillus amyloliquefaciens 
BMG150 

+ + + + - - - - 

Peribacillus frigoritolerans 

PMG200 

- - + - - - - - 

Pseudomonas flourescens 
PMG01 

- - - - - - + + 

Bacillus pumilus 

BMG300 

- + - - - - - - 

Paenibacillus uliginis 
PMG250 

- - + - - - - - 

 

 
 

 
 
Figure 3. BlastN sequence alignment of fragment amplified using fengycin degenerate primers from strain Peribacillus frigoritolerans 
PMG200.    
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Figure 4. BlastN sequence alignment of fragment amplified using fengycin degenerate primers from strain Paenibacillus uliginis PMG250.

3.5.  Sprout barely invivo experiment 

In this experiment and after 12 days, results were 
interpreted depending on two main points: (1) production 
efficiency and (2) seedling length. For the production 
efficiency, it was remarked that the sample G (soaked in 
Bacillus amyloliquefaciens BMG150) recorded the highest 
values (7 folds), and seedling length (22.4 cm) followed by 
the sample E (soaked in Pseudomonas flourescens 
PMG01) (3.8 folds and 16.2 cm), respectively. On the 
other hand, the lowest production efficiency, and seedling 
length was observed for the samples B (control 2: washed 

only with water) (1.3 folds and 11.2 cm), followed by A 
(control 1: washed and sterilized using Sodium 
hypochlorite) (1.6 folds and 13.3 cm), C (soaked in 
Paenibacillus uliginis PMG250, Peribacillus 
frigoritolerans PMG200 and Bacillus pumilus BMG300,) 
(3 folds and 15.8 cm), respectively (Figure 5 and Table 7). 
These results underscore the importance and the efficiency 
of the use of strain Bacillus amyloliquefaciens BMG150 in 
enhancing sprouted barely seedling germination ratio, 
strength and length followed by the strain Pseudomonas 
flourescensPMG01.

 

 
Figure 5. Sprouted barely cultivated for 12 days, (A) control 1: washed and sterilized using Sodium hypochlorite, (B) control 2: washed 
only with water, (C) barely seeds washed by water, sterilized by Sodium hypochlorite, and soaked in Paenibacillus uliginis PMG250, 
Peribacillus frigoritolerans PMG200 and Bacillus pumilus BMG300, (E) barely seeds washed by water, sterilized by Sodium hypochlorite 
and soaked in Pseudomonas flourescens PMG01, (G) barely seeds washed by water, sterilized by Sodium hypochlorite and soaked in 
Bacillus amyloliquefaciens BMG150. 

 



 © 2024  Jordan Journal of Biological Sciences. All rights reserved - Volume 17, Number 4 676 

Table 7. Sprout barley characteristics after 12 days of plantation using tomato rhizobacterial biofertilizers and fungal 
inoculants.

 

3.6.  Soluble protein banding patterns 

Protein profile determination by SDS-PAGE for barley 
samples showed different banding patterns between the 
treatments. Many alterations in protein patterns were 
recorded for barley leaves soaked in different 
rhizobacterial strains (Paenibacillus uliginis PMG250, 
Peribacillus frigoritolerans PMG200 and Bacillus pumilus 
BMG300, Pseudomonas flourescens PMG01 and Bacillus 
amyloliquefaciens BMG150) under two controls. There is 
a number of bands totalling 21; ten of them were 
monomorphic bands with 47.6 %, while eleven 
polymorphic bands appeared with 52.4 %. There is one 
unique band at MW 15 KDa appeared in samples G 
(treated with Bacillus amyloliquefaciens BMG150 after 9 
days). Also, there is one unique band that appeared at MW 

40 KDa in samples C (treated with Paenibacillus uliginis 
PMG250, Peribacillus frigoritolerans PMG200 and 
Bacillus pumilus BMG300 after 9 days) and G (treated 
with Bacillus amyloliquefaciens BMG150 after 9 days), 
respectively. The highest number of bands was revealed in 
sample C (treated with Paenibacillus uliginis PMG250, 
Peribacillus frigoritolerans PMG200 and Bacillus pumilus 
BMG300 after 9 days) and sample G with 20 and 19 
bands, respectively. On the other hand, sample B’ (control 
2 at 12 days) were the lowest number of bands (10) as 
shown in (Table 8 and Figure 6). These results were in 
harmony with barely invivo experiment. The density, 
strength and length of the weakest seedlings in growth 
were observed for the sample B (control 2: washed only    
with water).      

 

 
Figure 6. Electrophoretic patterns soluble proteins of the sprouted barely leaves treated with rhizobacterial isolates performed by SDS-
PAGE. M: is standard protein. 
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Table 8. Densitometric analysis water soluble protein patterns for sprouted barley plants treated with rhizobacterial strains. (+) presence of 
bands; (-) absence of bands. 

4. Discussion 

Plant-microbe interactions type is often responsible for 
plant growth and development in the rhizosphere, whereas 
various studies reported the presence of various Bacillus 
species in the soil rhizosphere and as PGPR (Kumar et al., 
2012; Singh et al., 2014) according to their promoting 
plant growth role or suppressed several phytopathogens 
(Mumtaz et al., 2017; Akinrinlola et al., 2018).  

Here, we highlighted the potential of some tomato 
rhizosphere beneficial bacteria isolates which are 
considered the first line defense against pathogens by 
choosing the more efficient growth promoting 
characteristics bacteria. In this work, a total of 16 tomato 
bacterial isolates were evaluated for their PGP 
characteristics. Only five strains of which revealed 
considerable values for ACC deaminase, IAA, 
siderophores and solubilizing phosphate. The five 
rhizobacterial isolates showed their ACC deaminase 
production ability in accordance with (Singh et al., 2019) 
who confirmed this ability for rhizobacterial isolated from 
various crop plants. Furthermore, the ACC deaminase 
activity quantification ranged from 312–1457 nmol α-
ketobutyrate/ mg protein and the isolate Bacillus 
amyloliquefaciens BMG150 exhibited the highest ACC 
deaminase activity; therefore, ACC deaminase values 
determination is vital (Singh et al., 2019) and the 
rhizobacteria that can combine both the activity of ACC 
deaminase and other PGP properties is considered an 
amended symbiotic associate for the host plants (Tiwari et 
al., 2018; Gowtham et al., 2020). 

The five isolates are positive producers of IAA which 
is considered growth regulator of different plant growth 
stages (Etesami et al., 2015). Furthermore, the isolates 

were assessed for their potential for producing 
siderophores which enhance iron availability to the plant 
and reduce iron availability for phyto-pathogens, 
respectively (Saha et al., 2016; Sansinenea, 2019). 
Phosphate solubilization ability was also tested by the five 
isolates, which can be interpreted by the production of 
several components capable of transforming insoluble 
phosphates into easily absorbed substances by plants 
(Rodrı́guez and Fraga, 1999; Chen et al., 2006; Patel et al., 
2008; Brígido and Glick, 2017). Among the selected 
isolates, the high values were recorded to isolates Bacillus 
amyloliquefaciens BMG150, Pseudomonas flourescens 
PMG01 and Bacillus pumilus BMG300. The five efficient 
rhizosphere bacterial isolates were identified with the 
16SrRNA gene sequences, which were similar by 99–
100% with genera: Bacillus, Pseudomonas and 
Peribacillus. The results agree with the finding of 
(Hariprasad, 2014). 

Here, we demonstrated the efficiency of using 
degenerate primers in detecting NRPs synthetase genes, 
whereas it empowered us to take insight view about 
several genes involved in this mechanism side by side with 
bioinformatics using AntiSmash and PKS-NRPS analysis 
websites. The use of degenerate primers in detecting NRPs 
genes became commonly applied. Several studies designed 
series of these primers, and (Marahiel, 1997) designed a 
set of primers depending on the motif A2 (KAGGAY) LV 
P which are highly conserved for peptide synthetases. The 
second set was designed by (Neilan et al., 1999; Viscaino 
et al., 2005) depending on the conserved motif of the 
adenylation domain (A) aligned from various bacteria and 
fungi. Recently, the design of NRPs degenerate primers 
became more specialized depending on bacteria genera; 
Bacillus, for instance, is considered as one of the first 
genera for which this kind of NRP degenerate primers was 
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designed. Bacillus non-ribosomal lipopeptide synthetase 
genes degenerate primers were designed depending on the 
extraction of the conserved nucleic acids sequence of the 
(A) and the (T) domains after their alignment from 
different Bacillus members (Tapi et al., 2010; Chen et al., 
2006), while Pseudomonas degenerate primers were 
designed before by the alignment of the amino acids 
sequence of the condensation domain (C) and the 
thioestrase domain (TE) of NRPs synthetases from 
Pseudomonas lipopeptides biosynthesis systems to detect 
the conserved sequences (Rokni-Zadeh et al., 2011). In our 
study, Bacillus degenerate primers (Tapi et al., 2010; Chen 
et al., 2006) proved their efficiency in detecting NRLPs 
clusters of surfactin (As1-F/Ts2-R primers), fengycin 
(Af2-F/Tf1-R primers), plipastatin (Ap1-R/Tp1-R 
primers), mycosubtilin (Am1-F/Tm1-R primers) in strain 
B. amyloliquefaciens BMG150, pumilacidin (As1-F/Ts2-R 
primers) from B. pumilus BMG300, koranimine (Af2-
F/Tf1-R primers) from Peribacillus frigoritolerans 
PMG200 and unknown NRPs (Af2-F/Tf1-R primers) from 
Paenibacillus uliginis PMG250. The previous results agree 
with (Tapi et al., 2010) who amplified fragments of 
expected sizes with As1-F/Ts2-R primers from B.s 168 
and B. licheniformis ATCC 14580 (99%) similarity with 
surfactin and lichenysin (surfactin family), respectively, 
amplified fragments of expected sizes with plipastatin 
(Ap1-R/Tp1-R) primers from Bs 168 similar (99%) to 
plipastatin and detected mycosubtilin gene by (Am1-
F/Tm1-R) primers in Bs ATCC6633. (Tapi et al., 2010) 
also confirmed the amplification of fragments of different 
sizes with Af2-F/ Tf1-R primers from Bs ATCC6633, 
similarly to bacillaene polyketide synthase of B. 
amyloliquefaciens FZB42 (88%) and of B.s 168 (Chen et 
al., 2009; Al-shebly, 2022). The fengycin primer pairs can 
detect unexpected NRPs genes. These results agree with 
our finding for the isolates Peribacillus frigoritolerans 
PMG200 and Paenibacillus uliginis PMG250 amplified 
fragments corresponding to another NRPs gene rather than 
fengycin (Koranimine and unknown NRPs), respectively. 
On the other hand, Pseudomonas degenerate primers 
amplified two fragments of the expected sizes from 
Pseudomonas flourescens PMG01 isolate similar to 
viscosin and tolassin, as reported (Rokni-Zadeh et al., 
2011) who amplified fragments similar to viscosin and 
tolassin with the expected size from three maize 
rhizosphere Pseudomonas florescent isolates (PGSB3962, 
PGSB7828, and PGSB8273). 

The usage of rhizobacterial strains with PGP 
characteristics proved their efficiency in promoting barely 
growth and reduced fungal growth during sprout barely 
plantation. The production efficiency and leaves length 
decreased in control 1 and control 2; these results agree 
with (Paul and Nair, 2008) who confirmed that the 
presence of Aspergillus flavus decreased barley seeds 
germination and seedlings growth. We suggest that the use 
of microbial biofertilizers overcome the negative effects of 
salt by producing osmolytes and salt stress-induced 
proteins and therefore enhance sprouted barley production 
efficiency and leave length, which agrees with (Ryu et al., 
2004). Also, our results agree with (Murphy et al., 2003) 
who described the capability of Bacillus subtilis GBO3 in 
inducing defense-related pathways like, salicylic acid (SA) 
and jasmonic acid (JA). These results agree with 
(Aliasgharzad, 2006) who confirmed the enhancement of 

tomato immunity against tomato mottle virus by the 
application of Bacillus amyloliquefaciens 937b and 
Bacillus pumilus SE-34 as PGPR. 

The effect of different bacterial treatments appears in 
the expression of some genes encoding proteins by 
switching on or off.  Based on our results, we found 
different bacterial treatments by combination formula of 
the three strains Paenibacillus uliginis PMG250, 
Peribacillus frigoritolerans PMG200 and Bacillus pumilus 
BMG300 and the use of Bacillus amyloliquefaciens 
BMG150 separately revealed the highest number of bands 
with 20 and 19 bands, respectively. These findings are in 
accordance with (Murphy et al., 2003; Aliasgharzad, 2006) 
who reported that PGPR strains can induce defense-related 
pathways like, Salysalic Acid and Jasmonic Acid and 
enhance tomato immunity. The findings might reflect on 
protein patterns by the appearance of newly synthesized 
bands and the absence of others. (Boston et al., 1996; El-
Saber, 2021) observed that under different stress 
conditions, molecular chaperones are involved in various 
cellular functions which agrees with our findings of the 
low molecular weight proteins accumulation. 

5. Conclusion 

The use of biofertilizers isolated from soil rhizosphere 
is considered an alternative to chemical substances and 
enhances plant growth. The soaking of barely seeds before 
planting in these rhizosphere isolates suspension enhances 
the growth of sprouted barely. 
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Abstract 

This study explores the potential of natural-based and environmentally friendly ingredients for functional cosmetics by 
investigating the antioxidant and anti-melanogenic activities of endophytic fungi associated with Centella asiatica (CA) and 
Syzygium polyanthum (SP). Three endophytic fungi were isolated from leaves and stems of CA and SP collected from Bogor 
and Serpong, Indonesia using Rose Bengal agar medium. The fungal isolates were cultivated through submerged 
fermentation in malt extract broth medium. After separating the mycelial biomass with Whatman filter paper, the supernatant 
was extracted using ethyl acetate. The ethyl acetate fraction of the mycelial biomass extract from these three fungal isolates 
was screened for antioxidant and anti-tyrosinase activities. In the preliminary screening using the DPPH method by thin-
layer chromatography (TLC) with a mobile phase of ethyl acetate-methanol (9:1, v/v) and toluene-ethyl acetate (9:1, v/v), 
strong yellow spots indicating antioxidant activity were observed from each isolate after being sprayed with DPPH reagent. 
Screening for anti-tyrosinase activity was conducted using a colorimetric assay with button mushroom tyrosinase, kojic acid 
as a positive control and 3,4-dihydroxyphenylalanine (L-DOPA) as a substrate. One isolate with higher antioxidant and anti-
tyrosinase activities was further identified based on sequence data of the internal transcribed spacer (ITS) rDNA (including 
ITS1, 5.8S rDNA, and ITS2). The identification of the selected isolate showed 99.45% similarities with Colletotrichum 
sojae. 

Keywords: Endophytic fungi, Centella asiatica, Syzygium polyanthum, Secondary metabolite, Antioxidant, Anti-tyrosinase, Colletotrichum 
sojae  
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1. Introduction 

Endophytic fungi living symbiotically within their plant 
host have been known as sources of various types of 
biologically active compounds secreted as an adaptive 
response to environmental stresses (Aly et al., 2013). 
These compounds exhibit diverse biological activities such 
as antioxidant, cytotoxic, antimicrobial, anti-inflammatory, 
anticancer, herbicidal, and anti-leishmanial properties 
(Anand et al., 2023). One particular interest in recent times 
is the evaluation of endophytic fungi for their antioxidant 
and anti-melanogenic activities in the cosmetic industry. 
This interest stems from the growing demand for natural 
and eco-friendly ingredients in functional cosmetics, 

including anti-aging, skin-lightening, and sunscreen 
products (Burger et al., 2016). Concerns regarding the 
safety of synthetic raw materials commonly used in 
cosmeceuticals, such as hydroquinone and retinoids, have 
also contributed to this shift toward natural alternatives 
(Barbaud, Lafforgue, 2021).  

Despite the potential benefits, research on cosmetic 
ingredients derived from endophytic fungi remains limited. 
A previous study examined the skin-whitening 
characteristics of comoclathrin, a chemical generated by 
endophytic Comoclathris strains, and proved its efficacy 
using a tyrosinase inhibitory assay (Georgousaki et al., 
2022). While metabolites' antioxidant properties are often 
considered as the primary mechanism for anti-aging 
effects, another approach for screening new skin-

https://doi.org/10.54319/jjbs/170411
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lightening agents is to inhibit the tyrosinase enzyme. 
Tyrosinase is crucial in the initial steps of melanin 
biosynthesis, and its dysregulated expression or 
hyperactivity can lead to pigmentation disorders (Pillaiyar 
et al., 2017; Slominski et al., 2004).  

Antioxidants play a vital role in cellular homeostasis by 
neutralizing reactive oxygen species (ROS), which 
contribute to oxidative stress and various health disorders 
(Al-Ghamdi et al., 2020). Melanogenesis, the process of 
skin pigmentation, is influenced by oxidative stress, and 
excessive melanin production can result in 
hyperpigmentation disorders such as melasma and age 
spots (Lee et al., 2021; Liu et al., 2018). Two 
ethnomedicinal plants, Centella asiatica (L.) Urban. (CA) 
and Syzygium polyanthum (SP), have long been used in 
South and Southeast Asia to treat various ailments. CA is 
known for its anti-inflammatory and wound-healing 
properties, while SP is used traditionally to treat diabetes, 
hypertension, gastritis, ulcers, and skin diseases 
(Abdulrahman, 2022). The high antioxidant activity of 
bioactive compounds from CA and SP may contribute to 
their therapeutic effects (Gohil et al., 2010; Hartanti et al., 
2019).  

Previous studies have shown that the interaction 
between endophytic fungi and their host plants 
significantly influences the production of bioactive 
compounds and their biological activities (Jia et al., 2016). 
For example, endophytic fungi associated with Nerium 
oleander L. (Apocynaceae) increased the production of 
phenolic compounds in the host plant with potent 
antioxidant activity (Huang et al., 2007). Therefore, 
investigating endophytic fungi within medicinal plants 
presents a novel approach to discovering bioactive 
substances with enhanced characteristics and potential 
therapeutic applications. This study aims to evaluate the 
potential of endophytic fungi from CA and SP as new 
skin-lightening agents through screening for antioxidant 
and anti-tyrosinase activities. Four isolates from CA leaves 
and SP stems with optimal biological activities were 
further identified using sequence data from internal 
transcribed spacer (ITS) rDNA (including ITS1, 5.8S 
rDNA, and ITS2) and 18S. 

2. Materials and methods 

2.1. Materials 

The study utilized the following materials: 1,1-
diphenyl-2-picryl hydrazyl (DPPH), methanol, HPLC-
grade methanol, Triton X-100, and ammonium sulphate, 
purchased from Merck (Darmstadt, Germany), ascorbic 
acid (vitamin C) from Kalbe Farma (Jakarta, Indonesia), 
fresh button mushrooms (Agaricus bisporus) from local 
market, L-DOPA from Sigma-Aldrich (Steinheim, 
Germany), thin-layer chromatography plates Silica gel 60 
F254, from Merck (Darmstadt, Germany), kojic acid from 
Sigma-Aldrich (Steinheim, Germany), C18 column 
chromatography XBridge 5 µm (4.6x150 mm) from 
Waters (Milford, Massachusetts, Amerika) equipped with 
a PDA detector and HPLC apparatus. 

2.2. Isolation of endophytic fungi 

Samples of CA and SP were collected from Serpong 
and Bogor, West Java, Indonesia, on March 21st, 2022. 

Healthy mature living leaves and twigs from randomly 
selected mature plants were obtained and transported to the 
laboratory in sterile plastic bags. Processing of the samples 
commenced within a few hours after the collection. The 
surface of the leaves and twigs was sterilized by washing 
with 70% ethanol followed by sterile distilled water. 
Subsequently, all plant samples were air-dried in a laminar 
airflow cabinet on sterile tissue paper for an hour 
(Abraham et al., 2015). The effectiveness of the 
sterilization procedure was evaluated following the method 
developed by Schulz et al (Schulz et al., 1993). 

The sterilized plant tissue samples with a size 
approximation of 1 cm2, were pressed onto the surface of 
the Rose Bengal agar medium (Himedia, Mumbai, 
Maharashtra, India) supplemented with chloramphenicol 
antibiotic. The absence of mycelia growth on the surface 
of the medium confirmed that the sterilization procedure 
was effective in removing the surface fungi from the plant 
tissue (Abraham et al., 2015). The combination of direct 
plating using Rose Bengal agar medium supplemented 
with chloramphenicol and a moist chamber method was 
applied to isolate endophytic fungi from plant samples 
(Ananda, Sridhar, 2002). For the direct plating method, the 
fragment of plant samples, approximately 0.5 cm x 0.5 cm, 
were placed on the surface of agar media and incubated in 
the incubator at 28°C. The plant samples were placed on 
the moist sterile towel tissue in the sterile plastic container. 
The growth observation of fungal mycelia in the plant 
sample's internal tissue was conducted daily (Polishook et 
al., 1996). The growth mycelial were then isolated 
aseptically in potato dextrose agar medium (Himedia, 
Mumbai, Maharashtra, India), purified and preserved in a 
2 mL CryoTube containing 1 mL of 10% glycerol solution 
(v/v) and 5% lactose monohydrate (Merck, Darmstadt, 
Germany) (w/v) at −80°C (Abraham et al., 2015). 

2.3. Fermentation and extraction of fungal secondary 
metabolites 

The submerged fermentation process was conducted in 
a 1 L flask containing 500 mL of malt extract medium (30 
g of malt extract, 5 g of peptone in 1 L of distillate water) 
for 14 days in a shaker incubator at 110 rpm and 28°C 
(Abraham et al., 2015). The mycelial biomass from each 
fermentation flask was separated by filtration using 
Whatman filter paper (no. 1), and the obtained supernatant 
was collected. Each filtrate was extracted by ethyl acetate 
(1/1, v/v) in the separation funnel. The water fraction on 
the upper layer was collected and then re-extracted three 
times with ethyl acetate. The ethyl acetate fraction on the 
bottom layer was eventually collected and concentrated 
using a rotary evaporator. 

2.4. Screening for anti-oxidant activity 
The evaluation of anti-oxidant activity was performed 

by using a radical scavenging assay of 2-diphenyl-1-
picrylhydrazyl (DPPH). The DPPH solution (0.1 mM) was 
first dissolved in methanol. A series concentration of 
vitamin C solution (1.25; 2.50; 5; 25; 50; and 100 ppm) 
was then prepared in methanol as a standard solution. Each 
extract sample was prepared by dissolving it in methanol 
at the concentration of 10 mg/mL. 20 µL of the sample 
volume was mixed with 100 µL DPPH solution in each 
well of the 96-well plate and was further incubated for 15 
minutes in the dark. Following the incubation, the 



 © 2024  Jordan Journal of Biological Sciences. All rights reserved - Volume 17, Number 4 683 

absorbance of the mixture was measured at 520 nm in 
triplicate against a blank methanol without DPPH radical 
(as control). The antioxidant activity was determined as an 
inhibition percentage of DPPH radical discoloration, and 
calculated using the following Eq. (1) (Guil-Guerrero et 
al., 2006): 

 

  (1) (Nurzaman et al., 2022) 

where, Acontrol  is the absorbance of control and Asample is the 
absorbance of the extract. To indicate the antioxidant capacity, the 
IC50 value of each extract was measured using linear regression 
analysis of the standard solution. 

2.5. Screening for anti-tyrosinase activity 
The evaluation of anti-melanogenic activity was 

conducted using the tyrosinase colorimetric method (Hsu 
et al., 2018). The tyrosinase enzyme used in this bioassay 
was previously extracted from fresh button mushrooms 
(Agaricus bisporus), which was purchased from a local 
supermarket. To extract the enzyme, 200 grams of 
mushroom slices were mixed with 300 mL of chilled 
phosphate buffer (pH 5.8) and homogenized for 10 
minutes at 19,500 rpm using an Ultra Turrax homogenizer 
(IKA, T50 digital, Selangor, Malaysia) in an ice bath. 
Subsequently, the mushroom slurry was centrifuged 
(Hitachi, Himac CR 22N, Ibaraki, Japan) for 20 minutes at 
4°C and 9,000 rpm. For enzyme precipitation, firstly the 
supernatant was collected, and then 80 grams of 
ammonium sulphate (was added. The mixture was further 
stirred in an ice bath using a magnetic stirrer (Thermo 
Fisher Scientific, Singapore) for 15 minutes to dissolve the 
components, which was then followed by centrifugation 
for 20 minutes at 4°C and 9,000 rpm to separate the 
tyrosinase enzyme. 

The anti-melanogenic screening was done using the 
tyrosinase-based thin layer chromatography (TLC) assay 
similar to the method previously explained with some 
minor changes (Almeda et al., 2015). In this protocol, 3,4-
dihydroxyphenylalanine (L-DOPA) was used as a reaction 
substrate by dissolving 2 mM L-DOPA in phosphate 
buffer (50 mM, pH 6.5) and followed by the addition of 
1% Triton X-100. Tyrosinase (3 mg) was dissolved in 10 
mL phosphate buffer. Kojic acid was used as a positive 
control in this assay by preparing 10 mg/mL kojic acid 
solution in phosphate buffer. The tested extract (10 
mg/mL) was dissolved in the mixture of DMSO and 
phosphate buffer (1:9, v/v). Each extract solution was then 
spotted in the TLC plate and eluted with ethyl acetate and 
methanol (9:1, v/v) for separating its corresponding 
components. L-DOPA solution was sprayed onto the TLC 
surface followed by incubation of the plat at 25°C for 10 
minutes. In addition, tyrosinase solution was also sprayed 
on the same TLC surface and further incubated at 30°C for 
30 minutes. Eventually, the presence of brownish-purple 
spots on the plate indicates the tyrosinase inhibition 
activity of the extract. The inhibitory activity of the sample 
was expressed as the percentage of tyrosinase inhibition 
using the following Eq. (2) (Casañola-Martín et al., 2007): 

  (2) (Govindappa et al., 2016) 

where, Acontrol  is the absorbance of control and Asample is the 
absorbance of the extract. 

A sample with high tyrosinase inhibition activity was 
further analyzed to determine its IC50 value using 
colorimetry technique. The extract solution was prepared 
in phosphate buffer at concentrations ranging from 7 to 
1000 ng/mL. The positive control solution of kojic acid 
was also prepared with the concentration range of 0.39 – 
50 ng/mL (Hamed, El-Sharkawy, 2020). The assay was 
started by mixing 70 µL sample solution with 70 µL 
tyrosinase solution in each well of the 96-well plate. L-
DOPA solution (110 µL) was subsequently added into the 
mixture and followed by incubation of the well plate at 
37°C for 30 minutes. The absorbance intensity of the color 
change after the incubation due to the formation of the 
DOPA chrome was measured at 450 nm using a 
microplate reader.   

2.6. Detection of kojic acid by HPLC analysis 

Sample with high anti-oxidant and anti-tyrosinase 
activity was further assessed to measure the kojic acid 
content (as a positive control) by HPLC analysis. The 
HPLC protocol used in this study followed a previously 
validated method by Rovira and coworkers (Galimany-
Rovira et al., 2016). Briefly, kojic acid and ascorbic acid 
were separately dissolved in a mixture of methanol:water 
(15:85, v/v). These two standard solutions and used eluent 
(methanol:water, 15:85, v/v) were filtered using PTFE 
filter with a pore size of 0.45 µm. Both sample and 
standard solution (10 µL) were injected into the HPLC 
(C18 column) under isocratic condition at a flow rate of 
1.0 ml/minute. Detection was performed using a PDA 
detector at 260 nm. Kojic acid was quantified using 
calibration curve obtained from kojic acid measurement. 

2.7. Fungal identification 
The rDNA of the selected fungal isolate was extracted 

and purified using Genomic DNA extraction with Quick-
DNA Magbead Plus Kit (Zymo Research, California, 
USA). The fungi rDNA was amplified with primers ITS1 
(5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-
TCCTCCGCTTATTGATATGC-3'). Each 50 µL reaction 
mixture consisted of 25 MyTaq™ HS Red Mix (Meredian 
Bioscience, Ohio, USA), 1 µL for each primer, 1 µL DNA 
template, and 22 µL nuclease-free water. Amplification 
was performed in T100 Thermal Cycler (Bio-Rad 
Laboratories Inc, Foster City, USA). PCR thermal cycle 
using ITS primers was conducted with the following 
parameters: initial denaturation at 94°C for 1 minute, 
denaturation at 95°C for 15 seconds, annealing at 52°C for 
15 seconds, extension at 72°C for 45 seconds, and final 
extension at 75°C for 5 minutes. The total number of 
cycles was 35 (Wirya et al., 2020). The expected size of 
the PCR products was verified on a 1% TBE agarose gel 
using an electrophoresis apparatus (Mupid-exU, Tokyo, 
Japan). The DNA of the sample that exhibited higher anti-
oxidant and anti-tyrosinase activity was analyzed using 
3130 AB1 Applied Biosystem sequencer. 

Purified PCR products were sequenced using an 
automated DNA sequencer (Applied Biosystems 3130 
Genetic Analyzers, California, USA). The sequence data 
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of ITS rDNA of the fungal strains were deposited in 
GenBank at NCBI. The fungal isolates were identified 
based on sequence homology with fungal sequences 
obtained from the GenBank DNA database hosted by 
NCBI (http://blast.ncbi.nlm.nih.gov) using the BLAST 
search tool. The isolates were identified based on the 
sequence similarity cut-off point for fungal species 
delimitation of at least ≥ 97%, according to Brock et al. 
and with an E value cut-off of 0.01 (Brock et al., 2009). 
The sequences of ITS rDNA of fungal isolates were 
aligned with other sequences retrieved from GenBank 
using ClustalX (Thompson et al., 1997). The fungal ITS 
sequences were analyzed for phylogenetic evolutionary 
relationships using the Molecular Evolutionary Genetic 
Analysis program (MEGA X). A phylogenetic tree was 
constructed using the neighbor-joining method with 
bootstrap values based on 1,000 replications (Felsenstein, 
1985; Saitou, Nei, 1987). The evolutionary distances were 
computed using the Kimura 2-parameter method (Kimura, 
1980). 

3. Results  

3.1. Isolation of endophytic fungi 
As shown in Table 1, 12 endophytic fungi isolates were 

obtained from CA and SP plant samples cultivated in 2 
different cities in Indonesia (Serpong and Bogor). In this 
study, 7 endophytic fungi were successfully isolated from 
plant stems, and 5 isolates were obtained from plant 
leaves. Ten fungal isolates were obtained from direct 
planting method, and the other two isolates were obtained 
from moist chamber method. For easier discussion, 
specific sample denotations will be used here onwards for 
every isolated endophytic fungus based on their place of 
origin, plant source as well as its corresponding isolation 
method, such as Spg for Serpong, Bgr for Bogor, L for 
leaves, S for stem, Dp for direct planting and Mc for moist 
chamber.

 
Table 1. Fungal isolates obtained from the plant samples and the corresponding information. 

No. Plant samples Sampling 
location 

Source of isolate and isolation 
method Sample code Biomass yield from fermentation 

(gram) 

1. CA  

Serpong 

5 isolates from leave by direct 
planting;  
1 isolate from stem by direct 
planting 

CA-Spg-LDp 1.2.2 5.18 

CA-Spg-LDp 2 4.34 

CA-Spg-LDp 3.1 3.61 

CA-Spg-LDp 3.2 2.19 

CA-Spg-LDp 3.3 3.77 

CA-Spg-SDp 2.1 1.86 

Bogor 

4 isolates from leave by direct 
planting; 
2 isolates from stem by direct 
planting 

CA-Bgr-LDp 1.1 5.46 

CA-Bgr-LDp 2.1 5.88 

CA-Bgr-LDp 2.2.2 4.83 

CA-Bgr-LDp 3.1 3.68 

CA-Bgr-SDp 3.1 2.70 

CA-Bgr-SDp 3.1 0.40 

2. SP  

Serpong 

1 isolate from leave by direct 
planting; 
5 isolates from stem (3 isolates 
by direct planting, 2 isolates by 
moist chamber) 

SP-Spg-LDp 3.1 2.50 

SP-Spg-SDp 1.2 3.91 

SP-Spg-SDp 3.1 1.28 

SP-Spg-SDp 3.3 4.57 

SP-Spg-SMc 1.4 4.61 

SP-Spg-SMc 2.2 2.32 

Bogor 

2 isolates from leave by direct 
planting; 
4 isolates from stem (3 isolates 
by direct planting, 1 isolate by 
moist chamber) 

SP-Bgr-LDp 1.1 3.59 

SP-Bgr-LDp 2.1 4.81 

SP-Bgr-SDp 1.3 1.38 

SP-Bgr-SDp 3.1 0.31 

SP-Bgr-SDp 3.2 3.18 

SP-Bgr-SMc 1.1 5.06 
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The morphological characteristics of each isolate, 
including colony color, elevation, and texture, were 
observed. The representative images of the isolated fungi 
are shown in Figure 1. Six distinct endophytic fungi from 
CA were identified, and Figure 1a illustrates the range of 
their morphological features. These features included 
colony color (black, grey, and brownish with white 
border), colony elevation (umbonate and rugose), and 

colony texture (powdery and velvety). On the other hand, 
the endophytic fungi from SP showed different 
morphological characteristics compared to those from CA, 
including colony color (brownish white, white, blackish 
white, and yellowish brown), colony elevation (umbonate 
and rugose), and colony texture (velvety and cottony) 
(Figure 1b). 

 

 
Figure 1. Colonies of endophytic fungi isolate from CA (a) on Potato Dextrose Agar Medium and SP (b) on Oatmeal Agar Medium.

3.2. Fermentation and extraction of fungal secondary 
metabolites 

A fermentation shaker was used to ferment liquids at 
110 rpm for 14 hours (28°C). Table 1 shows that fungal 
fermentation yield biomass range from 2.84 gr (CA-Spg-
SDp 2.1) to 5.67 gr (CA-Spg-LDp 2.1). 

3.3. Screening for anti-oxidant activity 

The results of the screening for anti-oxidant activity are 
presented in Table 2. The anti-oxidant values vary widely, 
ranging from 29.32% (A: CA-Bgr-LDp 2.1) to 83.96% (C: 
CA-Spg-LDp 1.2.2). Notably, the extract with the highest 
inhibition value exhibits anti-oxidant activity which is 
comparable to that of vitamin C as a positive control 

(85.17%). Additionally, 70.83% of the total isolates 
display more than 50% DPPH radical inhibition, indicating 
the potential of the fungal endophytes isolated from CA 
and SP as anti-oxidant resources. Table 2 also reveals that 
most fungi obtained from CA exhibit higher anti-oxidant 
activity compared to those isolated from SP. To determine 
the concentration of extract required for 50% free radical 
scavenging activity, three isolates with the highest DPPH 
radical inhibition, isolated from the stem and leaf of CA, 
were tested for IC50 measurement. As shown in Table 3, 
isolate C (CA-Spg-LDp 1.2.2) exhibits an IC50 value of 
590.19 ppm for anti-oxidant activity, whereas vitamin C 
has an IC50 value of 23.84 ppm.  
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Table 2. Anti-oxidant activity of the extracts. 

No. Sample code Inhibition % 

1 A (CA-Bgr-LDp 2.1) 29.32 ± 1.40 

2 B (CA-Bgr-SDp 2.1) 54.55 ± 1.91 

3 C (CA-Spg-LDp 1.2.2) 83.96 ± 1.08 

4 D (SP-Spg-SDp 3.3) 43.94 ± 1.44 

5 E (SP-Spg-SDp 1.2) 56.48 ± 0.79 

6 F (SP-Bgr-SMc 1.1) 39.52 ± 4.22 

7 G (SP-Bgr-SDp 1.3) 53.22 ± 5.46 

8 H (CA-Spg-LDp 3.1) 73.35 ± 7.79 

9 I (CA-Spg-LDp 3.3) 78.03 ± 2.60 

10 J (SP-Spg-SMc 1.4) 61.82 ± 6.96 

11 K (CA-Bgr-LDp 2.2.2) 79.62 ± 1.27 

12 L (SP-Bgr-SDp 3.2) 60.07 ± 0.87 

13 M (CA-Spg-LDp 3.2) 79.10 ± 0.76 

14 N (SP-Spg-SDp 3.1) 73.58 ± 0.61 

15 O (CA-Spg-SDp 2.1) 45.68 ± 8.42 

16 P (SP-Bgr-SDp 3.1) 68.05 ± 1.54 

17 Q (CA-Bgr-LDp 1.1) 43.01 ± 3.35 

18 R (CA-Spg-LDp 2) 44.30 ± 7.09 

19 S (SP-Spg-LDp 3.1) 77.81 ± 1.02 

20 T (SP-Bgr-LDp 1.1) 48.10 ± 6.86 

21 U (CA-Bgr-LDp 3.1) 67.36 ± 4.02 

22 V (SP-Spg-SMc 2.2) 59.84 ± 4.39 

23 W (CA-Bgr-SDp 3.1) 79.53 ± 0.56 

24 X (SP-Bgr-LDp 2.1) 68.65± 6.28 

25 Vitamin C 85.17 ± 3.80 

Results are expressed as the mean ± RSD (n = 3). Vitamin C was 
used as positive control. The IC50 of the selected samples (no. 3, 
11, and 23) were further analyzed. 

Table 3. The IC50 value of the antioxidant capacity from the three 
selected extracts. 

No. Sample code IC50 value (ppm) 
1 C (CA-Spg-LDp 1.2.2) 590.19 ± 1.91 
2 K (CA-Spg-LDp 2.2.2) 2943.00 ± 5.20 
3 W (CA-Spg-SDp 3.1) 2143.18 ± 8.16 
4 Vitamin C 23.84 ± 47.34 

Results are expressed as the mean ± RSD (n = 3). Vitamin C was 
used as positive control. 

3.4. Screening for anti-tyrosinase activity 
The screening result of anti-tyrosinase activity by TLC 

method is shown in Figure 2. The positive result was 
indicated by the presence of a white zone on the black 
background of the TLC plate. It can be seen from the TLC 
result that there are two samples of C (CA-Spg-LDp 1.2.2) 
and R (CA-Spg-LDp 2) that actively inhibit tyrosinase 
activity. The active compound in sample C appears at a 
retention time of 5.5, while sample R appears at a retention 
time of 6.5. Kojic acid as a positive control in this test also 
appears at a retention time of 5.5. Therefore, the active 
compound in sample C could likely be kojic acid. Both 

samples C and R were then further analyzed to determine 
their IC50 values, which were 341.02 and 570.40 ppm, 
respectively (Table 4). This result suggests that both 
samples may be exploited as whitening agents.  
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Figure 2. Tyrosinase-based TLC bioautography of the extracts. A 
(CA-Spg-LDp 2.1); B (CA-Spg-SDp 2.1); C (CA-Spg-LDp 1.2.2); 
D (SP-SPg-SDp 3.3); E (SP-Spg-SDp 1.2); F (SP-Bgr-SMc 1.1); 
G (SP-Bgr-SDp 1.3); H (CA-Spg-LDp 3.1); I (CA-Spg-LDp 3.3); 
J (SP-Spg-SMc 1.4); K (CA-Spg-LDp 2.2.2); L (SP-Bgr-SDp 
3.2); M (CA-Bgr-LDp 3.2); N (SP-Spg-SDp 3.1); O (CA-Spd-
SDp 2.1); P (SP-Bgr-SDp 3.1); Q (CA-Spg-LDp 1.1); R (CA-Spg-
LDp 2); S (SP-Spg-LDp 3.1); T (SP-Bgr-LDp 1.1); U (CA-Spg-
LDp 3.1); V (SP-Spg-SMc 2.2); W (CA-Spg-SDp 3.1); X (SP-
Bgr-LDp 2.1); Y (Kojic acid); Z (Vitamin C). The red arrow 
indicated the expected samples with tyrosinase inhibition activity 
and the green arrow indicated positive control. 

Table 4. The IC50 value of the tyrosinase inhibition activity from 
the selected extracts. 

No. Sample code IC50 value (ppm) 

1 C (CA-Spg-LDp 1.2.2) 341.02 

2 R (CA-Spg-LDp 2) 570.40 

3 Kojic acid 5.36 

Results are expressed as the mean (n = 3). Kojic acid was used as 
positive control. 

3.5. Detection of kojic acid by HPLC analysis 
Detection of kojic acid by HPLC analysis involves 

extracting kojic acid from the sample exhibiting high 
antioxidant and anti-tyrosinase activity using an 
appropriate solvent. Before injecting the sample, a series 
of standard solutions of kojic acid and ascorbic acid at 
known concentrations in the mobile phase is prepared. The 
HPLC analysis generates retention time data for each 
analyte; for example, ascorbic acid and kojic acid were 
detected at 1.53 and 2.19 minutes, respectively. The 
obtained R2 values for the standard curves are 0.9779 for 
ascorbic acid and 0.9945 for kojic acid (data are not 
shown), indicating a good linear regression. Importantly, 
the chromatogram of sample C (CA-Spg-LDp 1.2.2) in 
Figure 3 shows a significant peak at approximately 2.2 
minutes, which closely resembles the kojic acid peak in the 
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standard solution. This data verifies the presence of kojic 
acid in the sample with a concentration of 9.61 ppm. 

 
Figure 3. HPLC chromatogram of the sample C (CA-Spg-LDp 
1.2.2) (green line) and positive controls (red line) of ascorbic 
(retention time of 1.53 minutes) acid and kojic acid (retention time 
of 2.19 minutes). 

3.6. Fungal identification 
The DNA isolated from selected fungal isolates was 

amplified using Internal Transcribed Spacer (ITS) primers. 
Figure 4 depicts the PCR results of the ITS region, 
indicating successful amplification of DNA samples by the 
appearance of DNA bands with expected gene sizes of 
approximately 550 bp.  

 
Figure 4. Electropherograms of the amplified ITS sequence of 
CA-Spg-LDp 1.2.2. Isolates assessed by electrophoresis with 1 % 
TBE agarose

Table 5. The BLAST search result of CA-Spg-LDp 1.2.2 isolates 
from NCBI Database. 

No. Species Query 
cover 

Percent 
identification 

(%) 

Length 
(bp) 

Accession 
number 

1 C. sojae 
Strain 
ATCC 
62257 

98% 99.45 548 KC110794.1 

2 C. 
plurivorum 

CBS 125474 

96% 99.81 539 NR_160828.1 

3 C.  
syngoniicola 

strain 
LC8894 

100% 98.75 567 MZ595863.1 

4 C. cliviicola 
CBS 125375 

96% 99.63 539 NR_137097.1 

5 C. 
cattleyicola 
CBS 170.49 

96% 99.44 539 NR_160832.1 

6 C. sojae 
ATCC 
62257 

96% 99.44 539 NR_158358.1 

7 C. musicola 
CBS 132885 

96% 98.89 539 NR_160830.1 

8 C. 
brevisporum 
BCC 38876 

100% 97.85 578 NR_111637.1 

9 C. 
brevisporum 

strain 
LC0600 

99% 97.85 592 KC790943.1 

10 C. 
orchidearum 
CBS 135131 

96% 98.70 538 NR_160831.1 

The amplified sequence of CA-Spg-LDp 1.2.2 isolates 
was submitted to Genebank at NCBI under the accession 
number of PP345512.1, and BLAST analysis was 
performed to compare the sequence to numerous 
references in the NCBI database. The result showed higher 
homology with Colletotrichum sojae strain ATCC 62257 
with a percent identification of 99.45% and gene length of 
548 bp (Table 5). This finding is consistent with the 
electropherogram of the CR product, which indicates that 
the sequence is approximately 550 bp in length.  

Following the analysis of the BLAST results, a 
phylogenetic tree was constructed to compare the isolate 
sequences with the reference sequences retrieved from the 
NCBI database. The phylogenetic analysis involved 
comparing one isolate from this study with ten 
Colletotrichum reference isolates from the Gene Bank and 
two fungal strains used as an outgroup. The phylogenetic 
tree (Figure 5) indicated that CA-Spg-LDp 1.2.2 belongs 
to the Colletotrichum genus and is closely related to 
Colletotrichum sojae strain ATCC 62257, with a bootstrap 
value of 73%. A bootstrap proportion of >70% often 
indicates a likelihood of >95%, highlighting that the clade 
is real.  
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Figure 5. Phylogenetic tree of CA-Spg-LDp 1.2.2 isolates based 
on ITS. 

4. Discussion 

In this study, the number of fungi isolates obtained 
from the direct planting method was higher than those of 
direct moist chamber method. This result indicated that 
direct planting is more suitable for obtaining endophytic 
fungi from plant samples. This data is indeed consistent 
with the previous research groups that used direct planting 
techniques to isolate 85 and 18 endophytic fungi from CA 
and SP plants, respectively (Radiastuti et al., 2019; 
Widjajanti et al., 2023). The obtained endophytic fungi 
from CA are similar to those of other studies, displaying a 
variety of morphological characteristics, including colony 
color (ranging from black, white, brownish white, yellow, 
and yellowish white) and colony texture (either cottony or 
velvety) (Radiastuti et al., 2019). Similar morphological 
traits of fungi from the SP's stem are also shown by the 
endophytic fungi from SP, demonstrating similarity in 
surface colony color (yellowish brown, white yellow, 
white, and pale brown), colony elevation (umbonate and 
rugose), and colony texture (powdery and cottony) 
(Widjajanti et al., 2023). The distribution of the obtained 
fungi was influenced by the exact location of plant tissues. 
Most fungi were found in leaves of CA, likely due to the 
proximity of the leaves to the ground and soil, which 
supports the penetration and colonization of endophytes. 
Conversely, in SP, most fungi were obtained from stems. 
This distribution may be attributed to the varying abilities 
of each endophyte species to utilize substrates or tissues to 
acquire resources from different parts of the plant.  

Based on the previous report, the fermentation method 
adopted in this study was used for effectively extracting 
secondary metabolites with antioxidants and anti-
melanogenic activity (Kim et al., 2021). According to 
Boukaew and coworkers, the preferred medium for 
biomass production is malt extract medium, particularly 
malt extract broth (MEB) which contains carbon and 

nitrogen sources, minimal salts, trace elements, and 
vitamins, with a suitable pH (Boukaew, Prasertsan, 2014). 
The obtained fungal biomass correlates with the mycelial 
morphology, the fermentation substrate, and the species of 
the fungal itself, while the type of fermentation might 
affect fungal morphology. For instance, in submerged 
fermentation, filamentous fungi may exhibit freely 
dispersed hyphae or form spherical agglomerates of 
hyphae known as pellets (Quintanilla et al., 2015).  

The mechanism of DPPH antioxidant screening is 
linked to the ability of anti-oxidants to transfer hydrogen. 
The odd electrons from the nitrogen atom on DPPH are 
reduced by accepting hydrogen atoms from anti-oxidant 
agents, forming 2,2-diphenyl-1-picrylhydrazine (Kedare, 
Singh, 2011; Liu et al., 2015). The disappearance of the 
deep purple color indicates the presence of anti-oxidants, 
as they dampen DPPH free radicals (Nath et al., 2014). 
Furthermore, the anti-oxidant activity is affected by 
methods, polarity of the solvent, extraction procedure, and 
purity of extracted compounds (Waisundara, Watawana, 
2014). The IC50 value of CA-Spg-LDp 1.2.2 is quite 
similar to the IC50 value of those obtained from the extract 
of CA plant as a host (Waisundara, Watawana, 2014). It 
indicates that this isolated endophytic fungal strain could 
be a potential agent in scavenging free radicals (Wang et 
al., 2023). The anti-oxidant activity of CA endophytic 
fungi is attributed to their secondary metabolites, such as 
flavonoids, tannins, coumarins, alkaloids, and steroids 
(Bhavana et al., 2020). These secondary metabolites 
donate electrons due to the presence of a chemical 
structure (β-ring conjugated) with several hydroxyl groups, 
facilitating the hydrogenation mechanism and reacting 
with oxidative free radicals. Consequently, these 
secondary metabolites are exploited by the host plant of 
CA to prevent oxidative stress and to protect biochemical 
functions from natural oxidants (Choudhary et al., 2011).  

The anti-tyrosinase activity screening finding is 
consistent with other study that optimized the extraction of 
kojic acid from fermentation of different species of fungi 
isolated from California, including Penicillium and 
Aspergillus (Couteau, Coiffard, 2016). Previous studies 
have shown that CA contains some significant 
components, including asiatic acid, asiaticoside, 
madecassic acid, and madecassoside which belong to the 
pentacyclic triterpenoids known as centelloids (Bylka et 
al., 2014; Kwon et al., 2014; Kwon et al., 2012). These 
substances have been recognized as effective skin 
moisturizers, antioxidants, whitening, agent, wound 
healers, anti-inflammation, anti-psoriatic, and anti-aging. 
Previous studies revealed that the water and ethanol (95%) 
extract of CA displayed tyrosinase inhibitory activity with 
inhibition values of 53.22% and 31.25%, respectively 
(Seo, Kim, 2019; Sungthong, Phadungkit, 2015). The 
active compound of asiaticoside in CA may be responsible 
in lowering the amount of melanin during the melanocyte 
formation by blocking the expression of tyrosinase mRNA 
(Kwon et al., 2014).  

The fungal identification result is consistent with prior 
publications that successfully amplified the ITS region 
using primers ITS1 and ITS4, with an expected size of 542 
bp (Wirya et al., 2020). Several researches showed 
endophytic fungi from Colletotrichum group produced 
bioactive compounds with anti-microbial, anti-oxidant 
(Gurgel et al., 2023), antidepressant, anti-inflammatory, 
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antioxidative, and anticancer activities (Chithra et al., 
2014). In addition to some of the activities mentioned 
previously, Colletotrichum sp. AP12 has been reported to 
promote growth andrographolide biosynthesis of medicinal 
plant Andrographis paniculata (Burm. f.) Nees (Xu et al., 
2023). Another species of Colletotrichum gloeosporioides 
isolated from Sonneratia apetala can produced secondary 
metabolites such as kojic acid which exhibited anti-
microbial properties (Nurunnabi et al., 2018) and also anti-
melanogenic activity (Happi et al., 2015). 

5. Conclusion 

We successfully isolated four endophytic fungi from 
CA and SP with high anti-oxidant and anti-tyrosinase 
activity from this result. Furthermore, one isolated with 
high anti-oxidant and anti-tyrosinase activity was 
molecularly identified using ITS rDNA, and the result 
showed that the selected isolate belonged to genus 
Colletotrichum and species Colletotrichum sojae. 
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Abstract 

In this work, the protoplast fusion technique was evaluated for its efficiency in transferring various biological products from 
parental strains to fusion produced ones. Bacillus thuringiensis was the principal parent in three different protoplast fusion 
processes. Three new bacterial strains were produced previously from protoplast fusion; B18 [Bacillus thuringiensis (Bt) x 
Bacillus subtilis 168 (Bs1)], C80 [Bacillus thuringiensis (Bt) x Bacillus lichiniformis (Bl)] and D27 [Bacillus thuringiensis 
(Bt) x Bacillus subtilis subsp. Spizizinii (Bs2)]. In this work, we aim to detect the non-ribosomal peptides (NRPS) encoding 
genes as important secondary metabolites involved in the biocontrol of several pathogenic diseases in plants in addition to 
protease, and chitinase known for their broad range of industrial applications. It was observed from the results that both 
fusions B18 and D27 revealed the highest number of products (two NRPs; surfactin and fengycin, protease and chitinase and 
two NRPs; surfactin and kurstakin, protease and chitinase) followed by C80 (two NRPs; lichenysin and kurstakin and 
protease), respectively. The produced strains showed moderate antagonism activity against Aspergillus aflatoxinformans and 
against Erwinia carotovora. Anti-insecticidal activity for the three Bacillus produced strains was evaluated against Agrotis 
ipsilon, whereas B18, D27 and B18 revealed a considerable toxic effect at higher tested concentrations (10%, 5%, and 
2.5%), causing 60%, 30% and 23% larvae mortality respectively. Also, D27 showed 56.67%, 26.67% and 20% larval 
mortality with the same concentrations, while C80 showed lower mortality at higher concentration (10%, 5%, and 2.5%), 
causing 40%, 20% and 16.67% larvae mortality. 

Keywords: Antifungal, Chitinase, Lepidopterous, NRPS, Protease, Protoplast fusion.  
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1. Introduction 

Lepidopterous is one of the most harmful pests in 
agriculture. It is known by the black cutworm Agrotis 
ipsilon (Hufnagel), (Lep., Noctuidae) which has a wide 
host range. This species can feed on nearly all vegetables, 
such as alfalfa, clover, cotton, rice, sorghum, strawberries, 
sugar beet, tobacco, and occasionally grains and grasses. It 
can also feed on almost any fruit. Black cutworm often has 
a clear predilection for weeds, and it will not attack crops 
until the weeds have been eaten. Adults use floral nectar 
for nutrition. Moths are particularly drawn to deciduous 
trees and shrubs, including linden, wild plum, crabapple, 
and lilac. Since most of its feeding occurs below soil level, 
the black cutworm is not thought of as a climbing 
cutworm. However, until roughly their fourth instar, larvae 
will feed aboveground. During their development, larvae 
can eat more than 400 sq cm of leaves, but more than 80% 
of this occurs during the terminal instar, and only about 
10% occurs in the instar just before the last (Boughton et 

al., 2001). Chemical pesticides are the major method for 
controlling A. ipsilon. There are significant issues with 
using synthetic insecticides to control agricultural pests in 
field crops, such as pesticide residues and insect pest 
resistance. Therefore, the search for chemical-free crops 
using environmentally friendly pest control techniques is 
critically required. The protoplast fusion is considered one 
of the most important genetic engineering techniques, 
which proved its efficiency in transferring some important 
biological microbial products (Mohamed et al., 2021). 

Bacillus thuringiensis is widely used as a pesticide to 
produce toxins of specific insecticidal activity kills insects 
by binding to and creating pores in the midgut membranes 
of insects. (Zhang et al., 2020). Bacillus spp. like (B. 
thuringiensis, B. subtilis, B. licheniformis, etc,.) produce 
diversity of lytic enzymes, such as chitinases, glucanases, 
lipases, proteases and various antibiotics (Bhagwat et al., 
2019). Proteases are biological macro-molecules known as 
simple destructive enzymes because of their broad range of 
catalytic, analytic, and applications in industry Neurath 
and Walsh, (2011). There are different types of proteases, 

https://doi.org/10.54319/jjbs/170412
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such as Alkaline serine protease (Yang et al., 2020) and 
metalloprotease (Zhang et al., 2023). Proteases target the 
defense molecules of the insect (Mukherjee and 
Vilcinskas, 2018). In addition to the promising mechanism 
of non-ribosomal peptide synthesis which considers a 
source of alternatives to chemical substances for different 
plant pathogens. This NRPS mechanism is responsible for 
producing a wide spectrum of NRPs using a multi-enzyme 
function system (synthetases) (Marahiel, 1997). Among 
these NRPs products are lipopeptide families produced by 
Bacillus strains, one of which is the surfactin that is 
considered an extraordinarily powerful biosurfactant due 
to its capability to decrease the water surface tension in 
addition to its role as a biological membrane detergent 
(Carrillo et al., 2003). It has a wonderful activity as 
antiviral, anti-mycoplasma, emulsifying and foaming 
(Peypoux et al., 1999). Surfactin has an amazing number 
of applications in different fields; biocontrol of plant 
diseases (Ongena and Jacques, 2008), medicine (Kowall et 
al., 1998), food preservation (Bie et al., 2005), cosmetics 
(Kanlayavattanakul et al., 2010), enhanced oil recovery 
(Schaller et al., 2004) and the bioremediation (Mulligan et 
al., 2001). Also, the iturin role was proven as antifungal 
against various plant pathogens, so it is widely used in 
plant diseases biocontrol (Leclere et al., 2005). Kurstakin 
is also one of the lipopeptide families (Jacques, 2011) 
which was discovered recently in 2000 from Bacillus 
thuringinesis and showed antifungal activity against 
Stachybotrys charatum (Hathout et al., 2000). Kurstakins 
are found accompanying bacterial cells, especially on 
spores, and the kurstakin production was evaluated to 15-
20 µg.mg-1 (Hathout et al., 2000; Abderrahmani et al., 
2011; Béchet et al., 2012). Generally, Bacillus spp. 
lipopeptides are well known for their role in plant-
pathogens biocontrol (Ongena and Jacques, 2008; Jacques, 
2011). Also, (Yu et al., 2023) confirmed that kurstakin 
contributes to the control of the plant-pathogenic fungi; 
Rhizoctonia solani, Ascochyta citrulline, fusarium 
graminearum and F. oxysporum. The fengycin family 
shows antifungal activity and has induction defense 
specific to certain pathogen systems or plant species; for 
example, fengycin does not induce defence system in 
grapevine (Farace et al., 2015; Li et al., 2019; Deleu et al., 
2008) but induces defense system in rice against 
Rhizoctonia solani (Chandler et al., 2015). This research 
aims to evaluate some biological products from three 
Bacillus strains produced by protoplast fusion to be used 
as alternatives to chemical substances in bicontrol. 

2. Materials and methods 

2.1. Bacterial strains 

Four wild type parental strains and three fusions were 
used in this study; Bacillus thurinigensis, Bacillus subtilis 
168, Bacillus lichineformis and Bacillus subtilis subsp. 
spizizinii (parental strains) and B18, C80, and D27 as 
fusions (Mohamed et al., 2016 and 2023) (Table 1). 
 Table 1. Parental strains and protoplast fusion produced strains 

Parental strains Produced strains by 
protoplast fusion 

Reference 

B. thurinigensis :: B. 
subtilis 168 

B18 

Mohamed et 
al., 2016 and 
2023 

B. thurinigensis :: B.  
lichiniformis 

C80 

B. thurinigensis :: B. 
subtilis subsp. spizizinii 

D27 

2.2.  Bacterial culture 

A single colony of each bacterium was cultured in 20 
ml of LB in a 100 ml conical flask (Pyrex, United States of 
America) by shaking in an orbital shaker (Thermo Fisher 
Scientific, United States of America) at 120 rpm for 18 h 
at 30°C.  

2.3. DNA isolation and PCR conditions  

DNAs were prepared using GeneJET Genomic DNA 
Purification Kit (Thermo scientific, USA). Degenerate 
primers used in this study were previously designed 
according to (Tapi et al., 2010; Abdelrahmani et al., 2012) 
and all used primers are listed in Table (2). NRPS 
degenerate primers were designed by the alignment of 
conserved motifs of the nucleic acid sequences identified 
in the adenylation domain (A) and the thiolation domain 
(T). PCR conditions were performed by initial step of 
denaturation at 94 ᵒC for 3 min, followed by 35 cycles of 
three steps; denaturation at 94 ᵒC for 30 sec, annealing step 
at 43 ᵒC, 44.4 ᵒC and at 58 ᵒC with surfactins, kurstakins 
and plipastatins, respectively. There was an extension step 
at 72 ᵒC for 2 min with plipastatins and kurstakins except 
with surfactins for 45 seconds, in addition to the final 
extension step at 72 ᵒC for 5 min. Protease detection PCR 
conditions are 95°C for 3 min; 35 cycles of 95°C for 
30sec, 50°C for 30 sec, and 72°C for 1 min and a final 
extension of 72°C for 10 min. Detection of chitinase gene 
PCR conditions; 94°C for 3 min; 35 cycles of 94°C for 
30sec, 48°C for 30 sec, and 72°C for 1 min and a final 
extension of 72°C for 10 min. PCR products were 
separated on a 1.2% agarose gel compared to Thermo 
Scientific Gene Ruler 100 bp DNA Ladder and 
photographed under Gel Doc™ XR+ Gel Documentation 
System.  
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Table 2. Degenerate primers used for non-ribosomal lipopeptides, protease and chitinase genes detection from fusion strains  

Name Sequence Expected fragment 
size (bp) 

NRLPs identified References 

AP1-F AGMCAGCKSGCMASATCMCC 
959, 929, 893 

Plipastatin Tapi et al., 
2010 TP1-R GCKATWWTGAARRCCGGCGG 

AS1-F CGCGGMTACCGVATYGAGC 419, 422, 424, 
431 

Surfactin Tapi et al., 
2010 TS1-R ATBCCTTTBTWDGAATGTCCGCC 

AKs-F TCHACWGGRAATCCAAAGGG 1125, 1152, 
1161, 1167, 
1173 

Kurstakin Abderrahmani 
et al., 2011 TKs-R CCACCDKTCAAAKAARKWATC 

Bspro-F ATGGTGGATTACGAACGTG 
1203 bp Bacillus Protease 

This study 

Bspro-R TTAACTGCCTAATTGGTCTG 
Bs ch-F GAATTCATGCGCAAATTTAATAAACCGCT 

1100 bp chitinase 
Berini et al., 
2018 Bs ch-R AAGCTTTTATTGAACGCCGGCGCT 

2.4. Fungi preparation  

For the two fungi (Aspergillus aflatoxiforman and 
Aspergillus flavus), PDA liquid media was used and 
incubated 7 days at 30 ºC. The fungi were spread on PDA 
solid media using swab, and the discs supplemented with 
fusion bacteria were put on the petri dishes using three 
replicates. All plates were incubated for 3 days at 30 ºC.  

2.5. Insect rearing 

Agrotis ipsilon (Hufnagel) (Insecta: Lepidoptera: 
Noctuidae) was raised in a lab without the use of any 
insecticides for multiple generations. Hatched larvae are 
put in plastic jars and allowed to feed on the leaves of the 
caster bean plant Ricinus communis L. The newly 
emerging adult moths were moved to oviposition jars that 
included cotton tufts that had been wet with honey solution 
for the moths to feed on.  

2.6. Bioassay  

To evaluate the efficacy of the three bacterial strains 
(B18, C80 and D27), they were generated at various 
concentrations (10, 5, 2.5, 1.25 %) by dilution with water. 
The third larval instar of A. ipsilon was used to examine 
the bacterial strains’ ability to eliminate insects. Using a 
dipping technique, the toxic effects of the tested botanicals 
were investigated. Caster bean plant leaf discs measuring 
10 cm in diameter were dipped in various concentrations 
for two minutes, allowed to dry at room temperature, and 
then provided to selected A. ipsilon larvae. The experiment 
was carried out in 10 replicates, each containing three 
larvae. Every day, the number of alive and dead larvae was 
counted after 25 days of feeding. 

2.7. Statistical analysis   
The LC50 values were determined by SPSS software 

using (Finney, 1971) Probity analysis approach. Duncan's 
test and one-way ANOVA were employed to analyze the 
statistical variance between groups. 

3. Results  

3.1. Detection of NRPs genes involved in the sequenced 
genome of Bacillus parental strains available on 
GenBank 

Bacillus parental strain genomes were analyzed by 
Anti-smash version 7.0 which allows rapid detection and 
analysis of biosynthesis gene clusters responsible for 
secondary metabolite production of bacterial and fungal 
genomes. Bacillus subtilis 168 genome analysis revealed 
the presence of three non-ribosomal lipopeptide gene 
clusters for surfactin, fengycin and bacillibactin and one 
polyketide-NRPs hybrid bacillaene. Other secondary 
products have been detected in the Bs 168 genome of 
different types: sporulation killing factor, sublancin, 
pulchemiminic acid, subtilosin and bacilycin (Table 3). 
This result agrees with (Kunst et al., 1997; Barbe et al., 
2009). Bacillus subtilis subsp spezizinii genome analysis 
showed the presence of three non-ribosomal lipopeptide 
gene clusters for surfactin, mycosubtilin and bacillibactin 
and one polyketide-NRPs hybrid bacillaene. Other 
secondary products have been detected for different types: 
subtilin, subtilosin and rhizocticin (Table 3) according to 
(Fan et al., 2011). By AntiSmash, two NRPs lipopeptide 
gene clusters were detected in B. thurinigensis genome, 
kurstakin and bacillibactin as reported by (Abderrahmani 
et al., 2011; Béchet et al., 2012). 
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Table 3. AntiSmash results for detecting NRPs clusters involved into genomes of Bacillus parental strains 
 

Strain 

 

Region 

 

Type 

 

From 

 

To 

Most similar 

known 

cluster 

 

Similarity  

 

B. subtilis str. 168 

AL009126.3 

Region 2 NRPS 358,303 421,744 surfactin 82 % 

Region 4 Polyketide+NRP 1,763,763 1,869,009 bacillaene 100 % 

Region 5 NRPS, betalactone 1,940,625 2,017,738 fengycin 100 % 

Region 9 NRP-metallophore 3,260,519 3,312,296 bacillibactin 100 % 

 

B. licheniformis 

CP000002.3 

 

Region 2 NRPS 359,133 424,266 Lichenysin 100 % 

Region 9 NRP-metallophore 3,698,288 3,750,032 Bacillibactin 100 % 

 

B. spizizenii str. 

W23 

CP002183.1 

Region 2 NRPS 345,342 408,676 surfactin 86 % 

Region 4 TransAT-PKS NRPS 1,721,226 1,826,452 Bacillaene 100 % 

Region 5 NRPS- betalactone- 

TransAT 

1,893,143 1,969,153 Mycosubtilin 100 % 

Region 8 NRP-metallophore, 3,043,946 3,096,063 Bacillibactin 100 % 

B. thuringiensis 

BMB171 

CP001903.1 

Region 3 NRP-metallophore, 2,184,326 2,236,074 Bacillibactin 100 % 

Region 5 NRPS 2,326,120 2,392,028  

Kurstakin 

 

100 % Region 6 NRPS- betalactone 2,409,777 2,435,015 

 
3.2. NRPs synthetase genes detection in Bacillus 
parental and fusion strains by degenerated primers 

The detection of NRPs genes responsible for 
lipopeptides biosynthesis in the previously sequenced 
genome strains available on GenBank was expected. 
Kurstakin biosynthesis was detected in B. thuringiensis 
strain with an expected fragment size of 1167 bp, while 
plipastatin and surfactin biosynthesis genes were identified 
in B. subtilis 168 with expected fragment size of 958 and 
424 bp respectively. The detection of lichenysin synthetase 
gene by both plipastatin and surfactin primers in B. 

licheniformis agrees with (Tapi et al., 2010; Abderrahmani 
et al., 2011) who established the kurstakin synthetase 
genes detection in B. thuringiensis using kurstakin AKs-
F/TKs-R primers and the efficiency of using surfactin 
degenerate As1-F/Ts2-R primers to detect surfactin 
synthetase genes in Bacillus subtilis. The strain B. subtilis 
subsp. Spizizinii amplified three fragments; 424 bp, 350 bp 
and 300 bp respectively with surfactin primers, whereas 
the fragment of 424 bp belongs to surfactin synthetase 
gene (Figure 1). 

Figure 1. Degenerate primers amplification for; a.  B. thuringiensis, B. subtilis 168, and B18; b. B. thuringiensis, B. lichineformis, and C80; 
c. B. thuringiensis, B. subtilis subsp. spizizinii, and D27 with kurstakin, plipastatin and surfactin primers respectively 
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The degenerate primers allowed us to detect the 
presence of both plipastatin and surfactin synthetase genes 
in B18 fusion, compared to their parental strains B. 
thuringiensis a harbouring kurstakin synthetase genes and 
B. subtilis 168 the surfactin and plipastatin harbouring 
synthetase genes (Figure 1. a). The fusion C80 was found 
to harbour the two synthetase genes of kurstakin and 
lichenycin (surfactin family), which have been transferred 

from both parental strains B. thuringiensis (kurstakin 
synthetase genes) and B. licheniformis (Lichenysin 
synthetase genes) (Figure 1. b). The fusion D27 was found 
to harbor kurstakin and surfactin synthetase genes which 
were transferred from their both parental strains B. 
thuringiensis (kurstakin synthetases genes) and B. subtilis 
subsp. Spizizinii (surfactin synthetases genes) (Figure 1c).  

 
Figure 2. Schematic dendogram for NRPS synthetase clusters transferred by protoplast fusion from parental strains B. thuringiensis and B. 
subtilis 168 to fusion strain B18 
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Figure 3. Schematic dendogram for NRPS synthetase clusters transferred by protoplast fusion from parental strains B. thuringiensis and B. 
subtilis spizizinii to fusion strain C80 

 

Figure 4. Schematic dendogram for NRPS synthetase clusters transferred by protoplast fusion from parental strains B. thuringiensis and B. 
licheniformis to fusion strain D27



 © 2024  Jordan Journal of Biological Sciences. All rights reserved - Volume 17, Number 4 699 

3.3. PCR detection of protease gene in the modified 
Bacillus strains  

Detection of protease gene was conducted in the 
parental strains B. thuringiensis (Bt), B. subtilis 168 (Bs1), 
B. subtilis subsp. Spizizinii (Bs2), and B. licheniformis (Bl) 
compared to the fusion B18 (Bt::Bs1), C80 (Bt::Bl) and 

D27 (Bt::Bs2). PCR has been implemented to detect the 
absence or presence of the protease gene in the three 
fusion strains and a fragment of 1203 bp of expected size 
was amplified. The protease gene was detected in the three 
fusion produced strains; B18 and parent 1(Bt::Bs1), C80 
(Bt::Bl) and D27 (Bt::Bs2) (figure 5a).

 

Figure 5. a. Protease; b. chitinase primers amplification for B. thuringiensis, B. subtilis 168, and B18, B. thuringiensis, B. lichineformis, and 
C80, B. thuringiensis, B. subtilis subsp. spizizinii, and D27. 

3.4. PCR detection of chitinase gene in the modified 
Bacillus strains 

Detection of chitinase gene in fusion strains was carried 
out by PCR and a fragment of 1100 bp was amplified. The 
chitinase gene appeared in the produced fusion strain B18 
and their parents (Bt::Bs1), while it disappeared in the 

fusion strain C80 (Bt::Bl) and one of their parental strains 
(Bl) and appeared in the other parent Bt. Finally, chitinase 
gene was detected in the fusion strain D27 (Bt::Bs2) and 
one of their parental strains (Bt), while it was absent in the 
other parent (Bs) (Figure 5b). 

Table 4. NRPs genes, protease and chitinase detected by PCR in Bacillus parental and fusion strains 

All detected NRPs products, protease and chitinase are 
summarized in Table 4 for the parental and fusion 
produced strains. It was observed that the three fusions 
B18 (surfactin, fengycin, protease and chitinase), D27 
(surfactin, kurstakin, protease and chitinase) and C80 
(lichenysin, kurstakin and protease) revealed the same 
number of products. 

3.5. Antifungal activity of parental and fusion produced 
strain against Aspergillus aflatoxinforman and 
Aspergillus flavus 

The three fusion bacteria showed moderate antagonism 
activity against A. aflatoxinforman, the strains E (B18 and 
D27) and G (B18, C80 and D27) (++) followed by C 
(D27), and F (C80 and D27) (+), while A (B18), B (C80) 
and D (B18 and C80) (-) compared to control (Figure 6A).  
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Surfactin Surfactin  Surfactin  Surfactin  Surfactin 

Fengycin or 
plipastatin 

Fengycin 
or 
plipastatin 

   Fengycin 
or 
plipastatin 

  

Lichenysin 
 Lichenysin    Lichenysin  

Kurstakin    Kurstakin  Kurstakin Kurstakin 

Mycosubtilin   Mycosubtilin     

Protease Protease Protease Protease Protease Protease Protease Protease 

Chitinase Chitinase   Chitinase Chitinase Chitinase Chitinase 

 4 2 3 3 4 4 4 
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These results may refer to a synergistic relationship 
between the strains (B18 and D27) and between (B18, C80 
and D27) and also refer to the effective role of the strain 
D27 compared to the other strains. On the other hand, no 
anti-fungal activity was detected whether with the parental 
strains or the fusion produced strains against Aspergillus 
flavus (Figure 6B). The two types of fungi secrete fungal 
toxins (aflatoxin) cause great harm to humans. Therefore, 
we resort to finding a solution for combating these fungi 
with beneficial bacteria capable of producing various non-

ribosomal peptides (NRPS) that have antifungal activity, 
such as (fengycin or plipastatin). 

3.6. Antibacterial Activity 

The three bacterial fusions (B18, C80 and D27) have 
revealed anti-bacterial activity against  Erwinia carotovora 
whereas the highest activity was shown with A, (B18) B 
(C80), D (B18 and C80) and E (B18 and D27) (+++) 
followed by F (C80 and D27) and G (B18, C80 and D27)  
(++), while C (D27) (+) compared with control as shown 
in figure (6C).  

Fungi name CONT A B C D E F G 
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Figure 6. Antifungal activity of the three bacterial fusions against; a. Aspergillus Aflatoxiformans and b. Aspergillus flavus and c. 
Antibacterial activity against Erwinia carotovora, A= (B18), B=(C80), C=(D27), D= (B18+C80), E= (B18, D27), F= (C80+D27), G= (B18, 
C80, D27)

3.7. Anti-insecticidal activity of the three Bacillus 
producing strains 

The data in Table 5 demonstrated the three tested 
bacterial strains have harmful effects on A. ipsilon third 
larval instar. B18 revealed a considerable toxic effect at 
higher tested concentrations (10%, 5%, and 2.5%), causing 

60%, 30% and 23% larvae mortality respectively, although 
D27 showed 56.67%, 26.67% and 20% larval mortality 
with the same amount of concentration, C80 showed lower 
mortality at higher concentrations (10%, 5%, and 2.5%), 
causing 40%, 20% and 16.67% larvae mortality. 

Table 5. Mortality (mean ± SE) of A. ipsilon 3rd larval instar after 25 days of treatment with three bacterial strains 

Concentrations B 18  C 80 D27 

10.00% 60.00 ± 10.00 a 40.00 ± 5.77 a 56.67 ± 3.33 a 

5.00% 30.00 ± 5.77 b 20.00 ± 5.77 b 26.67 ± 3.33 b 

2.50% 23.33 ± 3.33 b 16.67 ± 6.67 b 20.00 ± 5.77 b 

1.25% 6.67 ± 3.33 c 3.33 ± 3.33 b 6.67 ± 3.33 c 

control 0.00 ± 0.00 c 3.33 ± 3.33 b 0.00 ± 0.00 c 

F 22.10 8.54 36.50 

Sig. 0.00 0.00 0.00 

4. Discussion 

In this work, we exhibited the effectiveness of using the 
degenerated primers in detecting NRPs synthetase genes, 
which allowed us to get a near view into bacterial genomes 
side by side with bioinformatics tools, such as AntiSmash 

and PKS-NRPS analysis websites. The degenerated 
primers utilization for NRPs genes detection from un-
sequenced genomes became widely applied in several 
studies. (Marahiel, et al., 1997) designed primers based on 
the highly conserved motif A2 (KAGGAY) LV P for 
peptide synthetases. Another degenerate primer was 
designed by (Neilan et al., 1999; Vizcaino et al., 2005) 
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based on the adenylation domain conserved motif from 
various fungi and bacteria. Recently, the designation of 
these degenerated primers became more specific 
depending on bacteria genera. Bacillus degenerate primers 
for their NRPs encoding genes were designed by the 
alignment of the conserved nucleic acids sequence of both 
the adenylation and the thiolation domains (Tapi et al., 
2010; Chen et al., 2006). In this work, Bacillus degenerate 
primers (Tapi et al., 2010; Chen et al., 2006) proved their 
effectiveness in the detection of NRLPs clusters of 
surfactin,  (As1-F/Ts2-R primers), plipastatin (Ap1-R/Tp1-
R primers) in fusion B18, lichenysin  (As1-F/Ts2-R 
primers) and kurstakin (Aks-F/ Tks-R) from C80, surfactin 
(As1-F/Ts2-R primers) and kurstakin (Aks-F/ Tks-R) from 
strain D27. These results agree with (Tapi et al., 2010) 
who confirmed the amplification of fragments of 99% 
similarity with surfactin As1-F/Ts2-R primers from B. 
subtilis 168 and lichenysin from B. licheniformis ATCC 
14580 respectively. He also confirmed the amplification of 
fragment with plipastatin (Ap1-R/Tp1-R) primers from B. 
subtilis 168 similarly to plipastatin (99%). (Tapi et al., 
2010) also indicated that the Af2-F/ Tf1-R primers 
amplified a fragment similarly to bacillaene synthase of B. 
amyloliquefaciens FZB42 from B. subtilis ATCC6633, and 
of B. subtilis 168 (Chen et al., 2009; Al-shebly, 2022). 
Insect defense compounds are the focus of proteases, 
which break them down (Mukherjee and Vilcinskas 2018). 
Moreover, B. thuringiensis protoxin is implicated in the 
activation of these protoxins into dangerous forms; in this 
active state, the toxins bind to receptors on the intestinal 
epithelium in several insect groups as a result of the 
creation of oligomeric pores in the gut cell membrane of 
the larvae. Furthermore, the chitinase gene improved the 
behavior of the B. thuringiensis strain (Bravo et al., 2017) 
However, in response to R. Speratus, Bacillus 
licheniformis secretes hydrolytic enzymes called protease 
and chitinase, which break down the cuticle layers of 
insect pests' exoskeletons of subterranean worker termites 
(Moon et al., 2023). Notably, repurposing chitinase to 
restrict or eliminate pests can prevent soil contamination 
that could harm the ecosystem. As an example, Rostami et 
al. demonstrated chitinase on the spore as a possible 
biopesticide by fusing it with the B. subtilis spore coat 
protein CotG (Hosseini et al., 2016; Rostami et al., 2017). 
Protease used in plant defense against herbivory offers 
particular promise for the production of insect-resistant 
transgenic plants in the future. In the era of genomes and 
transcriptomics, a more efficient knowledge of the biology 
of virulence factors may facilitate the discovery of 
prospective proteases for application in pest control (Negi 
et al., 2023). It was discovered that the BG strains carry 
the genes for the ChiA and ChiB belonging to the GH18 
(glycoside hydrolase) family and exert endochitinase 
activity (Drewnowska et al., 2020 ). Chitinases play a role 
in the pathophysiology of B. thuringiensis in insects since 
they break down the peritrophic membrane, which is 
composed of chitin and protects the insect gut from 
hazardous substances and toxins. In addition, chitinases 
are used to strengthen the defenses of genetically modified 
crops against pests (Berini et al., 2018). Therefore, the 
presence of genes encoding chitinolytic enzymes in BG 
strains increases insecticidal activity. On the other hand, 
Zhang et al., 2019, found that 558 midgut genes and 65 
midgut genes are differently expressed in Vip3Aa11-M-A 

and Vip3Aa39-M-A respectively. Agrotis ipsilon midgut 
BBMV can be competitively bound by the Vip3Aa protein 
due to its trypsin sensitivity and binding specificity.   
However, Yan et al. in 2020 evaluated the effectiveness of 
three (C010, C009 and C008) GM maize juveniles 
expressing Vip3Aa19 toxins against BCW and evaluated 
the susceptibility of BCW neonates to 11Bt toxins, 
namely, Cry1Ab, Cry1Ac, Cry1Ah, Cry1F, Cry1Ie, 
Cry1B, Cry2Aa, Vip3_ch1, Vip3_ch4, Vip3Ca2, and 
Vip3Aa19. Vip3Aa19 was the most active protein against 
BCW (LC50 = 0.43 μg/g) according to the bioassay data of 
toxin diet. Less toxic chimeric proteins were Cry1F (LC50 
= 83.62 μg/g), Vip3_ch1 (LC50 = 5.53 μg/g), and Cry1Ac 
(LC50 = 184.77 μg/g). The biological activity of six 
various heterologous pesticidal proteins—Cry1Aa, 
Cry1Ca, Cry1Ia, Cry2Ab, Cry9Ea, and Vip3Aa produced 
by B. thuringiensis have been evaluated against A. 
exclamationi histopathologically (Baranek et al., 2023b).  
Among the examined pest species, only Cry9Ea and 
Vip3Aa exhibited considerable mortality, with LC50 
values of 950 and 140 ng/cm2 respectively. It was 
established how Cry9Ea and Vip3Aa affected A. 
exclamationis histopathologically. However, most 
currently used B. thuringiensis-based biocontrol agents 
(including the commercial strains tested in this work) 
primarily contain Cry1- and Cry2-type toxins as their 
active molecules. These toxins only cause varying degrees 
of growth inhibition in the target insect, not death. 
(Baranek et al., 2023a) demonstrated the presence of 
genetic determinants encoding the chitinolytic enzymes 
ChiA and ChiB in the examined entomopathogens. The 
examined strains exhibit insecticidal activity against two 
different, economically significant pest insects: 
Spodoptera exigua Hübner (Lepidoptera: Noctuidae) and 
Cydia pomonella L. (Lepidoptera: Tortricidae). When it 
comes to both pests, however, the BG12 and BG15 strains 
are noticeably more active than the BG11 strain. The 
strains BG12 and BG15 have the potential to be utilized in 
the development of novel lepidopteran-active 
bioinsecticides that will enhance current biocontrol 
approaches.  

5. Conclusion 

The protoplast fusion is considered one of the most 
important genetic engineering techniques, which proved its 
efficiency in transferring some important biological 
microbial products. In this study, we checked the 
transferring of various secondary metabolites, such as 
protease chitinase and NRPS, using bioinformatics and 
PCR techniques. The newly produced fusions proved their 
antifungal, antibacterial and anti-insecticidal activities. 
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Abstract 

Nowadays, bacteria become resistant to different types of drugs posing a significant global health challenge; therefore, 
scientists are constantly searching for new alternatives to combat them. Algae have been recognized as a significant supply 
of biological components and have the capacity to function as valuable resources in the fight against bacterial infections. 
This investigation assessed the activities of two types of blue-green algae against multidrug resistant pathogenic 
Pseudomonas aeruginosa and Staphylococcus aureus. The efficacy of three solvents (water, diethyl ether and acetone) 
utilized in the extraction of two algae, Chlorella vulgaris and Spirulina platensis, was tested to show the effectiveness on 
both bacterial virulence and quorum sensing genes on the level of expression. Results emphasized that acetone and diethyl 
ether fractions of Chlorella vulgaris were effective at 25mg/ml. However, both tested pathogenic bacteria showed more 
resistance against Spirulina platensis fractions. Biofilm formation by Staphylococcus aureus was reduced significantly by 
diethyl ether fraction of Chlorella vulgaris, while the reduction of formation of biofilm in Pseudomonas aeruginosa was 
more efficient by Spirulina platensis acetone fraction. MvfR and ndvF genes of Pseudomonas aeruginosa downregulated 
when treated with diethyl ether fraction of both Chlorella vulgaris and Spirulina platensis. Interestingly, all algal extracts 
showed a remarkable effect on icaC, hla and RNAIII genes of Staphylococcus aureus. According to the findings, algal 
extracts can be utilized to interrupt growth and encourage the creation of biofilms and pathogenicity, downregulation of QS-
related and biofilm-associated genes in MDR strains.  

Key words: algal extract, antibiotic resistance, quorum sensing, virulence. 
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1. Introduction 

Antibiotics were introduced in the last century, and 
they are considered as one of the most significant medical 
innovations ever (Ghosh et al., 2020). Antibiotics, which 
were discovered more than seventy years ago, saved 
countless lives by treating bacterial diseases that were 
previously fatal (Uddin et al., 2021, Laws et al., 2019, 
Ventola, 2015). Antibiotic resistance has developed due to 
the overuse of antimicrobials for an extended period of 
time as well as the excessive use of these medicines, 
inadequate infection control measures, and a lack of 
innovation in pharmaceutical development research 
(Aslam et al., 2021, Ventola, 2015). In 2019, the 
agency World Health Organization (WHO) released a 
report stating that antimicrobial resistance was responsible 
for a minimum of at least 700,000 deaths worldwide 
annually. If this current situation is not addressed, it is 
predicted that by 2050, the number would increase to 10 
million (Nji et al., 2021). The proliferation and 
dissemination of drug-resistant pathogens in countries with 
low to middle- income levels may have detrimental 

consequences for public health (Van Boeckel et al., 2019).  
Given that over 70% of pathogenic bacteria exhibit 
resistance to at least one kind of antibiotic, it is imperative 
to develop innovative techniques to tackle this worldwide 
problem (Laws et al., 2019 , Uddin et al., 2021). Reducing 
the harmful effects of bacteria by focusing on the quorum 
sensing (QS) offers a possible alternative for inhibiting or 
suppressing the proliferation of disease-causing bacteria 
(Tang et al., 2020). QS is a mechanism by which 
microorganisms communicate with each other through the 
activation of multiple genes, primarily those that are 
involved in biofilm formation and virulence factors 
synthesis. The control of this process relies on the 
formation and detection auto-inducers, which are signals 
that depend on population density. Further, as a possible 
new treatment approach for bacterial infections, "quorum 
quenching" is being studied. This term describes the 
interruption of signaling in several biological processes 
(Fleitas Martínez et al., 2019). Several plants exhibited a 
quorum quencher behaviors against pathogenic bacteria, 
for instance thyme and cinnamon  (Ahmed et al. , 2023). 
Furthermore, recently nanoparticles have also been 

https://doi.org/10.54319/jjbs/170413


 © 2024  Jordan Journal of Biological Sciences. All rights reserved - Volume 17, Number 4 706 

reported to work as anti -bacterial QS agents as conveyed 
by Hasan and Ahmed (2023).  

Microbial biofilm development, swarming, and 
maturity are all dependent on the QS system. During the 
formation of a biofilm, cellular communication initiates as 
chemical signaling reaches a particular concentration 
threshold. The chemical signals stimulate the production of 
substances outside the polymer, which triggers the 
activation of genes responsible for virulence and 
infectiousness. Biofilms consist of a wide range of bacteria 
that adhere to surfaces, generate an extracellular matrix 
using polymeric substances, and become embedded within 
it. The QS behavior of biofilm-linked bacteria contributes 
to multidrug resistance (Boominathan et al., 2022).  Algae 
are nonvascular, photosynthetic plants that inhabit a 
variety of aquatic environments, their bioactive 
compounds possess antimicrobial activity (Toma and Aziz, 
2023). Both Chlorella vulgaris and Spirulina platensis are 
unicellular, freshwater organisms that contain bioactive 
substances like proteins, vitamins, sterols, pigments, long-
chain polyunsaturated fatty acids, and other substances 
(Hussein et al., 2018). Methicillin-resistant Staphylococcus 
aureus (MRSA) is the most prevalent pathogen in humans. 
It forms biofilms which significantly increase the risk of 
morbidity and mortality from infections acquired in 
hospitals and communities. S. aureus, an opportunistic 
pathogen, might potentially lead to a variety of diseases, 
such as endocarditis, acute respiratory infection, 
septicemia, osteomyelitis, and skin and soft tissue lesions. 
The majority of the pathogenicity-related gene regulation 
in S. aureus occurs via the action of small RNA and 
RNAIII, which are part of the agr quorum-sensing system 
(Huntzinger et al., 2005). RNAIII is a significant small 
regulatory RNAs (sRNAs) which regulates the expression 
of genes by binding to target mRNAs in an antisense 
manner (Gupta et al., 2015). S. aureus produces additional 
virulence factors, including exotoxins like alpha-
hemolysin (also referred to as α-toxin) that is directed by 
hyl gene (Chen et al., 2015). The establishment of  biofilm 
by pathogens is the primary determinant in the long-lasting 
nature of chronic infection (Guilhen et al., 2017). The 
major obstacle to effectively treating S aureus infections is 
the formation of biofilm, which highlights the bacteria’s 
resistance (Lee et al., 2020). The production of 
polysaccharide intercellular adhesin (PIA) and an export 
protein, known as IcaC, regulate biofilm development in S. 
aureus. The production of PIA is facilitated by proteins 
that are encoded by the ica ADBC operon, which is 
located within the ica locus (Cramton et al., 1999). 
Pseudomonas aeruginosa, an opportunistic pathogen, can 
grow biofilms on a wide range of substrates, allowing 
bacteria to adhere to and proliferate on medical equipment. 
The high rate of morbidity and mortality among 
hospitalized patients is attributed to this factor (Lalancette 
et al., 2017, Maurice et al., 2018). The generation of 
biofilms is influenced by multiple genetic mechanisms, but 
not in the growth of planktonic cells during the 
exponential phase paraphrase the second part after the 
comma with linking it with this paraphrased first part, 
though these same mechanisms do not affect the growth of 
planktonic cells during the exponential phase. The rise of 
biofilm resistance in P. aeruginosa is facilitated by these 
mechanisms as well. The gene ndvB is essential for one of 
these pathways through an unidentified mechanism 

(Beaudoin et al., 2012). The virulence factor 
transcriptional regulator MvfR, encoded by mvfR, is 
essential for full virulence in P. aeruginosa. It facilitates 
the production of 4-hydroxy-2-alkylquinolines (HAQs), 
including the quinolone signal, PQS (pseudomonas 
quinolone signal), and regulates several QS-controlled 
virulence factors (Déziel et al., 2005, Xiao et al., 2006). 
MvfR represents a valuable target for treating the majority 
of infections associated with P. aeruginosa. This is 
because it regulates the virulence functions that are crucial 
for both acute and long-term infections (Kitao et al., 2018, 
Cao et al., 2001). On top of that, it produces phenazines, 
which are redox-active pigments that have the ability to 
change antibiotic susceptibility through their effects on 
metabolic flux, redox balancing, and gene expression 
(Price-Whelan et al., 2007). The research aims to assess 
the influence of algal extracts on the expression of QS, 
virulence and biofilm-related genes in pathogenic bacteria 
that are resistant to multiple drugs.  

2. Materials and techniques 

2.1.  Algal gathering and identification 

In the current study, samples taken from springs in the 
Shaqlawa district (Aquban and Sarkand villages), which 
are positioned 32 kilometers to the northwest of Erbil city, 
were found to contain Spirulina platensis and Chlorella 
vulgaris.  The taxonomic determination of both algal 
species was established by analyzing their morphological 
characteristics using several scientific keys for algal 
identification (Brook et al., 2011, Wehr et al., 2015).  

2.2. Algae species isolation 

The necrotic sections of algae samples were excised. 
The algae samples were separated and purified using the 
plate technique method. This method involves placing a 
tiny bit of the diluted microbial mixture into the middle pf 
a petri dish. While the petri dish is being spun, a sterile L-
shaped bent glass rod is used to spread it evenly over the 
surface. As the procedure progresses, the curved glass rod 
deposits individual cells onto the agar surface. After that, a 
glass container was used to incubate the algae sample. 
Algal growth was achieved using BG-11(HI Media 
Laboratories, PvtLtd-India) medium in a glass container 
with the medium volume of 5 liters. Subsequently, the 
specimens were subjected to a 14-day incubation period at 
a temperature of 25 ± 2°C. During this period, they were 
exposed to a light intensity ranging from 3000 to 5000 lux 
for 16 hours in the light and 8 hours in the dark. The pH 
level during the incubation was maintained at 8.2. In order 
to obtain algae species that are free from impurities, this 
procedure was carried out more than once. After that, the 
resultant product was placed in an incubator with 25 ml of 
BG-11 medium and left to incubate for 14 days under 
identical conditions in order to generate an algal inoculum. 
The moss was isolated using streak plating method 
(Hussein et al., 2018). 

2.3. Preparation of biomass and harvesting  

A 100 ml beaker containing BG-11 medium was 
supplemented with 25 ml of isolated algae, which were 
then incubated for 14 days under the same conditions as 
previously. Following that, the culture medium was moved 
to a 500 ml glass beaker containing 100 ml of BG-11 
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medium. After that, it was kept for an additional 14 days 
during incubation. These procedures were repeated until 
the algae growth in the container, which was covered with 
cotton swabs, reached a volume of 4 liters. At this stage, 
rubber was utilized to provide air (Richmond, 2008). The 
algae mass was collected on day 20 by centrifuging it for 
ten minutes at 4000 rpm (Elnabris et al., 2013). Afterward, 
the algae samples were cleaned in sterile water and dried 
in an oven maintained at a temperature range of 38 to 
40°C. Weighed samples of algae were then stored in a 
refrigerator (Hassan et al., 2020). 

2.4. Bacterial isolates and sources 

A total of 20 clinical strains of P. aeruginosa and S. 
aureus were gathered from various microbiology 
laboratories in the hospitals of Erbil city, located in 
Kurdistan, Iraq. The clinical isolates of S. aureus were re-
cultivated on Mannitol salt agar and Blood agar (Merck, 
Germany), while P. aeruginosa was cultured on Cetrimide 
agar (acumedia, Germany). Plates were incubated 
aerobically overnight at 37ºC. In order to identify the 
individual colonies, a variety of biochemical and 
conventional diagnostic assays were conducted using 
previously established standard methods: catalase, 
coagulase, DNase and hemolysin tests on blood agar for 
identifying S. aureus and oxidase, catalase, motility and 
pigment production assays for identifying P. aeruginosa  
(Tille, 2021), The bacterial isolates were verified using the 
automated Vitek 2 system (BioMérieux, France) and kept 
at 4°C and 70°C in nutrient broth with 25% glycerol for 
future research purposes. The method of disc diffusion was 
utilized to determine the antibiotic sensitivity of strains of 
bacteria, this method was uesd in accordance with 
established guidelines set by the Laboratory and Clinical 
Sciences Institute (CLSI) (CLSI, 2022). Ciprofloxacin 
(5μg), ceftaroline (30μg), chloramphenicol (30μg), 
clindamycin (10μg), gentamicin (10μg), linezolid (10μg), 
oxacillin (30μg), penicillin (10μg), rifampicin (15μg) and 
trimethoprim/sulfamethoxazole (20μg) from Oxoid/UK 
company were used for S. aureus. Amikacin (30μg), 
cefepime (10μg), ceftazidime (10μg), ciprofloxacin (5μg), 
colistin (15μg), imipenem (30μg), meropenem (30μg), 
piperacillin (10μg) and tobramycin (30μg) from Oxoid/UK 
company were used for P. aeruginosa. The isolates with 
the highest resistance were chosen to evaluate inhibitory 
capacity of the algal extracts. Two independent samples 
were examined at various time points.  

2.5. Algal extracts preparation  

An 8-hour soxhlet extraction was performed using 300 
ml each of water, diethyl ether and acetone to extract 
approximately 30 grams of finely ground powder. A 
duration of approximately three days of incubation at a 
temperature of 37°C is required to facilitate the 
evaporation of the extracted products. The extracts were 
dissolved in dimethyl sulfoxide (DMSO).  A volume of 5 
ml of DMSO was used to dissolve 1 g of each extract, 
resulting in a stock solution with a concentration of 200 

mg/ml. The samples were then stored at -4°C until they 
were used (Pina-Pérez et al. , 2017). 

2.6. Minimum inhibitory and sub-inhibitory 
concentrations 

The algal extracts were tested against the clinical 
specimens of P. aeruginosa and S. aureus using broth 
microdilution method to determine the minimum 
inhibitory concentration (MIC) of the algal extracts 
(Wiegand et al., 2008). A 96-well polystyrene microtiter 
plate (MTP) was filled with 100 µL of nutrient broth (NB) 
containing extracts at concentrations ranging from 0 to 50 
mg/ml, and 10 µl of stationary phase cells with an OD550 
of 0.5. At 37°C, the aerobic cultures were incubated for 
one day. The MIC was established as the minimum 
detectable concentration. The MIC was established as the 
minimum detectable concentration. The evaluation of anti-
biofilm and anti-virulence characteristics within bacterial 
isolates involved considering concentrations below the 
minimum inhibitory concentrations (MICs), known as sub-
inhibitory concentrations (SICs). Three biological samples 
were analyzed at different occasions.    

2.7. Sub-MIC impact of algae extracts on bacterial 
strains' biofilm 

The impact of algal extract on the production of biofilm 
was evaluated using polyvinyl chloride biofilm formation 
assay. Briefly, 24-hour cultures of the isolates of 
P.aeruginosa and S. aureus were re-suspended in new 
and fresh NB medium and cultivated at 37 °C for a full day 
in a static environment, both with and without SICs of the 
algal extract. After removing the liquid cultures from the 
plate wells, PBS was used three times to rinse the wells. A 
solution of 1% crystal violet dye was added to the biofilm, 
and then the extra dye was washed away with distilled 
water. The dye was subsequently dissolved with ethanol.  
The binding affinity to an abiotic surface was measured 
using an Elisa reader (Epson, Biotek, UK) at a wavelength 
of 490 nm (Ismaeil & Saleh, 2019). The standard error was 
calculated after three biological specimens were subjected 
to separate analysis. 

2.8. Extracting the RNA and quantifying of QS and 
biofilm-associated genes 

Algal extracts at SIC values were assessed using real-
time polymerase chain reaction (PCR) for their impact on 
the expression levels of  the icaC, hla, and RNAIII genes 
of S. aureus, and the ndvr, phzf, and mvfr genes of P. 
aeruginosa. The manufacturer's instructions were followed 
to extract total RNA from bacteria exposed to the plant 
extract as well as from untreated bacteria that were utilized 
as a control (Total RNA Kit, Favorgen Biotech, Taiwan). 
The AddScript cDNA synthesis kit was used to reverse 
transcribe the isolated RNA into cDNA in accordance with 
the manufacturer's instructions. RealQ Plus 2x Master Mix 
Green (Ampliqon, Denmark) was used to produce RT-
PCR reactions in the PCRmax Eco 48 RT-PCR device. 
Candidate genes were analyzed by qPCR using the primer 
sequences listed in table (1), and the results were estimated 
using ΔCt technique (Livak and Schmittgen, 2001). 
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Table 1. A list containing the genes and the corresponding primer sequences 

Gene Primer Sequence (5′–3′) 

Ref. Frontward Reversal 

ndvr GGCCTGAACATCTTCTTCACC GATCTTGCCGACCTTGAAGAC (Ismail and Altaai, 2021) 

Phzf AACTCCTCGCCGTAGAAC ATAATTCGAATCTTGCTGCT (Nowroozi et al., 2012) 

mvfr GTTTCGACGAATGCTCGGTTG GACAAGGTGCTCTTCGTGGA (Faisal et al., 2020)      

RNAIII TTTATCTTAATTAAGGAAGGAGTGA TGAATTTGTTCACTGTGTCG (Bezar et al., 2019) 

hla GTACAGTTGCAACTACCTGA CCGCCAATTTTTCCTGTATC (Bezar et al., 2019) 

icaC CATGAAAATATGGAGGGTGG TCAAACTGATTTCGCCCACCG   (Gowrishankar et al., 2016) 

2.9. Statistical Analysis 

The obtained data were analysed using Graph-pad 
Prism 8.0 software. One-way analysis of variance 
(ANOVA) method was employed to conduct multiple 
comparisons.  The data are presented as mean±SE. 

3. Results  

The effect of algal extracts on MDR pathogens was 
determined by measuring the MIC using the MTP method. 
The results demonstrated that the most effective fraction 
was Chlorella vulgaris extracted by acetone against S. 
aureus, showing an MIC of 25 mg/ml (Table 1). In 
contrast, the most potent extract against P. aeruginosa was 
the diethyl ether fraction of Chlorella vulgaris, with an 
MIC of 25 mg/ml (Table 2). 
Table 1. Minimum Inhibitory Concentrations (MICs) and Sub-
MICs of Chlorella vulgaris and Spirulina platensis extracts 
against Staphylococcus aureus   

Ch-1; aqueous, Ch-2; diethyl ether, Ch-3; acetone extract of 
Chlorella vulgaris, S-1; aqueous, S-2; diethyl ether, S-3; acetone 
extract of Spirulina platensis 

Table 2. Minimum Inhibitory Concentrations (MICs) and Sub-
MICs of Chlorella vulgaris and Spirulina platensis extracts 
against Pseudomonas aeruginosa   

 Algal extracts MIC(mg/ml) SIC(mg/ml) 

Ch-1 45 30 

Ch-2 25 15 

Ch-3  30 20 

S-1 45 30 

S-2 35 25 

S-3 40 30 

Ch-1; aqueous, Ch-2; diethyl ether, Ch-3; acetone extract of 
Chlorella vulgaris, S-1; aqueous, S-2; diethyl ether, S-3; acetone 
extract of Spirulina platensisAccording to our data, all fractions of 
Chlorella vulgaris demonstrated a significant decrease in the 
amount of biofilm in both tested bacteria (S. aureus & P. 
aeruginosa), as shown in figures (1 & 2). 

 
Figure 1. An enumerative analysis of the reduction in S. aureus 
biofilm caused by SICs of algal extracts, measured by absorbance 
at 490 nm. Data are presented as mean±SE. **Significance at P≤ 
0.01. Ch-1; diethylether, Ch-2; acetone, Ch-3; aqueous extract of 
Chlorella vulgaris. 

 
 

Algal extracts MIC(mg/ml) SIC(mg/ml) 

Ch-1 40 30 

Ch-2 30 20 

Ch-3  25 15 

S-1 40 30 

S-2 30 15 

S-3 35 20 
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Figure 2. Quantitative assessment of P. aeruginosa biofilm 
suppression using SIC of algal extracts, measured by absorbance 
at 490 nm. Data are presented as mean±SE. *Significance at P≤ 
0.05, **Significance at P≤ 0.01. Ch-1; diethylether, Ch-2; 
acetone, Ch-3; aqueous extract of Chlorella vulgaris.Furthermore, 
the fractions of Spirulina platensis exhibited a significant decrease 
in developing a biofilm in both tested bacteria (Figures 3 & 4).  

 
Figure 3. Quantitative assessment of S. aureus biofilm 
suppression using SIC of algal extracts, measured by absorbance 
at 490 nm. Data are presented as mean±SE. *Significance at P≤ 
0.05, **Significance at P≤ 0.01. S-1; diethylether, S-2; acetone, S-
3; aqueous extract of Spirulina platensis

 

Figure 4. Quantitative assessment of P. aeruginosa biofilm 
suppression using SIC of algal extracts, measured by absorbance 
at 490 nm. Data are presented as mean±SE. ***Significance at P≤ 
0.001, ****Significance at P≤ 0.0001. S-1; diethylether, S-2; 
acetone, S-3; aqueous extract of Spirulina platensis.The gene 
expression results showed that fractions of Chlorella vulgaris had 
different impacts on the downregulation of biofilm and QS genes 
in P. aeruginosa & S. aureus. This is illustrated in figures (5 & 6), 
with a particular impact observed on the MvfR gene in P. 
aeruginosa and icac, hla & RNAIII genes in S. aureus. Moreover, 
the fractions of Spirulina platensis suppressed the expression of 
genes associated with both biofilm formation and QS, specifically 
the ndvF gene in P. aeruginosa and the icaC and hla genes in S. 
aureus (Figures 7 &8).  

 

Figure 5. Transcriptional profiles of ndvF, mvfR and phzF genes in P. aeruginosa strains after exposure to Chlorella vulgaris SICs extracts. 
RT-PCR was utilized to calculate the transcriptional profiles. Ch-1; diethylether; Ch-2; acetone; Ch-3; Chlorella vulgaris aqueous extract.
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Figure 6. Transcriptional patterns of S. aureus isolates treated with SICs of Chlorella vulgaris extracts in terms of icaC, hla, and RNAIII 
gene expression. By using RT-PCR, transcriptional profiles were quantified. Ch-1; diethylether; Ch-2; acetone; Ch-3; Chlorella vulgaris 
aqueous 
extract.

 
Figure 7. Transcriptional patterns of P. aeruginosa isolates treated with Spirulina platensis SICs for the ndvF, mvfR, and phzF genes. By 
using RT-PCR, transcriptional profiles were quantified. S-1; diethylether; S-2; acetone; S-3; Spirulina platensis aqueous extract. 

 
Figure 8. Transcriptional patterns of S. aureus isolates treated with Spirulina platensis extract-derived SICs for the icaC, hla, and RNAIII 
genes. By using RT-PCR, transcriptional profiles were quantified. S-1; diethylether; S-2; acetone; S-3; Spirulina platensis aqueous extract.

4. Discussion  

Drug resistance is currently recognized as a serious 
issue that threatens not just worldwide health but food 
security and development as well (Nji et al., 2021).  S. 
aureus and P. aeruginosa are both antibiotic-resistant 
bacteria that generate concerns for human health. (Harding 
et al., 2018).  

It has been proven that natural products possess a more 
potent effect on the pathogenicity of bacterial infections 
compared to traditional bacteriostatic or bactericidal 
medications. As a result, new methods for treating 
bacterial infections were developed. In order to combat 
diseases that do not respond to standard therapies, it is 
worth investigating the direct impact on the genes that 

control virulence activation in a more direct manner (Jiang 
et al., 2019). Instead of focusing on bactericidal and 
bacteriostatic methods, researchers have begun to 
investigate whether QS inhibitory techniques can reduce 
bacterial pathogenicity in the face of multidrug-resistant 
bacteria (Yang et al., 2015). 

One can effectively reduce the factors that contribute to 
bacterial infections by using a method that involves 
regulating bacterial QS signaling with QS-targeted 
substances. In recent times, there has been an increasing 
curiosity in a unique treatment that does not rely on 
antibiotics. This treatment has gained attention due to its 
capacity to prevent infection, inhibit the expression of 
genes linked to pathogens and reduce the likelihood of 
bacterial cells developing drug resistance (Jiang et al., 
2019). 
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The search for remedies that are natural using 
innovative methods to prevent and/or treat life-threatening 
diseases maybe driven by the maritime environment, 
which is abundant in biodiversity  (Guzzo et al., 2020). It 
is believed that marine organisms like algae could provide 
a variety of bioactive chemicals that could be used to 
combat the growth of antibiotic-resistant bacteria and 
inhibit biofilm formation.  

Consequently, the objective of this study was to 
evaluate the antibacterial efficacy of two distinct types of 
algae, such as Spirulina platensis and Chlorella vulgaris, 
and to determine how they affect the virulence and QS-
related genes at the level of expression. Results showed 
that the best MICs of extracts from Chlorella vulgaris and 
Spirulina platensis against S. aureus were 25 mg/ml and 
30 mg/ml, respectively, for acetone and diethyl ether 
extracts (Table 1). The highest MICs for each of Chlorella 
vulgaris and Spirulina platensis extracts against P. 
aeruginosa were observed with diethyl ether (25mg/l and 
35mg/l, respectively) (Table 2). The antibacterial 
properties of medications derived from these algae species 
offer some unique benefits in preventing bacterial growth, 
thereby enhancing vector infection control without any 
adverse effects (Syed et al., 2015). Many researchers have 
deduced the effective antimicrobial action of blue-green 
algae extracts against different pathogenic bacteria; most 
compounds derived from these genera are expected to be 
considered as antimicrobials for medical use, as they are 
safe for human health and the environment in which they 
live (Marrez et al., 2021). In addition, the data of this 
research demonstrate that the inhibitory action of 
Chlorella vulgaris extracts was much greater than that of 
Spirulina platensis extracts. This could be due to 
variations in the concentration and purity of the chemical 
substances found in each, as was demonstrated by previous 
research (Alghanmi and Omran, 2020).  

Globally, a wide range of pathogenic bacteria present 
in the environment and possess the ability to form 
biofilms. Biofilms are physiological states where bacteria 
attach to a substrate by the formation of a DNA-, 
polysaccharide-, and protein-based extracellular matrix  
(Tsuneda et al., 2003). Hence, the development of 
bacterial biofilms is regarded as critical determinant in the 
pathogenicity of infections, since these biofilms provide 
comprehensive shielding from both the host immune 
system and the desired impact of therapeutic drugs (Vestby 
et al., 2020). The findings of reduced biofilm formation 
with extracts from both Chlorella vulgaris and Spirulina 
platensis against both bacterial strains are promising. With 
an 86% reduction in biofilm formation for S. aureus and 
an 81% reduction for P. aeruginosa, the acetone extract of 
C. vulgaris demonstrated the highest efficacy among the 
extracts. Consistent with previous studies that examined 
algal extracts against these bacteria, these results indicate 
that they are effective. An example of this is the 79% and 
82% reduction in biofilm formation for P. aeruginosa and 
S. aureus, respectively, that was observed in a study using 
the methanol extract of C. vulgaris (Afzal et al., 2023). 
Another study revealed that the ethyl acetate extract 
derived from Spirulina sp. exhibited a significant reduction 
of 85% in biofilm formation by S. aureus and 80% by P. 
aeruginosa (Monteiro et al., 2021). 

The study evaluated how algal extracts affect the 
expression levels of genes associated with biofilm 

development and QS, processes regulated by various 
signaling molecules in bacteria. The data showed that the 
extracts decreased the expression of genes associated with 
these processes in both bacterial species. Specifically, 
genes such as MvfR and ndvr in P. aeruginosa, and icac, 
hla, and RNAIII in S. aureus, which encode proteins 
responsible for regulating the production of virulence 
factors like exopolysaccharides, pyocyanin, rhamnolipids, 
intercellular adhesion, hemolysin, and toxins, were found 
to be downregulated by the algal extracts (Asimakis et al., 
2022). The downregulation of these genes suggests that the 
algal extracts interfere with the signaling pathways that 
regulates the formation of biofilm and QS in bacteria, 
hence diminishing their capacity to induce infections and 
withstand the effects of antibiotics. Previous studies have 
shown that the methanol extract derived from the marine 
algae Asparagopsis taxiformis had both quorum quenching 
and antibacterial properties against Serratia liquefaciens 
(Jha et al., 2013). The lichen secondary metabolite evernic 
acid reduces P. aeruginosa virulence protein production by 
blocking the QS system (Gökalsın and Sesal, 2016). 
Quorum sensing inhibitors (QSIs) from plant-derived 
natural remedies that affected P. aeruginosa included 
sappanol, butein, and catechin-7-xyloside (C7X). These 
compounds demonstrated the ability to interact with QS 
regulators in P. aeruginosa (Zhong et al., 2020).  

According to the results of this study, the biologically 
active substances derived from  Chlorella vulgaris and 
Spirulina platensis exhibited antibacterial properties 
against both gram- negative and gram-positive bacteria 
(Hussein et al., 2018). Syed et al. (2015) reported that 
Chlorella vulgaris extracts contain bioactive materials like 
flavonoids, tannins, terpenoids, phenolic compounds, 
cardiac glycosides and saponins. Our findings align with 
those of  Hussein et al., (2017) and Hussein et al., (2018). 

The mechanisms underlying the antimicrobial, anti-
biofilm and gene regulation effects of algal extracts can be 
multifaceted. Algal extracts may include bioactive 
substances directly disrupt bacterial cell membranes, 
interfere with QS signals, or modulate the expression of 
virulence genes. The specific compounds responsible for 
these effects could include secondary metabolites, 
polyphenols, terpenoids, and fatty acids, which have been 
previously documented for their antimicrobial and anti-
biofilm properties. Moreover, the mode of action by which 
algal extracts modulate genes expression is not clear, but it 
may involve binding to or inhibiting receptors or enzymes 
involved in these pathways. 

5. Conclusion 

 This study demonstrates that algal extracts have 
inhibitory effectiveness on bacteria growth and biofilms in 
S. aureus and P. aeruginosa and modulate their biofilm 
and QS-related gene expression. These results suggest that 
algae may serve as a good source of natural compounds for 
the development of adjuvants or novel antibacterial 
compounds. Additional researches are required to identify 
the active components of algal extracts and elucidate their 
mode of action at the molecular level. 
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Abstract 

 Evaluating antibody responses against the receptor binding domain (RBD) protein will be essential for determining the 
antibody response's durability and defining a vaccine-induced antibody response. Consequently, it becomes crucial for the 
production of innovative RBD antigens to enhance the sensitivity detection of antibody anti-COVID-19. The bottleneck to 
achieving these targets is the availability of effective RBD antigens construct. This study evaluated the potency RS1, RBD 
with C-terminal domain (CTD) of Spike S1 domain, to detect antibody anti-spike SARS-CoV-2 in patient sera. Docking 
simulations with ClusPro have been done to determine how antigens (RBD/RS1) and antibody (Fv) models interact. The 
RMSD for both complexes is accordingly still in tolerable value. The constructs RBD and RS1 were expressed in 
Escherichia coli strain Origami under the pET-32b(+) expression vector. The indirect IgG-ELISA of both recombinant 
proteins could differentiate the presence of negative antibody anti-spike in naïve sera and positive sera collected from 
COVID-19 patients between 2020 and 2022. Furthermore, the degree of detecting antibodies anti-spike utilizing the RS1 
protein increased significantly compared to RBD (p = 0.0033). Our results indicate additional CTD in RS1 could access 
more anti-spike antibodies and enhance the sensitivity detection of antibody anti-spike COVID-19.  

Keywords: COVID-19, C-terminal domain, Receptor Binding Domain, Serological assay 
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1. Introduction 

 
The emerging of SARS-CoV-2 in Wuhan-China 

initiated the COVID-19 pandemic with a notable global 
mortality rate (Oglat et al., 2022; Rastogi et al., 2020). The 
spike (S), membrane (M), envelope (E), and nucleocapsid 
(N) are the structural proteins of the SARS-CoV-2 virus. 
The spike protein contains 1273 amino acid residues and is 
composed of three subunits: S1, S2, and a transmembrane 
(TM) domain. The N-terminal domain (NTD), receptor 
binding domain (RBD), and C-terminal domain (CTD) are 
present within the S1 subunit (Biswas et al., 2021; Shwan 
et al., 2022). The RBD attaches to the ACE2 receptor on 
the cell surface, facilitates the fusion of the virus and 
cellular membrane, and serves as an antigen to stimulate 
the production of antibodies that disrupt the binding 
between the virus and the host (Biswas et al., 2021; Tai et 
al., 2020). 

The sera of the vast majority of COVID-19 survivors 
exhibit a telling presence of IgM and IgG antibodies 
directed against the SARS-CoV-2 spike protein. In order 
to effectively prevent and contain the spread of the virus, it 
is essential to meticulously track the antibody responses in 

patients who have either recovered from infection or 
received vaccination. The neutralizing antibody titer in 
sera serves as a vital indicator of the immunological 
outcome, providing valuable insights into the efficacy of 
the immune system's response to SARS-CoV-2 (Peterhoff 
et al., 2021; Yin et al., 2021). 

The SARS-CoV-2 RBD protein is frequently employed 
in serological assays, commonly in ELISA-based assay 
platforms. These assays serve an important role in 
establishing past exposure to SARS-CoV-2 and analyzing 
vaccination efficacy in populations. Mutations in the RBD 
have been found to impact antibody binding and 
neutralization, with some variants showing different 
antibody responses compared to the wild type (Fraser et 
al., 2022). The global serological test for COVID-19 is 
based on the RBD SARS-CoV-2 expressed in E. coli. 
Nonetheless, a previous study reported that the detection 
sensitivity using RBD from E. coli is less sensitive 
compared to RBD expressed in the mammalian expression 
system (Ayón-Núñez et al., 2022). Despite the significant 
advances made in recent years, the RBD's production in 
eukaryotic systems has been hindered by two major 
constraints: a limited capacity to generate sufficient 
quantities and an exorbitant cost. These obstacles have far-
reaching implications, as they undermine the potential for 
RBD-based medicines and vaccines to become viable 
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options for treatment and prevention. The reality is that the 
current production limitations and prohibitively high 
expenses severely curtail the prospect of leveraging RBD 
as a valuable resource in the development of novel 
therapeutic agents. As a result, it is essential to address 
these challenges and find innovative solutions to overcome 
them, thereby paving the way for the widespread 
application of RBD-based technologies (He et al., 2021).   

In an effort to optimize the performance of serological 
assays reliant on RBD produced in E. coli, we have 
designed a novel construct, RS1, which incorporates the C-
terminal domain (CTD) of the S1 spike protein. This 
domain's CTD exhibits a more extensive amino acid 
sequence compared to its SARS-CoV counterpart, thereby 
expanding its surface area and enhancing the interaction 
between SARS-CoV-2 and the ACE-2 receptor. This 
structural modification is anticipated to significantly boost 
the sensitivity of serological assays, allowing for more 
accurate and reliable detection of SARS-CoV-2 antibodies 
(Huang et al., 2020). Several studies have demonstrated 
that the surface area of an antigen exerts a profound impact 
on the human immune response. The extent to which an 
antigen presents itself to the immune system has been 
shown to influence the magnitude and quality of the 
response (Heida et al., 2022; Zinkhan et al., 2021) and 
possibly to enhance the detection of anti-spike antibodies 
corresponding to COVID-19 infection.  

Our data demonstrated that recombinant RBD and RS1 
can be probed by rabbit monoclonal antibodies anti-
RBD/Spike. Interestingly, compared to recombinant RBD, 
recombinant RS1 significantly increased the sensitivity of 
the ELISA assay from positive serum patients of COVID-
19 collected from 2020 to 2022.  In parallel, a 
computational approach was carried out to evaluate the 
structural interaction between RBD and RS1 against 
COVA2-39 which has been reported to target the RBD of 
SARS-CoV-2  (Wu et al., 2020). COVA2-39 is a crystal 
structures of IGHV3-53 antibody that frequently bind 
SARS-CoV-2 RBD. This antibody is derived from a 
convalescent donor from Amsterdam and potently 
neutralizes SARS-CoV-2 virus (Brouwer et al., 2020). In 
this study, this crystal structure is used as a neutralizing 
antibody model and to explore its interaction with RBD or 
RS1. 

2. Materials and Methods 

2.1. Samples  

All samples, such as sera and RNA, from confirmed 
acute COVID-19 patients, were collected from 2020 to 
2022 in a cohort study after approval of the Ethical Board 
of the NIHRD, Ministry of Health 
(LB.02.01/2/KE.432/2020). The antigenicity evaluation of 
the SARS-CoV-2 recombinant RBD and RS1 was 
performed using a random selection of collected sera. 

2.2. Plasmid Construction 

The amplification of the RBD (amino acid 319–541) 
and RS1 (amino acid 319–681) fragment genes of SARS-
CoV-2 was carried out by PCR using Phusion Green Hot 
Start II High-Fidelity PCR Master Mix (Thermo) and 
specific primers (Fw: 5’-
TAATggtaccATGAGAGTCCAACCAACAGAATCTAT
TGTTAGATTTCC-3’; Rv:5’- 

TAATctcgagaaGGAAATTGACACATTTGTTTTTAACC
AAATTAGTAGAC-3’) and cloned into the pET-32b(+) 
bacterial expression vector with N and C-terminal His-tag. 
The genes were amplified with denaturation steps at 98oC 
for 15 seconds, annealing at 60oC for 15 seconds, and 
extension at 72oC for 30 seconds. Both gene fragments and 
vector pET-32b(+) were double-digested with Kpn1 and 
Xho1 restriction enzymes, followed by ligation.  The E. 
coli TOP10 colonies from the transformation were 
extracted, and the recombinant plasmids were verified by 
restriction enzymes and sequencing using T7 primers.  

2.3. In Silico Study 

The antibody used in this molecular modelling is a 
IGHV3-53 neutralizing antibody, COVA2-39, that 
reportedly can bind to RBD SARS-CoV-2 (Wu et al., 
2020). The PDB file of the antibody was retrieved from 
RCSB PDB; PDB ID: 7JMP. The structure of this antibody 
in PDB was in neutralizing condition with SARS-CoV-2 
RBD. The variable light chain (VL) and variable heavy 
chain (VH) of the fragment antigen binding (Fab) were 
split up from the original 3D structure as variable fragment 
(Fv) and saved into separate PDB file. The processes of 
adding hydrogen atom and solvent deletion were done 
using YASARA software (Krieger et al., 2014). The 
antigen structures to be modelled are the RBD and RS1 of 
SARS-CoV-2 and which both are fused with TrxA fusion 
protein from pET32b plasmid. The fusion form of TrxA 
protein and the antigen structures were modelled using I-
TASSER server for iterative threading assembly (J. Yang 
et al., 2015).  

To obtain molecular complex of antigen-antibody, we 
performed docking between VH-VL structure and antigen-
TrxA fusion protein structures using ClusPro (Kozakov et 
al., 2017). ClusPro is a fast Fourier transform (FFT) 
algorithm-based docking server which incorporates 
Decoys as the Reference State (DARS) into PIPER 
docking program in the server for antigen-antibody 
complex prediction (Brenke et al., 2012). An antibody 
mode, which set antibody as receptor and antigen as 
ligand, and automatic masking of non-complement 
determining region were chosen. The complexes of 
antigen-antibody resulted from docking simulation were 
then analyzed for visualization using YASARA in order to 
choose the complex that closely resembles the structure of 
RBD and the VH-VL of COVA2-39 antibody in the PDB 
ID 7JMP. It was also done by structural comparison of 
multiple-chain protein complexes between two structures 
with MM-align program (Mukherjee et al., 2009).  

For each chosen complex predicted by docking 
simulation, molecular dynamics with GROMACS 2021.5 
was performed to get the insight of the dynamic interaction 
between VH-VL structure and antigen-TrxA fusion protein 
(Liu et al., 2023). The pdb2gmx generated topology file 
for the protein complex using CHARMM36 force field and 
TIP3P original water model (Lee et al., 2016). A rhombic 
dodecahedral shape defined the unit cell of the solvent 
environment with the protein complex in the center of 10 
Å from the edge. The system was set in neutral condition 
with the addition of Na+ and Cl-. The steepest descent 
minimization of 50000 steps was done to remove bad 
contact with maximum force 1000 kJ.mol-1.nm-1. Two 
phases of equilibration including isothermal-isochoric 
ensemble (NVT) and isothermal-isobaric ensemble (NPT) 
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were performed with position restraint for the protein 
complex and LINCS constraint algorithm for the hydrogen 
bonds. The system was heated from 0 to 300 K with 2-fs 
time step for 50 ps in each equilibration phase. The forces 
of Van der Waals interactions were smoothly switched to 
zero between 10 Å and 12 Å. Particle Mesh Ewald for 
long-range electrostatics was applied with fourth-order 
(cubic) interpolation and grid spacing for FFT of 
maximum 0.16 nm. The temperature coupling used 
velocity rescaling in both NVT and NPT with time 
constant of 0.1 ps and reference temperature of 300 K. The 
pressure coupling used Berendsen method for NPT 
equilibration phase with 2 ps time constant, reference 
pressure of 1 bar, and isothermal compressibility of 
4.5x10-5 bar-1. The production phase of MD simulation 
was carried out in 50 ns with a time step of 2 fs without 
position restraint. The hydrogen bonds were constrained 
with SHAKE algorithm. The long-range electrostatics and 
temperature coupling was calculated the same as in 
equilibration phase, while the pressure coupling used 
Parrinello-Rahman barostat. The root mean square 
deviation (RMSD) of protein backbone and the root mean 
square fluctuation (RMSF) of residue position were 
computed. Residue interaction network before and after 
MD simulation were defined using The RING web server 
(Piovesan et al., 2016). 

2.4. Expression 

The recombinant plasmids were transformed into E. 
coli Origami strains and cultivated in Luria Bertani (LB) 
medium containing 70 µg/ml ampicillin, 15 µg/ml 
kanamycin, and 12.5 µg/ml tetracycline. The positive 
clones were verified by PCR using a set of T7 primers. 
Recombinant E. coli with pET-32b(+)-RBD/RS1 or wild-
type pET-32b(+) were cultivated until the optical density 
(OD) at 600 nm reached 0.8-1.0 and induced by IPTG to 
the final concentration of 0.3mM. The low-temperature 
induction was carried out at 25oC, 150 rpm for 16 hours. 
The induced cells were harvested by centrifugation and 
stored at -20oC for further analysis. 

2.5. Isolation of inclusion bodies 

The recombinant E. coli pellet was resuspended in PBS 
pH 7.4 and sonicated for 10 minutes on ice. The lysate was 
separated by centrifugation at 4oC, 11,000 rpm for 3 min. 
The supernatant was removed, and the pellet was 
resuspended and incubated for 1 hour at room temperature 
with 0.1M Tris-Cl pH 8.5 or pH 11 with a variation in urea 
concentration. The supernatant containing inclusion bodies 
of recombinant RBD and RS1 proteins were separated 
from the pellet by centrifugation. Confirmation of the 
isolation of inclusion bodies was carried out by SDS-
PAGE and western blot analysis. 

2.6. Western Blot 

All recombinant proteins were transferred onto PVDF 
membranes, blocked with 5% skim milk in PBST (PBS, 
0.1% Tween-20), and probed with mouse anti-His 
monoclonal antibody (MA1-21315, Invitrogen), rabbit 
anti-RBD polyclonal antibody (PA5-114451, Invitrogen), 
and human anti-spike monoclonal antibody (MA5-35950, 
Invitrogen) at 4oC for overnight. After washing with 
PBST, the IRDye 800 CW conjugated goat anti-mouse 
IgG antibody (1:5000) or goat anti-rabbit IgG (1:5000) or 
goat anti-human IgG (1:10000) was used as the secondary 

antibody. The membranes were washed with PBST and the 
signals were captured under the near-infrared optical 
imaging system (Odyssey Clx, LI-COR). The data was 
further analyzed by Image Studio ver 5.2 software.      

2.7. Purification of RBD protein 

The supernatants containing inclusion bodies of 
recombinant RBD and RS1 in 0.1M Tris-Cl pH 11 
containing 2M urea were used in the purification step. The 
HisTrap HP column (Cytiva) was equilibrated with two-
column volumes (CVs) of 20 mM phosphate buffer pH 7.4 
with 300 mM NaCl and 20 mM imidazole (buffer A). The 
Akta Start (Cytiva) was set at a flow rate of 0.5 ml/min for 
loading samples into the resin and 1 ml/min for capturing, 
washing, and elution steps. The resin was washed with 5 
CVs of buffer A followed by elution with 2 CVs of buffer 
B (20 mM phosphate buffer pH 7.4 with 300 mM NaCl 
and 250 mM imidazole. The eluted fraction was kept at 
4oC until further analysis. 

2.8. .  Indirect IgG-ELISA and statistic analysis 

The indirect IgG-ELISA protocol was adapted from 
(Krähling et al., 2021). The coating step was performed by 
diluting the RBD or RS1 protein with 0.1 M sodium 
carbonate pH 9.0 up to 100 ng in each well of the 96-well 
plate overnight and blocked with PBST with 10 % skim 
milk. The primary antibody, a 1:50 dilution of patient sera 
in PBST with 10% skim milk, was added to the plates for 
one hour. Followed by incubation with secondary antibody 
HRP-conjugated goat anti-human IgG (Invitrogen, 31410) 
for 30 minutes. The reactivity was measured with the HTX 
Sinergy plate reader (BIOTEK) at 450 nm after the 
addition of TMB substrate to the plates. Statistical 
significance of the differences between triplicate mean 
values between RBD and RS1 was determined by using a 
paired t-test with the software GraphPad Prism 5 
(GraphPad Software, Inc, San Diego, CA, USA). The 
significance is indicated by asterisk (*) symbols. A 
positive sample is defined as having OD450 values of 
three standard deviations (SD) above the mean (Ayón-
Núñez et al., 2022) of a panel of six negative controls from 
naïve pre-pandemic sera. 

3. Results  

3.1. Plasmid Construction 

The RBD fragment (319–541aa) and RS1 fragment 
(319–681) were obtained using the designed primers in a 
polymerase chain reaction (PCR). The cDNA from RNA 
SARS-CoV-2 isolated from a COVID-19 patient from 
2020 was used as a PCR template. SnapGene generated the 
schematic diagram illustrating the design of the intended 
recombinant plasmid (Figure 1A). Double digestion with 
Kpn1 and Xho1 was carried out to check the recombinant 
plasmids of pET-32b(+)-RBD and pET-32b(+)-RS1 
(Figure 1B). The specific band around 5,900 bp, which 
corresponds to the backbone of pET-32b(+), appears 
clearly for both constructs. The digested recombinant 
plasmid clearly shows the bands for RBD with a correct 
size of around 670 bp and RS1 with 1090 bp. The target 
genes were amplified by PCR using the T7 universal 
primer (Figure 1C), and DNA sequencing was further 
employed to verify the identity of the genes (data not 
shown). 
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Figure 1. Recombinant plasmid verification. (A) Diagram of plasmid pET-32b(+)-RBD and pET-32b(+)-RS1. (B) Confirmation of 
recombinant plasmids by double digestion with Kpn1 and Xho1. Both constructs showed correct fragments of insert genes and the backbone 
of the vector pET-32b(+) after digestion. (C) The PCR using a universal T7 primer was carried out to confirm the recombinant plasmid.  
Lane 1,2 are template plasmids. Lane 3 is wildtype pET-32b(+), and lane 4,5 corresponds to RBD and RS1, respectively.
    

3.2. In Silico Study 

The fusion form of pET32b peptide “TrxA fusion 
protein” and the antigen structures (RBD and RS1) has 
been modelled. Due to the existence of TrxA fusion 
protein that covalently binds to the antigens, an iterative 
threading assembly with I-Tasser was used to build the 3D 
structures. The structure with the highest C-score was 
chosen for following simulations. C-score is the 
confidence score to estimate the quality of predicted 
structure in which the higher value indicates higher 
confidence of the structure quality (Yang et al., 2015). The 
result came out that the structure of RS1 fusion form (C 
score = -2.39) is slightly better than the structure of RBD 
fusion form (C score = -3.62). No predicted structures 
have positive C score because the exact template for fusion 
form of TrxA protein and RBD/RS1 is not available. The 
lack of exact template also causes lower TM score (0.3 - 
0.4) for each model. TM-score is a measure for assessing 
the topological similarity of protein structures. The value 

is between 0 and 1, where 1 indicates a perfect match 
between two structures. Correct topology can be achieved 
if the TM score is more than 0.5 (Xu et al., 2010). 
Therefore, the generated topology of the models is not 
exactly correct but not in a random form as well. 

To obtain a complex between antigen (RBD/RS1) and 
antibody (Fv), docking simulation with ClusPro has been 
performed (Figure 2). It generated 30 clusters that contain 
several neighboring structures within 9 Å IRMSD radius 
from the center structure (Kozakov et al., 2017). The 
center structures in the five most populated clusters were 
then aligned with the reference complex structure (PDB 
ID: 7JMP) with MM-Align program to calculate sequence 
identity, TM-score, and RMSD. Regardless of the lowest 
energy in the cluster, the most populated cluster is more 
considered because the resulting energy indirectly relates 
to binding affinity (Kozakov et al., 2017). The results of 
the docking simulation and the structural alignment were 
presented in the Table 1. 
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Table 1. The largest clusters that represent the most likely models of the complex. 

Complex Cluster Members The lowest energy in the cluster* Sequence Identity** TM-Score** RMSD** 

RBD-Fv 

1 64 -304.8 0.942 0.40 1.83 

2 54 -303.5 0.842 0.43 3.63 

3 48 -305.2 0.906 0.41 2.27 

4 42 -299.9 0.855 0.42 3.40 

5 42 -274.4 0.995 0.65 1.30 

 

RS1-Fv 

1 71 -321.4 0.898 0.41 2.53 

2 71 -282.8 0.975 0.60 2.70 

3 68 -288.3 0.920 0.41 2.42 

4 65 -307.9 0.851 0.43 2.87 

5 56 -297.9 0.777 0.45 4.01 

*The energy calculated by PIPER in ClusPro 

**The scores calculated by MM-Align resulted from multimeric complex alignment between the model from ClusPro and the reference 
complex structure (PDB ID: 7JMP)  

 
Figure 2. The structural representation of complex between antigen-TrxA fusion protein and Fv of COVA2-39 for which (A) is RBD 
complex and (B) is RS1 complex. The Fv is shown in yellow, the TrxA fusion protein is shown in grey, and the antigen is shown in blue.

Furthermore, the dynamic interaction between VH-VL 
structure and antigen-pET32b fusion was simulated in 50 
ns. The complex of RBD-Fv reached its conformational 
stability within 3 ns with the average RMSD 10.1 Å 
(Figure 2A). As compared with RBD-Fv, the complex of 
RS1-Fv took longer time around 10 ns to maintain the 
stability and produced higher degree of average RMSD 
13.4 Å (Figure 2B). The best complex model between 
antigen and antibody was chosen based on the TM-score. 
The complex with TM-score > 0.5 resembles the reference 
complex structure in terms of its global topology and chain 
orientation. Thus, cluster 5 with TM-score 0.65 was 

selected for RBD-Fv complex and cluster 2 with TM-score 
0.6 was selected for RS1-Fv (Figure 2). Both selected 
clusters also have the highest sequence identity among 
other clusters, 0.995 for RBD-Fv and 0.975 for RS1-Fv. It 
means that the number of identical residues corresponds 
closely with the number of aligned residues between the 
model from ClusPro and the reference complex structure. 
The complex of RBD-Fv has lower RMSD (1.30 Å) 
compared to the complex of RS1-Fv (2.70 Å). Low RMSD 
indicates minimal local error. The RMSD or local error for 
both complexes is accordingly still in tolerable value.
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Figure 3. RMSD and RMSF analysis. RMSD of the complex: (A) RBD-Fv and (B) RS1-Fv; RMSF of the antigen: (C) RBD and (D) RS1 in 
complex with Fv; RMSF of the Fv in complex with antigen: (E) RBD and (F) RS1; The green boxes in (C) and (D) represent the interacting 
residues of the antigen with Fv. 

3.3. Expression of recombinant RBD and RS1 

The RBD and RS1 recombinant proteins were 
expressed in E. coli Origami strain and induced with 0.3 
mM IPTG. The harvested cells were lysed and the 
expression of the proteins was evaluated in SDS-PAGE 
gels. As shown in Figure 4A, a major protein band 
corresponding to 45 kDa which belongs to RBD was 
observed in the recombinant E. coli after IPTG induction. 

Western blot was employed to evaluate the antigenicity of 
recombinant RBD and RS1 against antibody anti-His and 
polyclonal antibody anti-SARS-CoV-2 Spike RBD. 
Specific bands at 45 kDa and 60 kDa of RBD and RS1 
recombinant protein (Figure 4B, 4C) were detected with 
anti-His and anti-RBD antibodies, respectively. Our results 
indicate that the recombinant RBD and RS1 possess the 
required antigenicity. 

 
Figure 4. Expression of recombinant RBD and RS1. (a) The SDS PAGE analysis of recombinant RBD. Lane 1: induced of pET32b(+) 
possessing E.coli lysate. Lane 2: induced of pET32b(+)-RBD possessing E.coli lysate. (b) Reactivity of recombinant RBD probed with 
mouse anti-6x His tag monoclonal antibody. (c) Reactivity of recombinant RBD and RS1 with rabbit anti-SARS-CoV-2 Spike RBD pAb. 
Lane 1: negative control from wild-type E.coli. Lane 2: recombinant RBD with specific band at 45 kDa. Lane 3: recombinant RS1 with 
specific band at 60 kDa.  



 © 2024  Jordan Journal of Biological Sciences. All rights reserved - Volume 17, Number 4 721 

3.4. Purification of recombinant RBD and RS1 protein 

To increase the production of RBD and RS1 non-
classical inclusion bodies, the expression was carried out 
in low temperatures at 25oC, 150 rpm for 16 hours.  The 
inclusion bodies of RBD and RS1 were solubilized using 
the mild denaturing buffer in 0.1 M Tris buffer 11 with a 
low concentration of urea 2 M, as shown in Figure 5A and 
5B, respectively. Solubilization of RBD and RS1 protein 
from inclusion bodies was observed by increasing the pH 
from 8.5 to 11. Increasing urea concentration from 1 M to 
2 M also improved the solubilization of the RBD and RS1 
inclusion bodies. The specific band around 45 kDa and 60 
kDa from RBD (blue arrow) and RS1 (red arrow) 

supernatant in 0.1 M tris pH 11 with 2 M urea was 
detected using human anti-spike monoclonal antibody in 
western blot analysis (Figure 5C). This result confirmed 
the antigenicity of solubilized RBD and RS1 with the mild 
buffer remains exist. Furthermore, no additional steps such 
as refolding were required in this study for purification. 
The HisTrap HP resin was employed to purify the RBD 
and RS1 inclusion bodies through affinity purification.  As 
shown in Figure 5D, a major band around 45 kDa for RBD 
and 60 kDa for RS1 was observed upon elution with 20 
mM phosphate buffer with 300 mM NaCl and 250 mM 
imidazole. The results indicated the recombinant RBD and 
RS1 were successfully produced and purified.

 

 
Figure 5. Isolation and purification of recombinant RBD and RS1 protein. (A,B) Effect of different lysis buffer on solubility of RBD and 
RS1 inclusion bodies. Lane 1: supernatant of lysed bacteria in 1X PBS buffer. Lane 2: pellet of lysed bacteria in 0.1M Tris-Cl pH 8.5 Urea 1 
M. Lane 3: pellet of lysed bacteria in 0.1 M Tris-Cl pH 8.5 Urea 2 M. Lane 4: pellet of lysed bacteria in 0.1 M Tris-Cl pH 11 Urea 1 M. 
Lane 5: pellet of lysed bacteria in 0.1 M Tris-Cl pH 11 Urea 2 M. Lane 6: supernatant of lysed bacteria in 0.1M Tris-Cl pH 8.5 Urea 1 M. 
Lane 7: supernatant of lysed bacteria in 0.1 M Tris-Cl pH 8.5 Urea 2 M. Lane 8: supernatant of lysed bacteria in 0.1 M Tris-Cl pH 11 Urea 1 
M. Lane 9: supernatant of lysed bacteria in 0.1 M Tris-Cl pH 11 Urea 2 M. (C) Western blot analysis of soluble inclusion bodies of RBD 
(lane 1-6) and RS1 (lane 7-11) detected by using human monoclonal antibody anti-spike. (D) SDS-PAGE gel of purified recombinant RBD 
(lane 1) and RS1 (lane 2). The recombinant RBD protein is pointed by blue arrow and the recombinant RS1 protein is pointed by red arrow.

3.5. The antigenicity evaluation of recombinant RBD 
and RS1 by ELISA 

A total of 15 sera obtained from COVID-19 patients 
from different periods during the pandemic COVID-19 
(2020--2022) and six naïve sera collected from pre-
pandemic (2013--2015) as negative control were evaluated 
by indirect IgG-ELISA against recombinant RBD and RS1 
(Figure 6A). No reaction was observed from all naïve pre-

pandemic sera (100%) against recombinant RBD and RS1 
proteins. Further, recombinant RBD reacts positively to 10 
out of 15 sera (67%) according to the cut-off previously 
determined. Interestingly, compared to anti-RBD, 
recombinant RS1 protein with S1 subunit CTD appears to 
increase sensitivity by 80% (12 out of 15) from COVID-19 
patient serum.   
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Figure 6. Evaluation of the recombinant RBD and RS1 by indirect IgG-ELISA against sera from naïve pre-pandemic and positive COVID-
19. A positive sample is defined as having OD450 values of three standard deviations (SD) above the mean of a panel negative controls 
from naïve pre-pandemic sera. (A) The comparison sensitivity detection of RBD and RS1 was analyzed by a paired t-test. The degree of 
detecting antibodies anti-spike utilizing the RS1 protein increased significantly compared to RBD (p = 0.0033). (B) Reactivity of RBD and 
RS1 against antibody anti-spike from each sera is shown individually. The reactivity comparison between RBD and RS1 is statistically 
significant (p<0.05).

4. Discussion 

The RBD protein is widely utilized in several 
applications, including serological detection and vaccine 
development against COVID-19 (Maffei et al., 2021). 
Regardless of the limitation of RBD for serological 
detection in COVID-19, the production of the protein in 
the E.coli expression system has been reported to have 
several advantages over other expression systems, such as 
low cost and ease of handling (Ayón-Núñez et al., 2022; 
Gao et al., 2022). Additional molecules, such as 
streptavidin and small peptides, were exploited in E.coli 
expression system in order to enhance the solubility and 
functionality of RBD recombinant proteins (Brindha et al., 
2022; Lin et al., 2023). These findings suggest that with 
appropriate modifications and optimizations, E.coli-
produced RBD can achieve comparable or even improved 
detection sensitivity compared to mammalian expression 
systems. However, considering RBD mutation which 
affects the binding affinity and antibody escape in various 
“variants of concern” of SARS-CoV-2 strains (Yang et al., 
2021), an effort to find a new approach to increase 
serological detection sensitivity is needed. Evaluation of 
additional CTD domains in RBD recombinant to enhance 
the anti-spike antibody detection from COVID-19 patient 
sera hasn’t been reported elsewhere. In this study, we 
constructed the recombinant plasmid encoding RBD and 
RBD with CTD, namely “RS1” (Figure 1A), expressed, 
purified, and evaluated the detection sensitivity of both 
constructs using a panel of COVID-19 patient sera.  

In this study, several strategies were utilized in order to 
make our recombinant protein solubilized and refolded 
properly. The RBD and RS1 genes were fused with TrxA 
fusion protein of pET32b(+). Expression of both constructs 

under the TrxA fusion protein produced a larger size of 
recombinant RBD, as reported in the previous study (Gao 
et al., 2022). The TrxA fusion protein promotes protein 
solubility and significantly reduces the formation of 
inclusion bodies of recombinant protein produced in E.coli 
system (Costa et al., 2014). Additional strategies such as 
IPTG induction in low temperature and isolation with a 
mild denaturing buffer were utilized to enhance the 
solubilized inclusion bodies of RBD and RS1 protein, 
hence avoiding the refolding steps in purification steps.  

Inclusion bodies are a common challenge encountered 
when using E.coli for recombinant protein expression 
(Bhatwa et al., 2021). Purification of recombinant protein 
from inclusion bodies can be challenging. Solubilization 
and refolding are the critical steps to purify recombinant 
protein from inclusion bodies. Solubilization of inclusion 
bodies using a high concentration of chaotropic agent 
sometimes leads to protein aggregation during the 
refolding steps (Singh et al., 2012). The expression of 
recombinant protein in low temperatures often results in 
non-classical inclusion bodies. Mild solubilization buffers 
could recover this type of non-classical inclusion body 
without losing its activity (Singh et al., 2015). A certain 
pH of Tris buffer has been shown to make inclusion bodies 
of recombinant proteins produced in E.coli easier to 
dissolve (Peternel et al., 2010). A previous study showed 
that the inclusion bodies of r-hGH were completely 
dissolved in a 100 mM Tris buffer with a pH of 12.5 and 
contained 2 M urea (Patra et al., 2000).  

The potency of RBD and RS1 recombinant protein to 
recognize anti-spike antibodies from COVID-19 patients at 
the acute phase was evaluated in this study. It is important 
to note that the construct of RBD and RS1 with CTD 
domain used in this study belonged to the SARS-CoV-2 
Wuhan strain from the early period of COVID-19 isolated 
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in Indonesia. Interestingly, the RS1 recombinant protein 
could detect 80% (8 out of 10) and 100% (4 out of 4) 
antibody anti-spike from sera collected in 2020 and 2022, 
respectively (Figure 6B). The potency of RS1 to increase 
detection sensitivity is probably because of additional 
binding residue from CTD that could capture more anti-
spike antibodies compared to RBD. The spike glycoprotein 
contains several epitopes directly exposed by the host 
immune system, making it the primary target for 
neutralizing antibodies (Nagesha et al., 2022). A previous 
study documented the antibody profiles of COVID-19 
patients against the full spike, NTD-S1, and CTD-S1 
antigens, highlighting their dynamic nature. Over 90% of 
the patients recovering from COVID-19 showed immune 
responses, specifically IgG and IgM, that targeted the 
CTD-S1 antigen. These responses were similar to those 
observed for the full spike. Meanwhile, a mere 3.33% of 
the recovered patients showed IgG reactivity to NTD-S1 
(Bao et al., 2021). In accordance with the previous report 
(Bao et al., 2021), the addition of CTD domain in our 
RBD construct (RS1) significantly increases the sensitivity 
of the serological assay of anti-spike antibodies compared 
to RBD (p = 0.0033). Furthermore, the SARS-CoV-2 S1 
subunit CTD binding interface has more residues that 
directly interact with the receptor ACE2 than does SARS-
S1 RBD (Huang et al., 2020). The size of an antigen can 
affect the immune response in humans and induce more 
humoral immune response (Heida et al., 2022; Zinkhan et 
al., 2021). In this sense, the circulated anti-spike 
antibodies are not limited to RBD domain, but also another 
area such as CTD of S1 domain. Considering the 
abundance and variety of antibodies, it is conceivable to 
develop the ELISA assay harboring RBD with an 
additional CTD domain to increase the monitoring 
sensitivity of the spike antibody in the population. 

Based on the RBD and RS1 modeling structure from 
the in silico study, RS1 structure (Figure 2B) showed a 
greater protein surface that could elicit more antigenic 
antibody determinants. It is correlated with the ELISA 
result of RS1, which had higher detection sensitivity. From 
the molecular dynamics result, the different topologies of 
RBD-Fv and RS1-Fv complexes may cause RMSD 
differences, especially the longer chain of the RS1 that 
makes the pET32b open out (Figure 2B). The extended 
RBD chain in RS1 seems like a linker region between 
RBD chain and pET32b(+) that lead to the open 
conformation. This open conformation gives rise to the 
greater fluctuation of amino acid residues during dynamic 
simulation and, consequently, the backbones deviate more 
from its original state. The first 150 residues are the 
pET32b part that accounts for the greatest fluctuations of 
the overall antigen molecule (Figure 3C and 3D). On the 
other hand, residue fluctuation in Fv molecule binding to 
RBD has almost the same pattern as Fv molecule binding 
to RS1 (Figure 3E and 3F). The higher fluctuations occur 
mostly in the loop regions, which are more flexible and 
undergo random motions, especially those in the surface 
area. The binding stability between antigen and antibody 
can be seen through RMSF of the interacting residues 
(Figure 3C and 3D). Major residues in the contact region 
generate Van der Waals interaction. Some others use pi-pi 
stacks and hydrogen bonds. These interactions increase the 
binding affinity and stabilize the binding between antigen 
and antibody, leading to low fluctuations in the interacting 

residues. The average RMSF of interacting residues in 
RBD is lower (2.0 Å) than that of RS1 (3.3 Å). Compared 
with RBD, RS1 produced a two-fold higher degree of 
fluctuation in the overall complex due to its open 
conformation. Due to the different topology of modeled 
structure between RBD and RS1, we cannot conclude that 
the system's lower fluctuations of RBD amino acid 
residues correspond to higher binding affinity with the 
antibody molecule. Mainly because the interacting 
residues with the antibody in both RBD and RS1 show 
relatively low fluctuation, both antigens have stable 
binding with the antibody. The epitope antigenicity 
between RBD and RS1 should be compared for further 
study. 

5. Conclusion 

Antigen size affects the immune response in humans, 
specifically the humoral immune response. In this sense, 
the circulated anti-spike antibodies are not limited to 
targeting the RBD domain but also targeting another area, 
such as the C terminal domain (CTD). Considering the 
abundance and variety of antibodies, developing the 
ELISA assay harboring RBD with an additional CTD 
domain is conceivable to increase the monitoring 
sensitivity of the relevant antibody in the population.  
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Abstract 

This study was the first report on the genetic diversity among 18 local chickpea (Cicer arietinum) genotypes presented in the 
Jordanian National Agricultural Research Center (NARC) Seed Genbank collected from different Jordanian regions. Inter-
Simple Sequence Repeat (ISSR) and Start Codon Target (SCoT) Polymorphism molecular markers were used to investigate 
their relationship. 13 different ISSR primers amplified 135 bands, among them 110 were polymorphic. In comparison, the 10 
SCoT primers amplified 166 bands, among them 129 were polymorphic. The polymorphism average and the PIC values in 
ISSR and SCoT primers were 72%, 75%, 0.17, and 0.26, respectively. The genetic similarity values were moderate, for 
ISSR-PCR analyses between 0.769-0.452, while for SCoT-PCR analyses ranged from 0.744 to 0.468. The UPGMA analysis 
grouped the 18 Cicer arietinum genotypes into two main clusters divided into sub-clusters and smaller groups in both ISSR 
and SCoT analyses. STRUCTURE analyses produced three populations mixed within each other in ISSR and SCoT 
analyses. Current results indicated that SCoT molecular marker proved to be more informative in distinguishing closely 
related genotypes than ISSR molecular marker. The 18 C. arietinum genotypes are genetically related to each other, even 
though they were geographically distant landraces. Our findings provided significant data for characterizing the genotypes 
within the seed genebank.; however, there is no duplication among the stored Cicer arietinum genotypes.  

Keywords: Genetic diversity, Chickpea, Seed Genbank, ISSR, SCoT, PIC. 
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1. Introductıon 

 Chickpea (Cicer arietinum L.) is a self-pollinated 
legume species from the family Fabaceae (2n = 16), a 
semi-arid region growing type (De Giovanni et al., 2017), 
containing a high nutritive content and being a cheap 
source of protein, in addition to improve land fertility 
(Saeed et al., 2011) and soil health through symbiotic 
nitrogen fixation (Thudi et al., 2016). Chickpeas were 
domesticated as a crop around 10,000 years ago in 
Southwest Asia (Anatolia). From there, they spread 
throughout the Fertile Crescent, reaching South Asia, East 
Africa (Ethiopia), Australia, and North America (Sani et 
al., 2018). Cultivated Chickpea (C. arietinum) is part of a 
group of annual chickpea species native to Mediterranean 
regions, while the majority of the remaining species in the 
genus are perennial species native to colder climates in 
Anatolia, the Caucasus, and Central Asia (Coyne et al., 
2020). Chickpea has little genetic diversity due to 
obligatory self-pollination and an extensively monotonous 
genome (Aggarwal et al., 2015).  

Genetic diversity assessment is important for crop 
improvement and efficient management and conservation 
of germplasm resources (Pakseresht et al., 2013). The 
concept of genetic resources frameworks breeding, and 

conservation involved a genocentric perspective with their 
erosion and the danger of losing biodiversity (Aubry, 
2019). Genbank widely reflects the available sources of 
genetic diversity in landraces, The National Plant 
Germplasm System (a collaborative program that 
preserves the genetic diversity of plants) contains over 
4000 accessions of chickpeas that originated from almost 
50 countries, which made them available to scientists 
worldwide to support plant breeding and other research 
program on chickpea (Redden and Berger, 2007).  The 
International Crops Research Institute for the Semi-Arid 
Tropics (ICRISAT) has the largest collection with 19,959 
accessions of cultivated chickpeas and 308 accessions of 
18 wild Cicer species from 60 countries (Plekhanova et al., 
2017).  

Genetic techniques and biotechnology tools enable us 
to leverage the information stored in genebanks more 
efficiently and rapidly. Thus, genotyping of the collections 
will allow us to identify the duplication, establish varietal 
limits, and estimate the population variability (Díez et al., 
2018). ISSR markers can be targeted towards specific 
sequences, which are reported to be abundant in the 
genome and can overcome the technical difficulties of 
RFLP and RAPD. The previous two markers could not 
address the reliable genetic variation within chickpeas 
(Pakseresht et al., 2013). 

https://doi.org/10.54319/jjbs/170415
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 ISSR markers were reported to be more compatible 
than the RAPD markers, as they were highly reproducible 
polymorphic DNA markers able to expose various 
informative loci from a single amplification and had been 
successfully used to study diversity and phylogenetic 
relationships for the last decade (Aggarwal et al., 2015). 
For a long time, genetic fingerprinting in chickpeas was 
inhibited by the little genome variability, which can be 
facilitated by highly polymorphic functional markers such 
as SCoT marker. ISSR and SCoT techniques were more 
informative than prior biochemical such as isozymes and 
storage proteins, in addition to other molecular methods as 
RAPD markers, which are used to study variation and 
genetic relationships in Cicer species (Pakseresht et al., 
2013). The genetic variation detected by ISSR and SCoT 
markers within and between Cicer species was higher than 
the amount computed from RAPD and AFLP markers 
(Amirmoradi et al., 2012).  

Pakseresht et al. (2013) mentioned in their study that 
40 Chickpea landraces were collected from different 
geographical locations in northwest Iran and were 
amplified using ISSR and SCoT markers. The accessions 
from the same geographical regions showed more genetic 
similarities than those from different or isolated places. 
According to the observed results, SCoT marker was more 
informative than ISSR marker, and both of them were 
revealed to be better than previous markers for Cicer 
genotypes diversity assessment. Another study done on 48 
Iranian chickpea genotypes was identified using 9 SCoT 
primers; the average PIC value was 0.45 and showed an 
elevated level of polymorphism and diversity (Hajibarat et 
al., 2015).  

In other research, a genetic diversity study on 
cultivated chickpea C. arietinum and its wild progenitor C. 
reticulatum using RAPD and ISSR markers concluded that 
ISSR analysis was a more reliable reference for genetic 
diversity estimation than RAPD marker (Gautam et al., 
2016). Ahmad and Talebi (2017) examined the genetic 
diversity of 35 chickpea breeding lines using 14 SCoT 
primers, with an average PIC value of 0.36 per primer. 
Cluster analysis grouped the 35 breeding lines into three 
major clusters. 

 Jordan has four distinct biogeographical regions, the 
cultivated areas for C. arietinum were found in the 
Mediterranean and Irano-Turanian regions. This is the first 
report of studying genetic variability and the relationship 
of C. arietinum genotypes at a DNA level. Therefore, this 
study aimed to determine the genetic variability of 
different C. arietinum genotypes, and to find any 
duplication presented in the National Agricultural 
Research Center (NARC) seed genbank using ISSR and 
SCoT molecular markers. 

2. Methodology  

2.1. Plant Material and DNA Extraction  

 The genetic material used in this study were seeds of 
18 local genotypes of Cicer arietinum (Kabuli type), 
obtained from the seed genbank of the NATIONAL 
AGRICULTURAL RESEARCH CENTER (NARC), 
Jordan, shown in Table 1. Total genomic DNA was 
extracted from the young leaf tissues of 2-week-old C. 
arietinum seedlings according to the 2X CTAB protocol 

(Doyle and Doyle, 1990). DNA quality was assessed using 
electrophoresis in a 0.8% agarose gel with a 1kb DNA 
ladder, while DNA purity and quantification were 
measured using a Nanodrop Spectrophotometer. 
Table 1: List of locally cultivated genotypes of Cicer arietinum 
studied, working code, original serial number, and province. 

Working code  Serial No.  Taxonomic Name  Province  

C1  2775  Cicer arietinum  Amman  

C2  2777  Cicer arietinum  Balqa'  

C3  2779  Cicer arietinum  Mafraq  

C4  2780  Cicer arietinum  Amman  

C5  2787  Cicer arietinum  Ma'an  

C6  2788  Cicer arietinum  Unknown  

C7  2791  Cicer arietinum  Jerash  

C8  2793  Cicer arietinum  Ma'an  

C9  2794  Cicer arietinum  Karak  

C10  2795  Cicer arietinum  Zarqa  

C11  2796  Cicer arietinum  Ma'an  

C12  2798  Cicer arietinum  Madaba  

C13  2799  Cicer arietinum  Irbid  

C14  2801  Cicer arietinum  Unknown  

C15  3588  Cicer arietinum  Unknown  

C16  3590  Cicer arietinum  Unknown  

C17  4361  Cicer arietinum  Ma'an  

C18  4537  Cicer arietinum  Ma'an  

2.2. ISSR-PCR Analysis 

26 ISSR primers (designed by the UNIVERSITY OF 
BRITISH COLUMBIA BIOTECHNOLOGY 
LABORATORIES) were used in this study. ISSR 
amplifications were performed with a volume of 15 μl 
including 10X Taq Buffer (1.5 μl), 25 mM MgCl2 (1.2 μl), 
2.5 mM dNTP (1.2 μl), 2.5 μM primer (1 μl), 5 ng/ μl of 
templet DNA (3 μl), 1U of Taq Polymerase (0.15 μl) 
(FERMENTAS). Amplifications were performed in the 
thermal cycler with the following program: initial 
denaturation at 94 °C 4 min, 45 cycles at 94 °C 45 sec, 
annealing at 50-61 °C 90 sec, extension at 72 °C 2 min, 
and final extension at 72 °C 5 min. PCR products were 
electrophoresed in 1.8 % agarose gel containing 5μl Red 
Safe run for 1 h and 30 min at 85V in the gel tank, then the 
records were photographed and preserved. 

2.3. SCoT-PCR Analysis  

19 SCoT primers (synthesized by OLIGOMER 
BIOTECHNOLOGY COMPANY, ANKARA, TURKEY) 
were used in this study. SCoT amplifications were 
performed with a volume of 25 μl including 10X Taq 
Buffer KCL (2.5 μl), 25 mM MgCl2 (2 μl), 2.5 mM dNTP 
(2 μl), 2.5 μM primer (5 μl), 10 ng/ μl of templet DNA (5 
μl), 1U of Taq Polymerase (0.2 μl) (FERMENTAS). 
Amplifications were performed in the thermal cycler with 
the following program: initial denaturation at 94°C 3 min, 
40 cycles at 94 °C 1 min, annealing at 50-61 °C 1 min, 
extension at 72 °C 2 min, and final extension at 72 °C 5 
min. PCR products were electrophoresed in 1.8 % agarose 
gel containing 5μl Red Safe run for 1 h and 30 min at 85V 
in the gel tank, photographed with a UV documentation 
system and the records were preserved. 
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2.4. Data Analysis 

 The amplified products of each ISSR and SCoT PCR 
reaction were analyzed using the TOTALLAB CLIQS (1D 
gels) software program. A binary matrix was prepared 
based on the results obtained, as present (1) or absent (0). 
The PIC (polymorphism information content) was 
calculated as a formula suggested by De Riek et al. (2001). 
Genetic similarity values were calculated by the Jaccard 
coefficient using the DendroUPGMA program. 
Dendrograms were constructed using the MEGA software 
version 11. The population structure analysis was 
performed by the STRUCTURE software program v. 2.3.4 
(Pritchard et al. 2000). STRUCTURE HARVESTER (Earl 
and VonHoldt, 2012) was used to calculate the K values, 

delta K graph and to extract the suitable bar plot graph 
using the binary matrix. 

3. Results 

3.1.  Assessment of ISSR-PCR Analysis 

Out of 26 ISSR primers, 13 ISSR primers produced 
clear and reproducible band profiles (Fig. 1) which 
amplified a total of 135 bands from 18 C. arietinum 
genotypes; among these bands 110 were polymorphic. The 
number of amplified bands varied between 2-18 with an 
average of 10.4 bands per primer. The band sizes ranged 
from 333 bp to 3919 bp. PPB% ranged from 0 to 100% 
with an average of 72%. The PIC values ranged from 0 to 
0.3 with an average of 0.17 (Table 2). 

Table 2. Primers, primer sequences, annealing temperatures, band profiles, polymorphism percentages, and PIC values of C. arietinum 
genotypes using ISSR molecular marker. 

Primer Sequences (5’-3’) An.T Band Size (bp) TB PB PPB% PIC 

ISSR 807 (AG)8-T 52 566-1790 10 7 70 0.17 

ISSR 810 (GA)8-T 50 467-2231 8 7 87.5 0.2 

ISSR 811 (GA)8-C 50 333-3919 18 17 94 0.26 

ISSR 812 (GA)8-A 50 560-1700 9 6 67 0.23 

ISSR 813 (CT)8-T 50 406-1560 4 2 50 0.13 

ISSR 817 (CA)8-A 50 949-1320 2 0 0 0 

ISSR 818 (CA)8-G 53 609-2381 14 14 100 0.3 

ISSR 819 (TC)8-C 50 712-1423 5 3 60 0.05 

ISSR 829 (TG)8-C 53 510-3000 16 15 94 0.27 

ISSR 834 (AG)8-YT 53 364-1122 13 12 92 0.17 

ISSR 847 (CA)8-RC 55 582-2368 13 10 77 0.14 

ISSR 853 (TC)8-RT 53 400-1433 13 10 77 0.18 

ISSR 855 (AC)8-YT 53 470-1887 10 7 70 0.1 

SUM 135 110 - - 

AVG 10.4 - 72 0.17 

Where Y= (C, T), R= (A, G), An.T: annealing temp., TB: total no. of bands, PB: polymorphic bands, PPB%: The polymorphism percentage, 
and PIC: polymorphism information content. 
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Figure 1. ISSR band profiles of C. arietinum genotypes with ISSR primers 810, 811, 847and 855. M: 100 bp plus DNA marker 
(FERMENTAS), (1:C1, 2:C2, 3:C3, 4:C4, 5:C5, 6:C6, 7:C7, 8:C8, 9:C9, 10:C10, 11:C11, 12:C12, 13:C13, 14:C14, 15:C15, 16:C16, 
17:C17, and 18:C18).

The genetic similarity among the 18 C. arietinum 
genotypes ranged from  0.769 to 0.452. The highest 
similarity (0.769) was observed between 4537 (C18) and 
4361 (C17) genotypes both from Maan, and the lowest 
genetic similarity (0.452) was found between 2798 from 
Madaba (C12) and 2795 from Zarqa (C10) (Table 3). 
UPGMA dendrogram grouped the 18 C. arietinum 
genotypes into two main clusters (Fig. 2). Cluster I 
included only one variety 2795 from Zarqa (C10), and 

cluster II divided into two sub-clusters; the first sub-cluster 
included  2801 Unknown (C14), and the second sub-
cluster included all the other 16 C. arietinum genotypes 
divided into smaller groups. For more genetic examination 
within the 18 C. arietinum genotypes population 
structures, STRUCTURE analysis was used and according 
to Delta K, they were divided into three clusters (Fig. 3 
and Fig. 4). 

Table 3. ISSR genetic Jaccard similarity matrix between C. arietinum genotypes.  
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Figure 2. UPGMA clustering pattern of 18 C. arietinum 
genotypes based on the genetic similarity values of ISSR analyses.

 
Figure  3. STRUCTURE analysis for the number of clusters (K = 
3) of C. arietinum genotypes based on ISSR analyses.

 
Figure 4. STRUCTURE analysis of the 18 C. arietinum genotypes based on ISSR analyses. The same color indicates the same group.

3.2.  Assessment of SCoT-PCR Analysis 

Of 19 SCoT primers, 10 primers produced clear and 
reproducible band profiles (Fig. 5) which amplified a total 
of 166 bands from 18 C. arietinum genotypes; among 
these bands, 129 were polymorphic. The number of 

amplified bands varied between 8-25 with an average of 
16.6 bands per primer. The band sizes ranged from 185 bp 
to 3825 bp. PPB% ranged from 50 to 92% with an average 
of 75%. The PIC values ranged from 0.13 to 0.35 with an 
average of 0.26 (Table 4). 

Table 4. Primers, primer sequences, annealing temperatures, band profiles, polymorphism percentages, and PIC values of C. arietinum 
genotypes using SCoT molecular marker. 

Primer Sequences (5’- 3’) An.T Band Size (bp) TB PB PPB% PIC 

SCoT 3 CAACAATGGCTACCACCG 52 588-2650  13 12 92 0.35 

SCoT 9 CAACAATGGCTACCAGCA 54 800-2935  8 4 50 0.19 

SCoT 12 ACGACATGGCGACCAACG 56 185-2729  20 16 80 0.26 

SCoT 15 ACGACATGGCGACCGCGA 54 225-2911  21 18 86 0.31 

SCoT 16 ACCATGGCTACCACCGAC 52 288-3404  20 18 90 0.30 

SCoT 18 ACCATGGCTACCACCGCC 54 227-2927  13 7 54 0.13 

SCoT 19 ACCATGGCTACCACCGGC 54 688-3825  17 15 88 0.31 

SCoT 21 ACGACATGGCGACCCACA 52 230-1733  14 10 71 0.21 

SCoT 28 CCATGGCTACCACCGCCA 50 295-3048  15 9 60 0.24 

SCoT 32 CCATGGCTACCACCGCAC 50 240-3281  25 20 80 0.26 

SUM 166 129 - - 

AVG 16.6  75 0.26 

An.T: annealing temp., TB: total no. of bands, PB: polymorphic bands, PPB%: The polymorphism percentage, and PIC: polymorphism 
information content. 
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Figure 5. SCoT band profiles of C. arietinum genotypes with SCoT primers 15, 18, 28 and 32. M: 100 bp plus DNA marker 
(FERMENTAS), -C: negative control, (1:C1, 2:C2, 3:C3, 4:C4, 5:C5, 6:C6, 7:C7, 8:C8, 9:C9, 10:C10, 11:C11, 12:C12, 13:C13, 14:C14, 
15:C15, 16:C16, 17:C17, and 18:C18).

The genetic similarity among the 18 C. arietinum 
genotypes ranged from 0.744 to 0.468. The highest 
similarity (0.744) was observed between 2779 from 
Mafraq (C3) and 2777 from Balqa (C2) genotypes, and the 
lowest genetic similarity (0.468) was found between 3590 
Unknown (C16) and 2779 from Mafraq (C3) (Table 5). 
UPGMA dendrogram grouped the 18 C. arietinum 
genotypes into two main clusters (Fig. 6). Cluster I 
included genotypes 3590 Unknown (C16) and 3588 
Unknown (C15), and cluster II divided into two sub-
clusters; sub-cluster I included genotypes 2801 Unknown 

(C14), 2799 from Irbid (C14), 2798 from Madaba (C12), 
2795 from Zarqa (C10), 2794 from Karak (C9), 2788 
Unknown (C6), 2791 from Jerash (C7), with 2793 (C8), 
4537 (C18), 4361 (C17), 2796 (C11) and 2787 (C5) from 
Maan divided in much smaller groups. Sub-cluster II 
included 2779 from Mafraq (C3), 2777 from Balqa (C2), 
2780 (C4), and 2775 (C1) from Amman genotypes. For 
more genetic examination within the 18 C. arietinum 
genotypes population structures, STRUCTURE analysis 
was used and according to Delta K, they were divided into 
three clusters (Fig. 7 and Fig. 8).  

Table 5. SCoT genetic Jaccard similarity matrix between C. arietinum genotypes.  
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Figure 6. UPGMA clustering pattern of 18 C. arietinum 
genotypes based on the genetic similarity values of SCoT 
analyses. 

 
Figure 7. STRUCTURE analysis for the number of clusters (K = 
3) of C. arietinum genotypes based on SCoT analyses. 

 
Figure 8. STRUCTURE analysis of the 18 C. arietinum 
genotypes based on SCoT analyses. The same color indicates the 
same group. 

4. Discussion  

 The collection of C. arietinum genotypes obtained 
from the Jordanian seed genebank (NARC) contains 18 
genotypes collected from 10 different regions of Jordan 
presented in Table 1. In this study, genetic diversity was 
assessed among 18 Jordanian genotypes of C. arietinum 
using 13 ISSR and 10 SCoT primers. The ISSR analyses 
yielded a total of  135 bands of which 110 were 

polymorphic, with an average of 72 % polymorphism. The 
number of amplified bands varied between 2 -18 with an 
average of 10.4 bands per primer. The average PIC value 
of ISSR primers was calculated as 0.17. On the other hand, 
10 SCoT primers amplified reproducible 166 bands, 
among these 129 were polymorphic (PPB: 75%). The 
number of amplified bands varied between 8 - 25 with an 
average of 16.6 bands per primer. The average PIC value 
of SCoT primers was calculated as 0.26. The number of 
bands and polymorphism levels of SCoT primers were 
higher than ISSR.  

 The average PIC value of SCoT primers (0.26) was 
higher than that of ISSR (0.17), although the 
polymorphism rate for these two primers was high, their 
informativeness (PIC) was not the highest value for a 
dominant marker, which is said to be 0.5 according to  De 
Riek et al. (2001). These results showed that SCoT 
primers were more efficient and informative than ISSR in 
estimating genetic diversity in studied Jordanian C. 
arietinum genotypes. C. arietinum is known to have a 
narrow genetic base and minimal polymorphism as 
previously demonstrated by molecular markers, including 
seed protein, isozyme, and RFLP analyses (Iruela et al., 
2018). Using RAPD and ISSR markers, a molecular 
analysis was conducted to determine the genetic diversity 
and relationships among chickpea cultivars; 33 bands 
overall were produced by the 5 polymorphic primers with 
63.6 % polymorphism (Tahir and Karim, 2011). In another 
study, 10 SCoT primers were used to fingerprint 10 
genotypes of Cicer arietinum, 33 polymorphic bands out 
of 94 amplified bands were recorded, and the 
polymorphism percentage was 35 % (Serag, 2021). 

On the other hand, some studies obtained higher 
polymorphism levels than the present study. For example, 
ISSR and SCoT markers were used for the analysis of 
genetic relationships among 38 accessions of 8 annual 
Cicer species, including the cultivated C. arietinum which 
detected an elevated level of polymorphism about 97 % 
(Amirmoradi et al., 2012). Results obtained from the same 
study confirmed that C. arietinum has the narrowest 
genetic base among all the annual species and the wild C. 
reticulatum genetically is the closest species to C. 
arietinum. Aggarwal et al. (2015) reported that 26 ISSR 
primers yielded a total of 232 bands representing the 
genetic diversity of 125 cultivars of chickpeas of Indian 
origin, 213 of which were polymorphic (91.8 %) with an 
average of 9 bands per primer.  

In addition, Hajibarat et al. (2015) showed that 9 SCoT 
primers amplified a total of 145 bands from 48 Iranian 
chickpea accessions; among these bands 133 were 
polymorphic. The average PIC value was 0.45 and showed 
a prominent level of polymorphism and diversity. The 
three prior studies reported higher polymorphism levels 
than this study due to the use of different Cicer species and 
a greater number of genotypes. However, Pakseresht et al. 
(2013) studied 40 Iranian chickpea genotypes using 7 
ISSR and 10 SCoT primers. The average PIC values were 
0.216 for ISSR markers and 0.232 for the SCoT markers, 
which was close to the results of our study. They 
concluded similarly that SCoT marker was more 
informative than ISSR markers. 

The genetic similarity matrix between C. arietinum 
genotypes was calculated based on Jaccard’s similarity 
coefficient. For ISSR molecular marker, the genetic 
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similarity values were moderate (0.769 - 0.452). The 
genetically closest genotypes were 4537 from Maan and 
4361 from Maan (0.769), and the most distant genotypes 
were 2798 from Madaba and 2795 from Zarqa (0.452). For 
SCoT molecular marker, the genetic similarity values were 
between 0.744 and 0.468; the genetically closest genotypes 
were 2779 from Mafraq and 2777 from Balqa (0.744), and 
genetically the lowest genotypes were 3590 Unknown and 
2779 from Mafraq (0.468). The similarity coefficient 
values for the two molecular markers were similar, but 
they did not produce identical clusters in the UPGMA 
dendrograms. The difference between the two markers is 
due to the different DNA sequences presented in each 
primer, which tracked different readings among the PCR 
analyses, producing different band profiles. 

According to UPGMA clustering pattern obtained from 
ISSR analyses, the 18 C. arietinum genotypes were 
grouped into 2 main clusters: cluster I included only one 
variety 2795 from Zarqa, and cluster II was divided into 
two sub-clusters, the first sub-cluster included 2801 
Unknown, and the second sub-cluster included the rest 16 
C. arietinum genotypes divided into smaller groups. 3590 
Unknown placed closest to 2801 Unknown in the first sub-
cluster, followed by 2799 from Irbid, 2794 from Karak, 
and 2791 from Jerash were grouped close with each other. 
After that, 2798 from Madaba, 2793 from Maan, 4537 
from Maan, 4361 from Maan, 2796 from Maan, 3588 
Unknown, 2788 Unknown, 2787 from Maan, and 2777 
from Balqa were genetically grouped. 2779 from Mafraq, 
2780 from Amman, and 2775 from Amman were placed 
close altogether. 

On the other hand, the UPGMA dendrogram produced 
using SCoT analyses grouped the 18 C. arietinum into 2 
main clusters: cluster I included 3590 Unknown and 3588 
Unknown, and cluster II contained the remaining 16 
genotypes divided into two main sub-clusters. Sub-cluster 
I was split into more small groups; group I with only 2801 
Unknown (the closest to cluster I), group II contained 2799 
from Irbid, 2798 from Madaba, 2795 from Zarqa, and 
2794 from Karak. Group III had 2788 Unknown and 2791 
from Jerash, while group IV included all genotypes from 
the same collected provinces 2793, 4537, 4361, 2796, and 
2787 from Maan. Sub-cluster II included 2779 from 
Mafraq, 2777 from Balqa, 2780 from Amman, and 2775 
from Amman. In both UPGMA dendrograms, the C. 
arietinum genotypes collected from Amman and  Maan 
provinces were placed in the same group “genetically close 
to each other.” The four genotypes with Unknown 
localities were placed differently each time. However, 
2801 Unknown and 3590 Unknown lay close in both 
analyses.  

The ISSR genetic STRUCTURE analyses grouped the 
18 Jordanian C. arietinum genotypes into 3 clusters, which 
were presented and mixed in all the 18 genotypes; the red 
cluster presented somehow in equal balance. However, the 
green and blue clusters fluctuate all over the 18 genotypes. 
Likewise, the SCoT genetic structure grouped them also 
into 3 clusters, with different arrangements all over the 18 
genotypes. The green cluster presented the most in 2775 
from Amman, 2780 from Amman, 2779 from Mafraq, 
2777 from Balqa, and 2791 from Jerash genotypes, while 
the red and blue clusters ranged in a balance between the 
remaining genotypes. SCoT molecular marker proved to 
be more informative in distinguishing closely related 

genotypes than ISSR molecular marker. These findings 
implied that the 3 clusters (populations) were mixed over 
the years as they had been cultivated throughout the 
country.  

5. Conclusion 

To our knowledge, this is the first report estimating the 
genetic variability of the cultivated C. arietinum genotypes 
using ISSR and SCoT molecular marker techniques. 
Molecular markers are stable, quick, and reliable 
techniques that can be applied in laboratory conditions. 
ISSR and SCoT molecular markers are dominant, highly 
reproducible, require a small amount of DNA, simple to 
work with, making them a valuable tool for studying plant 
genetic populations and diversity. In this study, we cannot 
prove any differences between the cultivated C. arietinum 
genotypes according to the biogeographical areas via ISSR 
analyses. However, SCoT analysis showed that the 
genotypes from Amman, Mafraq, and Balqa were the 
genotypes genetically closest to each other according to 
UPGMA dendrogram and Structure software clustering 
model.  

Amman, Mafraq, and Balqa provinces presented in the 
Middle to North of Jordan and considered near each other 
in the same biogeographical regions mixed between the 
Mediterranean and the Irano-Turanian, have the same 
genetic structure. The genotypes from Maan province were 
all clustered in the same group and genetically the same. 
All of the 18 C. arietinum genotypes are genetically 
related to each other, even though they were 
geographically distant landraces. According to our ISSR-
PCR and SCoT-PCR results, most of the genotypes were 
the same in some of the primers, but they were not 
identical. Therefore, there is no duplication among the 
stored genotypes; however, more studies can be done to 
ensure the previous results. 
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