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manuscripts is strongly recommended, provided that the text, tables and figures are included in a single 
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material. 
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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:  
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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 
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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  
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Abbreviations 
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Results  
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Discussion 
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Conclusions 
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EDITORIAL PREFACE 
 
Jordan Journal of Biological Sciences (JJBS) is a refereed, quarterly international 
journal financed by the Scientific Research and Innovation Support Fund, Ministry of 
Higher Education and Scientific Research in cooperation with the Hashemite 
University, Jordan. JJBS celebrated its 12th commencement this past January, 2020. 
JJBS was founded in 2008 to create a peer-reviewed journal that publishes high-
quality research articles, reviews and short communications on novel and innovative 
aspects of a wide variety of biological sciences such as cell biology, developmental 
biology, structural biology, microbiology, entomology, molecular biology, 
biochemistry, medical biotechnology, biodiversity, ecology, marine biology, plant and 
animal biology, plant and animal physiology, genomics and bioinformatics.  
 
We have watched the growth and success of JJBS over the years. JJBS has published 
11 volumes, 45 issues and 479 articles. JJBS has been indexed by SCOPUS, CABI’s 
Full-Text Repository, EBSCO, Clarivate Analytics- Zoological Record and recently 
has been included in the UGC India approved journals. JJBS Cite Score has improved 
from 0.18 in 2015 to 0.7 in 2019 (Last updated on 1 March, 2021) and with Scimago 
Institution Ranking ( SJR) 0.18 (Q3) in 2019. 
 
A group of highly valuable scholars have agreed to serve on the editorial board and 
this places JJBS in a position of most authoritative on biological sciences. I am 
honored to have six eminent associate editors from various countries. I am also 
delighted with our group of international advisory board members coming from 15 
countries worldwide for their continuous support of JJBS. With our editorial board's 
cumulative experience in various fields of biological sciences, this journal brings a 
substantial representation of biological sciences in different disciplines. Without the 
service and dedication of our editorial; associate editorial and international advisory 
board members, JJBS would have never existed. 
 
In the coming year, we hope that JJBS will be indexed in Clarivate Analytics and 
MEDLINE (the U.S. National Library of Medicine database) and others. As you read 
throughout this volume of JJBS, I would like to remind you that the success of our 
journal depends on the number of quality articles submitted for review. Accordingly, I 
would like to request your participation and colleagues by submitting quality 
manuscripts for review. One of the great benefits we can provide to our prospective 
authors, regardless of acceptance of their manuscripts or not, is the feedback of our 
review process. JJBS provides authors with high quality, helpful reviews to improve 
their manuscripts. 
 
Finally, JJBS would not have succeeded without the collaboration of authors and 
referees. Their work is greatly appreciated. Furthermore, my thanks are also extended 
to The Hashemite University and the Scientific Research and Innovation Support 
Fund, Ministry of Higher Education and Scientific Research for their continuous 
financial and administrative support to JJBS. 
 
 

Professor Atoum, Manar F. 
March, 2021 
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This year we commemorate the 14th anniversary of the 
Jordan Journal of Biological Sciences (JJBS). The journal 
was launched by The Hashemite University with the 
support of the Ministry of Higher Education & Scientific 
Research and the Scientific Research Support Fund. The 
first volume (Volume 1) was published and edited in 2008 
by the Editor-in-Chief then, Professor Khaled Abu-Elteen, 
and consisted of four issues and twenty-eight articles. The 
journal continued to be published yearly by the Deanship 
of Research and Graduate Studies, The Hashemite 
University. The 2021 volume (Volume 14) consisted of 
five issues and 129 articles with a noticeable increase in 
the number of articles. This occasion offers us the 
opportunity to gratefully look back and consider what the 
JJBS has achieved as well as to move forward and 
strengthen the approaches that will bring about more 
success. The Editorial Board of the JJBS is fully devoted 
to making the journal one of the top international 
publications in biological sciences. In order to build the 
journal's reputation on a global scale, it is anticipated that 
significant resources will be invested in with governmental 
and local support. Moreover, the journal carefully selects 
the submitted manuscripts to meet standards of academic 
excellence and general criteria of significance. 

The JJBS was accredited as a globally rated and 
refereed journal in the Scopus Indexed Journal list in 2014. 
In the period from 2014 - 2021, the journal has witnessed 
an improvement in quality and scientific standing, as it 
moved from a Q4-rated journal to a Q2-rated journal 
(Figure 1). Furthermore, the impact factor and the cite 
scores were 1.07 and 1.4, respectively, in 2021. When 
compared to 2020, there has been an increase by a factor 
of 0.21 and an estimated percentage change of 24.42%, 
indicating an upward trend. 

 
Figure 1. Increasing growth in the quality of Jordan Journal of 
Biological Sciences based on Scopus Indexed standards. * Cite 
score. 

Despite the obvious increase in the quality and 
international scientific standing of the  JJBS, more effort 
and organization should be performed to enhance the 
international prestige of the journal. Herein, I offer some 
suggestions to increase the standards adopted for the 
journal. Attracting as many articles as possible depends on 
several criteria, most notably providing a variety of 
formatting options and expanding the journal's scope. 
Informative and obvious scope and titles and enabling 
authors to submit their work within diverse formatting 
options can attract more submissions and result in more 
reads. Commitment to firm and clear ethical principles and 
policies and processes are required in selecting 
manuscripts. This will certainly improve the credibility of 
the journal, locally and globally, and will also increase its 
value. An effective and clear review system that shortens 
turnaround times leads to attracting more submissions. 
Moreover, publishing several types of articles including 
review papers, meta-analysis articles, systematic articles, 
case studies, and others could expand the journal's scope, 
draw readers, and increase citations. Finally, lunching an 
international conference annually in the field of biologicals 
sciences under the title “New Trends in Biological 
Sciences” supported by the JJBS will enhance the journal's 
feasibility and reputation, locally and internationally.  

Finally, I would like to express my appreciation to the 
former editors, reviewers, authors and readers who have 
assisted the journal throughout the years. Working in the 
journal is considered as a team effort, and I have the 
privilege as a member of the Editorial Board to collaborate 
with committed, enthusiastic and motivated colleagues 
from different Jordanian Universities. I want, on behalf of 
the journal, to express my gratitude to the current 
Associate Editor, Dr. Muhannad Massadeh, the Associate 
Editorial Board and the International Advisory Board for 
their dedication to science and serious work. Special 
thanks go to the current Editor-in-Chief Professor Manar 
Atoum for her dedicated and significant work to organize 
and develop the journal. Thanks are also extended to The 
Hashemite University and the supporting entities 
represented by the Ministry of Higher Education & 
Scientific Research and the Scientific Research Support 
Fund for this outstanding national achievement. 
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Abstract  

The association of different infections with the subsequent occurrence of autoimmunity, just like autoimmune thyroiditis, has 
recently been increased globally. This study aimed to determine the role of Helicobacter pylori (HP) infection in 
Hashimoto's disease. The research groups involved 50 patients with Hashimoto’s disease and 50 healthy subjects. All of 
them were subjected to the estimation of concentrations of free triiodothyronine (FT3), free thyroxine (FT4), TSH, anti-
thyroid peroxidase (anti-TPO), and anti-thyroglobulin (anti-Tg). In addition, for the diagnosis of HP, IgG, as well as anti-
CagA antibodies in the serum, were detected. An independent t-test was used to test the significance of the means. Also, an 
odd ratio was used to clarify the association between H. pylori infection and HT disease. Statistical significance was detected 
when P-value is equal to or less than 0.05. The results indicated that 94% of Hashimoto’s patients and 34% of the healthy 
subjects were seropositive for HP IgG. Also, (74%) of the HT patients were seropositive for HP IgG/anti-CagA. These 
results were significant at the level of 0.01 (p< 0.001). Hashimoto’s patients with HP/CagA positive tests have significantly 
elevated concentrations of anti-TPO (480.69±311.29), anti-Tg (336.00±175.95), and TSH (20.43±18.98) compared with 
patients tested negatively to HP/CagA antibodies (358.60±281.55, 258.36±170.09 and 9.02±5.94 respectively). In 
conclusion, there is a relationship between H. pylori infection and the development of Hashimotoʼs thyroiditis in Iraqi 
patients. H. pylori infection, especially CagA expressing strains, could be a risk factor for the development of autoimmune 
hypothyroidism and to a lesser extent its progression by increasing the concentration of thyroid antibodies and TSH, which 
in turn leads to decreased levels of the thyroid hormones and worsening of the disease, requesting antibiotic therapy to 
eradicate the bacterial infection.  

Keywords: Hashimoto's thyroiditis, H. pylori infection, correlation, anti-TPO, anti-Tg, CagA. 
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1. Introduction:  

Autoimmune thyroid diseases (AITDs) are many 
distinct clinical disorders, of which Hashimoto's 
hypothyroidism (HT) and Graves' hyperthyroidism are the 
most prominent (Caturegli et al., 2014). They reflect 
examples of autoimmune organic-specific diseases which 
are restricted to the thyroid gland. HT is highly abundant 
in a female with an incidence ratio of about 8:1(Casto et 
al.,2021). However, according to the positive results of 
laboratory tests in women for the occurrence of 
autoantibodies for thyroid, about 10% of the population 
are suffering from HT (Machała et al.,2019). In the 
pathogenesis, the thyroid antigens may be presented by 
dendritic cells as foreign antigens to the T-cells leading to 
its proliferation and differentiation into thyroid-specific T-
cells (Th1, Th2, and CD+8) producing different cytokines 
like IL-12, IL-17, and IFN-α which in turn mediate thyroid 
infiltration and cytotoxicity (Ramos-Leví, and Marazuela, 
2016; Machała et al.,2019). Although the exact cause of 
AITD is unknown, they are genetically expressed and 
require an environmental trigger (Ragusa et al.,2019). 
Infection with Helicobacter pylori (HP), a gram-negative, 
motile, microaerophilic bacteria, is a potential 

environmental factor, causing persistent inflammation and 
immunological response in vulnerable individuals (Choi et 
al.,2017).   

Studies have revealed that levels of anti-H. 
pylori cytotoxin-associated gene A product (anti-CagA) 
are significantly higher in HT patients than in healthy 
controls (Figura et al.,1999). CagA expressing strains 
of H. pylori have higher inflammatory activity, and they 
raise inflammatory cytokine levels in the stomach and 
throughout the body in an infected person, which may be 
associated with the extra-intestinal consequences of the 
host tissues and the subsequent development of 
autoimmunity (Figura et al., 2020). However, researchers 
are unable to clarify the H. pylori-related consequences 
that can cause thyroid autoimmunity. Also, the specific 
processes by which exposure to a microorganism induces 
more than one manifestation of autoimmunity 
(Hamid,2017; Hou et al., 2017). Delitala et al have 
suggested that H. pylori may expose the host’s sequestered 
epitopes to the immune system leading to the development 
of autoimmune reaction (Delitala et al.,2016). In this 
context, the current study aimed to investigate the 
correlation between H. pylori infection and Hashimotoʼs 
thyroiditis and to evaluate if there is an effect of H. 
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pylori on the serum levels of thyroid hormones and TSH in 
the patients. 

2. Materials and Methods 

The present study involved 100 persons (males and 
females) aging between (9-50 years) during the period 
from Dec. 2019 to Dec. 2020. Study participants were 
classified into two groups. The 1st group (50 patients) 
attended the specified center of diabetes and endocrine 
glands diseases in Amara city with symptoms suspected to 
have Hashimoto thyroiditis which was confirmed using 
serological tests for the detection of anti-TPO and anti-Tg. 
The second group (50 persons) were healthy persons of 
comparable age and sex and considered a control group. 
They were all subjected to serologic tests for the diagnosis 
of autoimmune thyroiditis. All of the study participants 
have read and signed the patient consent form, and the 
study has been approved by the Committee of Scientific 
Research Ethics / Amara Medical Institute. 

3. Sample collection 

Ten ml of venous blood was collected from all the 
study participants then centrifuged at 5000 rpm /min for 5 
mins and the obtained sera were used for the serological 
methods for the estimation of thyroid antibodies (Anti-
TPO and Anti-Tg) as well as thyroid hormones (FT3, FT4) 
and TSH.   

4. Estimation of thyroid hormones levels in the serum 

Serum levels of the thyroid hormones free 
triiodothyronine (fT3), free thyroxine (fT4), and thyroid-
stimulating hormone (TSH) were determined on the same 
day of blood collection by using the 
electrochemiluminescence immunoassay method (Cobas, 
comp. Penzberg, Germany). The results were expressed in 
IU/mL as per the manufacturer’s instruction.  

5. Detection of thyroid auto-antibodies in the serum 

Serum concentrations of anti-Tg and anti-TPO were 
evaluated using a chemiluminescent immunoassay 
(Mindray, China). As per the instructions of the 
manufacturer, the results have been recorded in IU/mL.  

6. Detection of H. pylori infection 

H. pylori infection in HT patients and control group has 
been diagnosed by using two ELISA kits (Hp-IgG, 
Monobind Inc. USA and anti-CagA, Sunlong Biotech. 
China). Biotech ELISA reader and washer (Biotech, USA) 
was used, and the procedure was applied; results were 
achieved as per the manufacturer’s instructions.  

7.  Statistical analysis 

Results of the current study were analyzed using SPSS 
software package ver.23 (performed by IBM Co. USA). 
An independent t-test was used to test the significance of 

the means. Also, an odd ratio was used to clarify the 
association between H. pylori infection and HT disease. 
Statistical significance was considered when the P-value is 
equal to or less than 0.05.  

8. Results  

The current study is a case-control study that involved 
(50) HT patients and (50) healthy controls. All of the study 
participants were subjected to the estimation of serum 
FT3, FT4, TSH, anti-TPO, and anti-Tg. The results found 
a significant increase in serum TSH concentrations 
(P <0.001) in HT patients compared to healthy subjects as 
shown in table (1). Serum FT4 and FT3 concentrations 
were also elevated in HT patients compared to the control 
group which is not statistically significant.  
Table 1: Serum concentration of thyroid hormones in HT patients 
and healthy controls.  

Hormones  
HT group 
Mean ± SD  

Control group 
Mean ± SD  

P value  

FT3 (pmol/L)  4.76±1.50  7.84±4.39  0.031*  

FT4 (pmol/L)  12.07±4.27  15.57±3.58  0.056*  

TSH (µIU/ml)  18.53±17.60  2.45±1.50  <0.001** 

**Results are significant at 0.01 level. *Results are significant at 
0.05 level. SD: standard deviation  

The levels of both of anti – TPO antibodies, as well as 
anti - Tg antibodies, are significantly increased (P-value < 
0.001) in HT patients against the healthy group, table (2).  

Table 2: Serum concentration of thyroid auto-antibodies in the 
study groups.  

Thyroid 
antibodies 

HT patients 
Mean ± SD  

Control 
Mean ± SD  

P value  
Reference 
value  

Anti-TPO 
(IU/L)  

424.79 ± 381.90 1.92 ±0.08  <0.001**  (≤ 9IU/ml)  

Anti-Tg 
(IU/L)  

56.76 ± 15.41  3.59 ±5.07  <0.001** (≤ 4IU/ml)  

**Results are significant at 0.01% level. SD: standard deviation  

The incidence of H. pylori antibodies (IgG, CagA) 
among HT patients and the healthy control group is 
described in table (3). The HT patients with positive H. 
pylori IgG were significantly higher (47 of 50, 94%) 
compared to the healthy subjects (17 of 50, 34%). These 
results were highly significant (OR: 7.01, P-value < 
0.001). Similarly, samples with positive results for both 
HP-IgG and anti-CagA represented (37%) of the HT 
patients and overall study groups, as all of the healthy 
subjects were seronegative for anti-CagA antibody. On the 
other hand, only (17, 34%) of the HT group showed 
positive H. pylori IgG results and negative anti-CagA 
against (20%) in the control group. These results were 
insignificant (OR: 1.83, P: 0.18).        
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Table 3: Incidence of HP-IgG and anti-CagA antibodies among HT patients and control group  

H. pylori IgG / CagA status  
HT n=50  Control n=50  

P value OR 95% CI 
No. (%)  No. (%) 

HP+  47(94%)  17(34%)  < 0.001** 7.01 3.00 to 16.39 

HP-  3(6%)  33(%66)  < 0.001** 0.03 0.008 to 0.121 

HP+/CagA+  37(74%)  0 (0%)  < 0.001** 280.55 16.16 to 4870.44 

HP+ / CagA -  17(34%)  10(20%)  0.18 1.83 0.83 to 5.10 

 **Results are significant at 0.01% level. OR: odd ratio. 95% CI: confidence intervals. 

The results of table (4) showed that TSH levels were 
non-significantly elevated in HT patients who had H. 
pylori IgG (HP+) in their sera in comparison with those 
with (HP-) sera. As a result, levels of the thyroid hormones 
(FT3 and FT4) were insignificantly lower in HT patients 
who tested positive for HP IgG compared to those who 
tested negative. In HT patients who tested positive for 

both H. pylori antibodies (HP+/CagA+) the levels of TSH 
were significantly higher (P value=0.008) compared to 
those with HP+/CagA- tests. As a consequence, there was 
an insignificant decrease in the levels of thyroid hormones 
(FT3 and FT4) in these patients compared to those with 
(HP+/CagA+) results, table (4).   

Table 4: Serum levels of FT3, FT4 and TSH in HT patients according to the type of H. pylori antibodies.  

Thyroid hormones 

(Mean± SD)  

H. pylori antibodies 

HP + HP - P value HP+/CagA+ HP+/CagA- P value 

FT3 4.58 ± 1.44  4.76 ± 1.49  0.94 5.43 ± 1.56  4.58 ± 1.44  0.805  

FT4 11.96 ± 4.42  12.00 ± 4.31  0.943 11.14 ± 4.08  11.96 ± 4.42  0.801  

TSH 20.34 ± 15.98  17.93 ± 11.63  0.457 20.43 ± 18.98  9.02 ± 5.94  0.008**  

  *Results are significant at 0.05 level. SD: standard deviation. 

In the same context, there is a considerable elevation 
(P-value =0.05) in the concentrations of anti – TPO among 
HT patients who tested positive for both H. 
pylori antibodies (IgG and anti-CagA) when compared 

with those who tested negative, table (5). Serum levels of 
anti – Tg on the other hand, have also been elevated in the 
same groups but this elevation was not statistically 
significant. 

Table 5: Serum levels of anti-TPO and anti-Tg in HT patients according to the type of H. pylori antibodies.  

Thyroid antibodies  

(IU/ml)  

H. pylori antibodies 

HP + HP - P value HP+/CagA+ HP+/CagA- P value 

Anti-TPO  

(Mean ± SD) 
443.62 ± 386.72 106.65 ± 20.40 0.05* 480.69 ± 311.29 358.60 ± 281.55 0.05* 

Anti-Tg (Mean ± SD) 336.00 ± 175.95 330.00 ± 190.95 0.943 336.00 ± 175.95 258.36 ± 170.09 0.721 

*Results are significant at 0.05 level. SD: standard deviation.

9. Discussion  

Our results found that serum levels of TSH, thyroid 
autoantibodies were significantly increased in HT patients 
when compared with normal control. Also, thyroid 
hormones (FT3 and FT4) were elevated in HT patients, but 
this elevation was not significant. These results could be 
considered as an indication for the development of 
subclinical hypothyroidism which is characterized by 
elevated TSH levels and normal FT3 and FT4 levels 
(Machała et al.,2019).  

For the diagnosis of HT, the current study was 
dependent on the estimation of serum concentrations of 
anti-TPO and anti-Tg antibodies; the results indicated, as 
shown in table (2), that the concentrations of these 
antibodies were significantly higher (P<0.001) in patients 
compared to the healthy controls. Elevated concentrations 
of the thyroid autoantibodies and TSH as well as normal 
levels of thyroid hormones (FT3 and FT4) indicated the 

development of subclinical HT disorder. Anti-TPO and 
anti-Tg antibodies are widely available and commonly 
used in clinical diagnostic laboratories for HT disease 
(Wang et al., 2018). These antibodies are the major anti-
thyroid antibodies in Hashimoto's disorder, and growth in 
anti-TPO antibodies has been linked to clinical symptoms 
of illness progression in the future (Acar et al., 2013). 
Furthermore, Siriwardhane et al. (2019) concluded that 
serum levels of anti-Tg and anti-TPO can be used as 
markers for early prediction of the development of thyroid 
autoimmunity; they also recommend adding these tests to 
the same list of thyroid function tests which include FT3, 
FT4, and TSH. On the other hand, (10%) of persons with 
Hashimoto's disease may not have anti-TPO antibodies in 
their bloodstream There have been cases of negatively 
tested Hashimoto's hypothyroidism when thyroid 
antibodies production was restricted to the gland 
(Carbone et al., 2019).  

Based on the results of table (3), the presence of 
both H. pylori antibodies used in this study was 
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significantly higher (P<0.001) among HT patients (94% 
for HP-IgG, 74% for anti-CagA) compared to the healthy 
subjects (17% for HP-IgG, 0% for anti-CagA). These 
findings indicate that there is an association between H. 
pylori infection and Hashimotoʼs disease, suggesting a role 
of the bacteria in the subsequent development of HT in 
Iraqi patients.   

Consistence with our results, Al-Shaibani et al found 
that (94.07%) of HT patients from Baghdad city were 
seropositive to H. pylori IgG antibodies. Hamid (2017) 
revealed that H. pylori IgG was present in (57%) of HT 
patients in Baghdad city. Similar findings have been found 
by Arslan et al, and Elazaim et al, who concluded that 
there is an association between thyroid autoimmunity 
and H. pylori infection. This study was unable to clarify 
the H. pylori-related consequences that can cause thyroid 
autoimmunity, However, we agree with the opinion "The 
specific processes by which exposure to a microorganism 
induces more than one manifestation of autoimmunity are 
not well defined" (Hou et al.,2017; Hamid,2017). 
Furthermore, some of the thyroid proteins have recently 
been found to share putative conserved domains with 
numerous H. pylori antigens, hence H. pylori infection 
could induce HT disease through an increased 
inflammatory status and molecular mimicry (Figura et 
al.,2020).  

The results of tables (4 and 5) showed that HT patients 
with positive results to HP-IgG and/or anti-CagA have 
significantly increased the serum levels of TSH and 
thyroid autoantibodies (anti-TPO and anti-Tg). The 
elevated levels of TSH, anti-TPO and anti-Tg especially in 
HT patients infected with CagA expressing strains of H. 
pylori could be due to the inflammatory response caused 
by H. pylori infection, which in turn increases the 
cytokines expression leading to increased infiltration of 
thy thyroid by the effector lymphocytes (due to the 
molecular mimicry). This could subsequently damage the 
thyroid tissues, thus increasing the disorder's progression. 
Our results were consistent and were confirmed by a local 
study (Aboud, 2011) in addition to other regional and 
international studies (Aghili et al.,2013; Shi et al.,2013; 
Korani et al.,2016). Otherwise, Bassi et al. concluded that 
the correlation between H. pylori and autoimmune thyroid 
diseases was found only with Graves's disease and not 
Hashimoto's. Also, Shmuely et al. couldn’t clarify the 
importance of H. pylori infection in women suffering from 
Hashimoto's disease. We think that several factors may 
explain these variations in the results including the study 
population, size, area of study, methodology used for the 
diagnosis of H. pylori infection, types of tests used in the 
statistical analysis, and finally the genetic and 
environmental factors related to each study. However, the 
current study has several limitations including small 
sample size, and the dependence on serological methods 
only to diagnose H. pylori infection. So, more studies on 
the molecular level are badly required.    

10. Conclusion 

According to the results of the present study, it can be 
concluded that there is a relationship between H. 
pylori infection and the development of Hashimotoʼs 
thyroiditis in Iraqi patients. H. pylori infection, especially 
CagA expressing strains, could be a risk factor for the 

development of autoimmune hypothyroidism and to a 
lesser extent its progression increases the concentration of 
thyroid antibodies and TSH, which in turn leads to 
decreased levels of the thyroid hormones and worsening of 
the disease, thus requesting antibiotic therapy to eradicate 
the bacterial infection. Accordingly, it is reasonable to 
recommend the addition of thyroid antibodies (anti-TPO 
and anti-Tg) to the list of the thyroid function test and to 
examine the correlation between H. pylori infection with 
Graves’ disease. More studies are recommended to clarify 
the molecular mechanism underlying the association 
between H. pylori infection and HT disease.  
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Abstract 

Background: Obesity is a global health pandemic; several studies have indicated that people commonly seek claim diets and 
herbal supplementations 
Aim: The study aimed to assess the prevalence of herbs and supplementation use and other weight-loss strategies among 
adults in Jordan. 
Methods: A cross-sectional study was conducted on a sample of 689 adults (≥18 years) using a structured validated online 
questionnaire. Data about sociodemographic, anthropometric data, weight-loss strategies, diets, and herbs used were 
collected.  A frequency descriptive statistic test was used to describe the sample. A p-value of < 0.05 was considered 
statistically significant.   
Results: 28.9% of the participants reported the most common source of diets they followed to either by themselves or 
dietitians (26.0%). Also, 23.4% reported that they followed more than one diet. Almost three-quarters of participants 
(74.7%) reported that they think that weight-loss diets are unsafe to be decided by a dietitian. The majority of participants 
(83.5%) reported that they do not believe in the role of using herbs, and supplementations alone to reduce weight.  The most 
commonly used single herb was green tea (43.1%). 38.2% of total participants think that using herbal supplements for 
weight reduction is safe. Slightly less than one-third of the participants suffered from side effects after using herbs. 
Conclusions: The obese and overweight adults in Jordan seek different weight-reducing strategies, including the of use diet 
practices, herbs, and supplementations. More national studies with different designs are required. Also, strategies may be 
needed to increase national population awareness about different weight loss practices (cons and pros). 
Keywords: herbs; supplementations; overweight; obesity; Jordan; fad diets; weight loss practices 
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1. Introduction 

The prevalence of obesity has doubled in the last 40 
years in more than 70 countries worldwide (GBD 2015 
Obesity Collaborators et al., 2017). Moreover, almost 50% 
of the world’s adult population is predicted to be 
overweight or obese by 2030 (Dobbs et al., 2014). 
Regarding morbidity and mortality, obesity is a global 
public health problem, attributed to 5.0% of deaths 
worldwide in 2014 (Tremmel et al., 2017). Additionally, it 
is associated with an elevated risk of several non-
communicable diseases, such as diabetes mellitus (DM), 
dyslipidemia, cardiovascular disease (CVD), and cancer 
(Hruby and Hu, 2014).  

This reflects the situation in Jordan; the rate of obesity 
is high and increasing. Hence, a national household survey 
study included 4056 adults (18–90 years) in Jordan. It was 
conducted in 2017 to determine the prevalence of obesity 
and associated factors and comorbidities. They found that 
the age-standardized prevalence of obesity was 60.4% 

among men and 75.6% among women, while 
approximately three-quarters of men and women were 
overweight or obese, as defined by BMI (Ajlouni et al., 
2020). 

Although the literature has approved those long-life 
modifications in diet and lifestyle as the best strategies to 
maintain a healthy weight in the long term, a good 
percentage of people are undertaking fad diets associated 
with alternative solutions with the hope of losing weight 
fast and easily (Kuchkuntla et al., 2018). There is a wide 
range of proposed fad diets over the last centuries. They 
can be categorized into several main groups, including 
low-/no-carbohydrate (a high intake of protein and/or fat is 
recommended such as the Atkins diet, the Dukan Diet, and 
the South Beach diet), high-carbohydrate/high-fiber (like 
the Ornish diet) and liquid formula diets or very low 
calories (Khawandanah and Tewfik, 2016). Although fad 
diets are simple to lose weight, many studies have 
indicated that such diets are unsustainable in the long term 
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and can cause several adverse health side effects 
(Khawandanah and Tewfik, 2016) 

Herbs are considered one of the most common 
alternative therapies for weight loss worldwide (Barnes et 
al., 2004). Many studies have investigated the efficacy and 
safety of medicinal plants in treating obesity, dyslipidemia, 
and diabetes mellitus (Hasani‑Ranjbar et al., 2009; 
Hasani‑Ranjbar et al., 2010; Lenon et al., 2012). 
Additionally, many plant and plant products have been 
shown to possess anti-obesity effects, including 
Curcuma longa (curcumin), Zingiber officinale (ginger), 
Nigella sativa (black seed), Camellia sinensis (black 
Chinese tea, green tea), Bidens odorata, soybean, apple 
cider vinegar, castor oil, and flaxseeds (Hasani‑Ranjbar et 
al., 2013; Eldalo et al., 2017; Alonso-Castro et al., 2019). 
In Jordan, herbs, and supplements are freely available in 
both pharmacies (registered approved products by JFDA) 
and herbal remedy traditional shops (unregistered 
products), using very high expectations propaganda 
regarding fast and safe weight loss. To date, there is not 
enough data to examine the practices of weight loss in the 
MENA region and Jordan in particular regarding the use of 
herbal supplementations, plant-based products, or fad 
diets; hence, the objective of the study was to assess the 
prevalence of weight-loss strategies and herbs and 
supplementation use among adults in Jordan. 

2. Material and Methods 

2.1. Design, Sampling, and Procedures 

A cross-sectional survey was conducted from February 
to April 2021 in Jordan by the Herbal Dynasty Medical 
Center team, in Amman, Jordan. An online self-report 
questionnaire was carried out in a random sample among 
adults ≥ 18 years.  

The study data collection was performed using a 
structured validated online questionnaire established using 
Google Forms and disseminated through internet routes 
(WhatsApp, Facebook, and Messenger). It was developed 
after an extensive review of related studies. The 
questionnaire included the study's purpose description and 
agreement to participate; self-reported sociodemographic 
and anthropometric data, including weight (kg) and height 
(cm); weight-loss strategies and herbs and supplementation 
use data. Informed consent for each participant was 
obtained on the first page of the survey, and the privacy 
and confidentiality of the respondents were strictly 
protected. Inclusion criteria included being of age ≥18, 
being a nonpregnant and nonlactating woman, and having 
the ability to read and write Arabic. The appropriate 
sample size for this study was calculated using Raosoft 
software (Raosoft, Inc. free online software, Seattle, WA, 
USA). In 2020, Jordan’s total population is approximately 
10 million, and about 7.09 million (64% of the total 
population) are adults, based on the Department of 
Statistics (Department of Statistics, 2020). A recent study 
estimated that approximately 75% (about 5.32 million) of 
the Jordanian population is either overweight or obese 
(Ajlouni et al., 2020). With a confidence interval of 5%, a 
confidence level of 95%, and a response distribution of 
50%, a sample size of 385 was necessary. In our study, a 
larger same size was used in case patients refused to enroll 
in the study or did not match the inclusion criteria 

(pregnant and lactating women, who cannot write and read 
Arabic, and are less than 18 years old). Therefore, 689 
participants completed the online questionnaire; among 
them, 477 were overweight and obese subjects. 

The Department of Clinical Nutrition and Dietetics, 
Faculty of Science at Philadelphia University, Jordan, 
approved the study protocol. The World Medical 
Association Declaration of Helsinki regarding the ethical 
conduct of research involving human subjects was 
followed. 
2.2. Reliability and Validity of the Questionnaire 

The questionnaire was pre-tested for validity and 
reliability on a pilot sample of 30 participants, which was 
not included and excluded from the final sample. 
Cronbach’s alpha (α) was used and calculated for the 
validity and reliability of the questionnaire (Noble and 
Smith, 2015). The results showed that the questionnaire 
had a Cronbach’s α value equal to 0.715, indicating good 
reliability. 
2.3. Self-reported Measurements 

Participants reported their weight and height; their BMI 
was calculated and categorized as follows: underweight 
(<18.5 kg/m2), normal weight (18.5 to 24.9 kg/m2), 
overweight (25 to 29.9 kg/m2), and obese (over 30 kg/m2) 
(Center of Disease Control (CDC), 2020); the excess 
weight group included overweight and obese participants. 
Additionally, self-reported sociodemographic data, 
including sex, age, educational level, and marital status, 
were reported. In addition, they were asked about weight 
loss strategies that were followed, the name of herbs they 
were using for weight loss, form, usage duration, beliefs 
about efficiency, and by whom it was described (families 
or friends, media, or health care providers) and obtaining 
method in the past three to five years from data collection. 
2.4. Statistical Analysis 

 Analyses were carried out using SPSS software (IBM 
SPSS Statistics for Windows, Version 22.0. Armonk, NY: 
IBM Corp). Frequencies, means, and standard deviation 
ranges were calculated using frequency descriptive 
statistical tests to describe the sample. The chi-square test 
was used to assess differences in proportions. The p-value 
of < 0.05 was considered statistically significant. 

3. Results 

3.1. Participant General Characteristics 

A total of 689 participants responded to this 
questionnaire. More than four-fifths of the participants 
(82.7%) were female. Mean± SD of participants’ BMI was 
28.0±6.3 kg/m2. Slightly more than three-quarters of the 
participants were 18–40 years old (77.4%). Seventy-one 
percent of the participants were living in middle Jordan 
(71%), and the majority reported having excess weight 
(69.1%) (Table 1). 
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Table 1. Demographic characteristics of participants (n=689). 

Characteristic  Values1  

BMI (kg/m2), mean ± SD 28.0 ± 6.3 

Sex  

Females  570 (82.7) 

Males  119 (17.3) 

Age (years) 

18-40  533 (77.4) 

41-65  155 (22.5) 

65 <  1 (0.1) 

Living areas  

North Jordan  96 (14)  

Central Jordan  489 (71) 

South Jordan  104 (15) 

Marital status 

Married 247 (35.8) 

Single 395 (57.3) 

Other2 47 (6.9)  

Educational level 

Secondary education 105 (15.2) 

College or university  493 (71.6) 

Postgraduate education 91 (13.2) 

Weight Categories 

Normal weight 213 (30.9) 

Excess weight3 476 (69.1) 

BMI, Body mass index 
1 Values are n (%) unless otherwise noted. 
2 others, including the divorced, widowed, engaged, and 
complicated relationship       
3 excess weights, a group including overweight and obese 
participants  

3.2. Participants’ Self-Image and Weight Reduction 
AttitBelieveieves 

Table 2 shows that almost two‑thirds (69.3%) of 
respondents reported that they think their weight is not 
healthy. The percentage of participants with normal weight 
who reported that they thought their weight was healthy 
was significantly higher than those with excess weight 
(53.3% and 5.2%, respectively; p value<0.001). Of all the 
participants, 16.7% reported that they believe that they had 
excess weight for less than a year. In comparison, 20.3% 
of excess weight participants reported that they were 
diagnosed less than a year, significantly (p value<0.001) 
more than the participants with a normal weight (8.5%). 
Moreover, (28.9%) of the participants reported the most 
common source of diets they followed was by themselves 
or by dietitians (26.0%). Normal weight participants 
reported that the most common source of diet they 
followed was themselves (27.4%), followed by dietitians 
(17.0%), which had a significantly lower reported 
percentage than participants with excess weight (29.6% vs. 
30.0%, respectively; p value<0.001). Regarding the type 
of diets followed, 19.4% of participants did not follow any 
weight-reducing diet, 23.8% of total participants reported 
that they followed a low-calorie diet, 15.4% followed an 
intermittent fasting diet, and 23.4% followed more than 
one diet. The percentages of excess weight participants 
who reported following a low-calorie diet, an intermittent 
fasting diet, and more than one diet were higher than those 
of participants with normal weight, with values of 24.9% 
vs. 21.2%, 15.5% vs. 15.1%, and 26.0% vs. 17.5%, 
respectively. Almost three-quarters of participants (74.7%) 
reported that they thought that weight-loss diets were not 
safe and needed to be decided by professionals.
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Table 2. Participant’s self-image and weight reduction attitude beliefs. 

Total (n=689)  
Weight categories 

p-value 
Normal (n=212) Excess (n=477) 

Self-image and weight beliefs: 
Do you believe your weight is healthy? 
Yes 138 (20.0) 113 (53.3) 25 (5.2) 

<0.001 No 477 (69.3) 59 (27.8) 418 (87.6) 
Maybe 74 (10.7) 40 (18.9) 34 (7.2) 
If you believe you have excess weight, for how long do you think you suffer from it? 
Less than a year 115 (16.7) 18 (8.5) 97 (20.3) 

<0.001 

For five years 60 (8.7) 3 (1.4) 57 (11.9) 
5-10 years 59 (8.6) 3 (1.4) 56 (11.7) 
11-15 years 12 (1.7) 1 (0.5) 11 (2.3) 
Over 15 years 24 (3.5) 0 (0.0) 24 (5.0) 
I don't think I am obese 419 (60.8) 187 (88.2) 232(48.6) 
Participants’ Attitude and knowledge toward diet for weight loss: 
If you have followed a weight loss diet, who has prescribed it to you? 
I did not follow a diet 108 (15.7) 62 (29.2) 46 (9.6) 

<0.001 

Physician 11 (1.6) 3 (1.4) 8 (1.7) 
Dietitian 179 (26.0) 36 (17.0) 143 (30.0) 
Friend or family member 53 (7.7) 20 (9.4) 33 (6.9) 
Internet 130 (18.9) 28 (13.2) 102 (21.4) 
By myself  199 (28.9) 58 (27.4) 141 (29.6) 
All sources mentioned 8 (1.2) 0 (0.0) 1 (0.2) 
Others 1 (0.1) 5 (2.4) 3 (0.6) 
If you have followed a diet, what was it? 
I did not follow any kind of diet 134 (19.4) 66 (31.1) 68 (14.3) 

<0.001 

Low calories diet 164 (23.8) 45 (21.2) 119 (24.9) 
Low carbohydrates diet 54 (7.8) 7 (3.3) 47 (9.9) 
ketogenic diet 8 (1.2) 2 (0.9) 6 (1.3) 
High protein diet 19 (2.8) 7 (3.3) 12 (2.5) 
Intermittent fasting diet 106 (15.4) 32 (15.1) 74 (15.5) 
Blood type diet 2 (0.3) 1 (0.5) 1 (0.2) 
Mediterranean diet 5 (0.7) 3 (1.4) 2 (0.4) 
Others 36 (5.2) 12 (5.7) 24 (5.0) 
I followed more than one diet 161 (23.4) 37 (17.5) 124 (26.0) 
Do you think following a weight loss diet by yourself is safe, and there is no need to be prescribed by a professional? 
Yes 158 (22.9) 41 (19.3) 117 (24.5) 

0.267 No 515 (74.7) 167 (78.8) 348 (73.0) 
Sometimes 16 (2.4) 4 (1.9) 12 (2.5) 

3.3. Participants’ Beliefs, Knowledge, and Consumption of 
Herbs and Supplementations for Weight Reduction 

Table 3 shows that the majority of participants (83.5%) 
reported that they did not believe in the role of using herbs 
and supplementations alone to reduce weight, while 77.9% 
of participants reported that they believed in the role of 
using herbs and supplementations along with diet and 
exercises for weight reduction. A total of 32.2% of 
participants reported that they did not use herbs for weight 
reduction. In an attempt to lose weight, the practice of 
taking 2–3 and 4–6 different herbs together was used by 
23.9% and 18.7% of the participants, respectively. The 
most commonly used single herb was green tea (Camellia 
sinensis) (7.7%). The excess weight participants 
significantly had a higher percentage of using 2–3 (27.5%) 
and 4–6 (23.1%) different herbs together compared to 
normal weight participants (16.0% and 9.0%, 

respectively). The most common herbal advisors for the 
participants who used herbs for weight reduction were the 
internet (22.1%), themself (21.3%), and dietitians (10.9%). 
Only 1.7% and 0.7% of participants reported that their 
herbal advisors were herbalists and physicians, 
respectively. For normal weight participants, the most 
common herbal advisor was by themselves (16.0%), 
followed by the internet (11.3%), while for excess weight 
participants, it was the internet (26.8%), followed by 
themselves (23.7%), and dietitians (12.6%). A total of 
58.6% of participants (33.5% of normal-weight 
participants and 69.8% of excess-weight participants) 
reported that they prepared herbs by mixing them with 
boiling water. More than half of the total participants 
(58.1%; 30.7% of normal-weight participants, and 70.2% 
of excess-weight participants) reported that they used 
herbs daily (one, two, or three times a day). 
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Table 3. Participants’ beliefs and attitudes toward herbs and supplementation use for weight reduction. 
 
Total (n=689) 

Weight categories 
p-value 

Normal (n=212) Excess (n=477) 
Do you believe in the role of herbs alone in losing weight? 
Yes 36 (5.2) 15 (7.1) 21 (4.4) 

0.344 No 575 (83.5) 174 (82.1) 401 (84.1) 
I don't Know 78 (11.3) 23 (10.8) 55 (11.5) 
Do you believe in the role of herbs in losing weight, along with diet and exercise? 
Yes 537 (77.9) 159 (75.0) 378 (79.2) 

0.375 No 77 (11.2) 25 (11.8) 52 (10.9) 
I don't Know 75 (10.9) 28 (13.2) 47 (9.9) 
Have you used any of the following herbs or foods to lose weight? 
I did not use herbs 222 (32.2) 126 (59.4) 96 (20.1) 

<0.001 

Apple vinegar 9 (1.3) 0 (0.0) 9 (1.9) 
Senna Makki 5 (0.7) 2 (0.9) 3 (0.6) 
Green tea 53 (7.7) 15 (7.1) 38 (8.0) 
Flaxseed 8 (1.2) 1 (0.5) 7 (1.5) 
Bran 3 (0.4) 1 (0.5) 2 (0.4) 
Curcumin 2 (0.3) 0 (0.0) 2 (0.4) 
Cumin 3 (0.4) 0 (0.0) 3 (0.6) 
Green coffee 5 (0.7) 2 (0.9) 3 (0.6) 
Lemon 7 (1.0) 0 (0.0) 7 (.5) 
Honey 12 (1.7) 4 (1.9) 8 (1.7) 
Chia seed 1 (0.1) 0 (0.0) 1 (0.2) 
Ginger 11 (1.6) 4 (1.9) 7 (1.5) 
Matcha tea 5 (0.7) 3 (1.4) 2 (0.4) 
Others 10 (1.5) 1 (0.5) 9 (1.9) 
Used 2-3 herbs 165 (23.9) 34 (16.0) 131 (27.5) 
Used 4-6 herbs 129 (18.7) 19 (9.0) 110 (23.1) 
Used more than 6 herbs 39 (5.7) 0 (0.0) 39 (8.2) 
Who prescribed herbs to you? 
I did not use herbs 224 (32.5) 124 (58.5) 100 (21.0) 

<0.001 

Physician 5 (0.7) 1 (0.5) 4 (0.8) 
Dietitian 75 (10.9) 15 (7.1) 60 (12.6) 
herbalist 12 (1.8) 0 (0.0) 12 (2.5) 
Friends or family member 73 (10.6) 14 (6.6) 59 (12.4) 
Internet 152 (22.1) 24 (11.3) 128 (26.8) 
By myself 147 (21.3) 34 (16.0) 113 (23.7) 
All of them 1 (0.1) 0 (0.0) 1 (0.2) 
How many times per day did you take herbs for weight loss? 
I did not use herbs 221 (32.1) 124 (58.5) 97 (20.3) 

<0.001 

Once-daily  207 (30.0) 41 (19.3) 166 (34.8) 
Twice daily 145 (21.0) 19 (9.0) 126 (26.4) 
3 times daily 48 (7.0) 5 (2.4) 43 (9.0) 
Once a week 17 (2.5) 4 (1.9) 13 (2.7) 
Twice a week 14 (2.0) 5 (2.4) 9 (1.9) 
3 times per week 26 (3.8) 6 (2.8) 20 (4.2) 
Other 11 (1.6) 8 (3.8) 3 (0.6) 
In which form do you take the herbs? 
I did not use herbs 222 (32.2) 123 (58.0) 99 (20.8) 

<0.001 
Powder 33 (4.8) 10 (4.7) 23 (4.8) 
Capsules 17 (2.5) 7 (3.3) 10 (2.1) 
Boiled as a tea 404 (58.6) 71 (33.5) 333 (69.8) 
Other forms 13 (1.9) 1 (0.5) 12 (2.5) 
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Table 4 shows the most commonly used type of herbs 
and supplementations alone or combined with other herbs 
reported by the participants. The reported use of green tea 
(Camellia sinensis), lemon (Citrus), ginger (Zingiber 
officinale), apple vinegar and cumin (Cuminum cyminum) 
by excess weight participants was significantly higher than 
normal-weight participants (50.9% vs. 25.5%; 41.3% vs. 
14.6%; 37.7% vs. 13.7%; 25.2% vs. 3.8%, and 26.2% vs. 
5.7%, respectively) with p value<0.001. 
Table 4. The percentage of commonly used herbs for weight 
reduction. 

Herbs All participants 
(n=689) 

Normal 
weight 

(n=212) 

Excess 
weight 

(n=477) 

p-
value 

Green tea 297 (43.1) 54 (25.5) 243 (50.9) <0.001 

Lemon 228 (33.1) 31 (14.6) 197 (41.3) <0.001 

Ginger 209 (30.3) 29 (13.7) 180 (37.7) <0.001 

Apple vinegar 128 (18.6) 8 (3.8) 120 (25.2) <0.001 

Cumin 137 (19.9) 12 (5.7) 125 (26.2) <0.001 

Note: data presenting herbs alone or combined with others 

3.4. Participants Believe and Knowledge Toward Herbs 
and Supplementations Use Safety for Weight Reduction 

As shown in Table 5, slightly more than one‑third 
(38.2%) of all participants thought that using herbs and 
supplementations for weight reduction was safe. Among 
normal-weight participants, 34.1% do not know if herbs 
and supplementations for weight reduction are safe, while 

33.2% of them think it is not safe, only 32.7% of normal-
weight participants think using the herb for weight 
reduction is safe. In contrast, 40.7% of excess weight 
participants thought that using herbs and supplementations 
for weight loss was safe, 25.8% did not think that, and 
33.5% did not know if it was safe. Of participants who 
reported using herbs and supplementations for weight loss, 
6.1% reported feeling a change in their weight in the 
beginning and then the effect stopped, 19.4% reported that 
they did not feel any change in their weight, and only 
14.7% reported feeling a change in their weight. Based on 
weight, the participant with the normal weight used herbs 
for weight loss and reported a weight change (9.4%) or 
feeling a change, in the beginning, then the effect stopped 
(2.8%). Slightly less than one‑third (27.3%) of the total 
participants suffered from the side effects of herbal 
medicine, (62.8%) of them reported one symptom, 
(21.8%) reported two symptoms, and (9.6%) and (5.9%) 
reported three and four symptoms, respectively. The most 
commonly reported side effects were diarrhea (42.1%), 
and headache (33.7%). From the studied group, (34.7%) of 
participants reported that they would use herbal 
medications again composed of (24.5%) of normal weight 
and (39.2%) of excess weight. On the other hand, (20.5%) 
of all participants would not use herbal medications again 
for weight loss, composed of (25.0%) of normal weight 
and (18.4%) of excess weight, p value= 0.001). Almost 
half of the participants (46.0%) reported that they would 
recommend herbs and supplements to their 
friends/relatives to lose weight. 

Table 5. Participants’ beliefs and knowledge about the safety of herbs and supplementations use for weight loss. 

 Total (n=689) 
Weight categories 

p-value 
Normal (n=212) Excess (n=477) 

Do you think that using herbs to lose weight is safe? 
Yes 263 (38.2) 69 (32.7) 194 (40.7) 

0.071 No 193 (28.1) 70 (33.2) 123 (25.8) 
I don't Know 232 (33.7) 72 (34.1) 160 (33.5) 
Did you feel that your weight changed after using the herbs? 
Did not use herbs 215 (31.2) 119 (56.1) 96 (20.1) 

<0.001 
Yes 101(14.7) 20 (9.4) 81 (17.0) 
No 134 (19.4) 28 (13.2) 106 (22.2) 
I don't Know 197 (28.6) 39 (18.4) 158 (33.1) 
In the beginning and then the effect stopped 42 (6.1) 6 (2.8) 36 (7.5) 
Have you experienced unpleasant symptoms or side effects during using herbs for weight loss? 
Did not use herbs 216 (31.3) 121 (57.1) 95 (19.9) 

<0.001 Yes 188 (27.3) 30 (14.2) 158 (33.1) 
No 285 (41.4) 61 (28.8) 224 (47.0) 
If you experience any side effects, how many did you have it? 
Had one symptom 118 (62.8) 18 (60) 100 (63.3) 

0.451 
Had two symptoms 41 (21.8) 9 (30) 32 (20.3) 
Had three symptoms 18 (9.6) 1 (3.3) 17 (10.8) 
Had four symptoms 11 (5.9) 2 (6.7) 9 (5.7) 
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                        Headache 
Yes 64 (33.7) 8 (25.0) 56 (35.4) 

0.254 
No 126 (66.3) 24 (75.0) 102 (64.6) 
                         Diarrhea 
Yes 80 (42.1) 13 (40.6) 67 (42.4)  

0.852 
No 110 (57.9) 19 (59.4) 91 (57.6) 
                    Interrupted period 
Yes 27 (14.2) 3 (9.4) 24 (15.2) 

0.390 
No 163 (85.8) 29 (90.6) 134 (84.8) 
                     Other symptoms 
Yes 11 (5.7) 2 (5.9) 9 (5.7)  

0.960 
No 182 (94.3) 32 (94.1) 150 (94.3) 
Are you going or intend to use the herbs again to lose weight? 
Yes 239 (34.7) 52 (24.5) 187 (39.2) 

0.001 No 141 (20.5) 53 (25.0) 88 (18.4) 
I don't Know 309 (44.8) 107 (50.5) 202 (42.3) 
Will you recommend herbs and supplementations to your friends /relatives to lose weight 
Yes 317 (46.0) 92 (43.4) 225 (47.2) 

0.359 
No 372 (54.0) 120 (56.6) 252 (52.8) 

4. Discussion 

In the Eastern Mediterranean Region (EMR), high 
alarming prevalence rates of obesity have been recorded in 
many countries due to changes in food consumption and 
increases in sedentary lifestyles (Rahim et al., 2014). 
Based on GBD 2015 Eastern Mediterranean Region 
Obesity Collaborators, the prevalence of obesity in adults 
increased from 15.1% in 1980 to 20.7% in 2015 (GBD 
2015 Eastern Mediterranean Region Obesity 
Collaborators, 2018). According to our study population, 
69.1% were either overweight or obese as defined by BMI; 
this matches the result of a recent study indicating that 
over three-quarters of Jordanian men or women were 
either overweight or obese (Ajlouni et al., 2020). 

Weight stigma and social pressure encourage people to 
lose weight, which pushes people, especially obese people, 
to use medications, including drugs and/or herbs, to lose 
weight (Tomiyama et al., 2018). Interestingly, over 80% of 
the participants followed one weight loss diet or more 
(23.4%). Also, 55.7% of the sample followed a weight loss 
diet from a friend or family member, internet searching, or 
on their own, although 74% think that it is not safe to 
follow a weight loss diet without professional guidance. 
Physicians and herbalists have a low role in herbal 
prescription. This was consistent with previous studies. 
For example, Issa reported that the majority of Jordanian 
university students (70.2%) depend on homemade herbs 
whereas the remnant students discuss with pharmacists 
before using them (Issa, 2018). Moreover, excess weight 
Saudi participants in Taif have relied on friends (35.8%) 
and herbalists (31.0%) (Eldalo et al. 2017). Also, Mexican 
overweight and obese adults have rested on family/friends, 
and personal prescriptions (67%, and 33% respectively) 
(Alonso-Castro et al., 2019). Obesity self-treatment was 
also stated in Colombia (Amariles et al., 2006), India 
(Sushama and Nandita 2012), and Brazil (Martin et al. 
2006). 

 In the present findings, the excess weight participants 
seek to follow a low-calorie diet, intermittent fasting, and 

more than weight-reducing diet practice. Despite the 
scientific facts about fad/claim diets for weight reduction, 
recent data have shown that excess weight subjects seek 
different diets such as low carbohydrate, ketogenic, high 
protein, intermittent fasting, single food item, skipping 
food group/s, and blood grouping (Khawandanah and 
Tewfik, 2016; Al-Bakheit, 2019). In Jordan, Al-Bakheit 
(2019) found that the three most common fad diets used by 
excess weight subjects were the high-protein diet (31.3%), 
fruits and vegetable diets (21.9%), and liquid diets (18.3%) 
(Al-Bakheit, 2019). Accordingly, Al-Kurd and Faris 
(2011) found that 22% of Jordanians tend to follow weight 
loss fad diets (Al-Kurd and Faris, 2011).  

In a national cross-sectional self-report survey, to 
assess the prevalence, utilization, and attitude toward 
herbal medicines among Jordanian adults, Abdel-Qader 
and colleagues (2020) found that 23.6% of study 
participants were using herbs for weight reduction and 
obesity. In our study, 67.8% of the participants used one or 
more herbs and supplements to lose weight. This 
inconsistency between the results of studies could be 
related to the data collection period conditions; as the data 
of this study were collected during the COVID-19 curfew 
in Jordan, there was a partial ban and prohibition of 
movement in the evening hours, as well as a general 
closure of all parks and gyms. Action plans for COVID-19 
quarantine have been linked closely with obesogenic 
practices, especially increasing food consumption, lower 
physical activity, and eating patterns shifted to unhealthy 
eating habits (Al Hourani et al., 2021). This has increased 
the tendency of people to search for quick solutions to lose 
weight or maintain weight. 

Internationally, several studies have investigated the 
prevalent use of herbal supplementation and reported that 
the prevalence of using herbal supplementation was 98.1% 
in a study in Saudi Arabia (Eldalo et al., 2017), 24.1% in 
Turkey (Bellikci Koyu et al., 2020), 32.3% in Iran (Eldalo 
et al., 2017), and 36% in the United States (Bertisch et al., 
2008). A population-based study conducted in the United 
States showed that herbal supplementation for weight loss 
purposes is more prevalent among people with excess 
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weight (Blanck et al., 2007). Likewise, in the current 
study, almost 80% of excess weight participants used 
herbal supplementation compared to 40.6% of normal-
weight participants. 

Taking a mixture of herbal supplementation of two to 
more 6 products was more frequent among the study 
participants. Other studies have reported the same (Blanck 
et al., 2007; Bellikci Koyu et al., 2020). As a part of the 
herbal mixture, green tea was the most commonly used 
herbal plant for weight loss among the study population, 
with slightly more than 43% of all participants and 50% 
overweight and obese, followed by lemon and ginger. This 
is similar to another study from Saudi Arabia, which 
reported that the use of green tea was the most frequent, 
with 88.4% (Eldalo et al., 2017). Hursel et al. (2009) 
reported in their meta-analysis that green tea has a positive 
effect on weight loss and weight maintenance; however, 
the effect was modest. Moreover, Jurgens and colleagues 
(2012) concluded that the impact of green tea has a small, 
statistically, and clinically nonsignificant impact on weight 
loss in overweight or obese adults. However, studies have 
reported that lemon and lemon juice might have favorable 
effects on weight loss (Tejpal et al., 2018) and 
hypocholesterolemic effects (Khan et al., 2010). 
Moreover, a systematic review and meta-analysis of 
randomized controlled trials conducted by Maharlouei and 
colleagues (2018) demonstrated that ginger intake reduces 
body weight, waist-to-hip ratio, hip ratio, fasting glucose, 
and HOMA-IR and increases serum HDL cholesterol 
levels but does not affect insulin, BMI, triglycerides, or 
total and LDL cholesterol levels. 

In the current study, participants mostly started using 
herbs based on information from the internet, themselves, 
friends or family members, and herbalists, but the 
percentage of taking herbs from health professionals 
(dietitians and physicians) was very low (11.6%). Similar 
findings have been reported elsewhere (Samojlik et al., 
2013; Bellikci Koyu et al., 2020). Using herbs might lead 
to several health risks (Pittler et al., 2005). Moreover, in 
the current study, over (27.3%) of all participants had 
unpleasant symptoms; however, 46.0% of the sample 
recommended using herbs for weight loss for friends or 
relatives. Therefore, it might be vital for health 
professionals to check and monitor if their patients use 
herbs and supplements. 

Only 2.5% of the sample used herbs in the form of 
capsules, which indicates that the majority of the sample 
purchases herbal supplements from herbalists or local 
markets but not pharmacies. To gain a good quality of the 
product, the whole process from harvesting to storage 
should be well monitored. Poor manufacturing and storage 
practices might result in contamination with metal 
residues, fungi, pesticides, parasites, or insects (Posadzki 
et al., 2012). In addition, imitation and adulteration related 
to the safety of herbs (Bellikci Koyu et al., 2020) and 
sibutramine intoxication have been proposed in a few case 
reports (Bertholee et al., 2013; Pamukcu Gunaydin et al., 
2015). For such reasons, it is critical to control herbs and 
their selling places in Jordan. 

This study has many limitations; there was a lack of 
anthropometric measurement standardization, as it was 
self-reported by online questionnaires. Medication intake, 
herb-medicine interactions, period of commitment or use 
of diet practices, herbs, or supplements (extended 

period…or limited…), and participant disease history were 
not recorded in the survey. Additionally, data collection 
occurred during the COVID-19 quarantine, when many 
behaviors and attitudes changed. Finally, accessibility in 
sampling was the rural adults, and those who do not have 
access to technology were not included. 

5. Conclusion 

The obese and overweight adults in Jordan seek 
different weight-reducing strategies, including the use of 
diet practices, herbals, and supplements. The current study 
suggests that the use of herbs and supplementations for 
weight loss purposes is very frequent in Jordan, especially 
among those with excess weight. The results also reported 
that the most herbs used for weight reduction is green tea, 
and most of the participants think using herbs is safe. It is 
highly recommended to train health professionals about 
herbs during clinical practice and their possible side effects 
and drug interactions. Besides, national community 
awareness programs are needed to educate people about 
safe methods of losing and maintaining weight and the 
possible risks and benefits of using herbal 
supplementations. 
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Abstract 

Since its emergence, COVID-19 has caused severe health problems, and reached more than 220 countries. The viral genome 
is prone to mutations leading to the appearance of new variants that might be more infectious. Many new genomic sequences 
of SARS-CoV-2 are uploaded to the public database; monitoring these sequences for possible variations can significantly 
help in the process of vaccine development and prevention plans. This study aimed to explore whole genome sequences of 
SARS-CoV-2 that are recently submitted to global databases from different geographical areas for possible new mutations. 
For this purpose, forty complete genomic sequences of SARS-CoV-2 from 20 countries were downloaded from GISAID (12 
Dec 2020 -20 Mar 2021) and converted to their corresponding amino acid sequences using Expasy online software. Both the 
DNA and amino acid sequences were aligned with the reference genome (Accession number; NC_045512) by the multiple-
sequence alignment tool Clustal Omega. The aligned sequences were then examined for any change compared to the 
reference genome.  

The results showed a total of 1264 nucleotide variations; 93.43% were SNPs, 6.49% deletions, and 0.08% insertions. About 
59% were non-synonymous mutations and 41% were synonymous mutations. Most of the non-synonymous mutations that 
lead to amino acid changes were in the Spike (36.63%) and Nucleocapsid (15.60%) genes. Among these changes 24 unique 
amino acid variations were repeated more than five times, dispersed among the following proteins NSP3, NSP6, NSP12, 
Spike, ORF3a, and Nucleocapsid.  

The analysis in this study revealed an increase in the number of variations accumulated throughout the pandemic, and most 
of the non-synonymous mutations were in the Spike and Nucleocapsid genes. Sustained molecular surveillance of SARS-
CoV-2 is essential to identify new variants and their impact on control measures of the pandemic and also important in the 
process of vaccine production. 
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1. Introduction 

The recent pandemic, Coronavirus Disease-2019 
(COVID-19) caused by Severe Acute Respiratory 
Syndrome-Coronavirus2 (SARS-CoV-2) has made a 
threatful health problem since its appearance in Wuhan 
City, China(Wu et al., 2020, Li et al., 2020). This 
pandemic has reached 220 countries, infected at least 
206,987,517 individuals, and caused 4,358,629 deaths. In 
Iraq, the number of cases has reached 1,761,143 and 
19,541 deaths, as of 10th May 2021 (Worldometer, 2021).  

Coronaviruses (CoVs) are members of a diverse family 
of enveloped, positive-sense, single-stranded RNA-
viruses,  called  Coronaviridae(Alluwaimi et al., 2020). 
The CoVs include four genera, the α- and β-CoV infect 
mammals, whereas γ- and δ-CoV are related to birds 
(Worldometer, 2021, Guo et al., 2020). Seven species of 
CoVs are capable of infecting humans. The α-CoVs 
HCoV-229E, HCoV-NL63, β-CoVs HCoV-HKU1, and 

HCoV-OC43 give rise to mild respiratory symptoms 
similar to the common cold (Guo et al., 2020, Liu et al., 
2021), while the β-CoVs, SARS-CoV, and Middle East 
Respiratory Syndrome-Coronavirus (MERS-CoV) lead to 
severe and possibly fatal respiratory tract infections (Guo 
et al., 2020). The results of whole genome sequencing 
analysis have revealed that the SARS-CoV-2 is 96.2% 
similar to bat CoV (RaTG13), 79.5% to SARS-CoV, and 
50% to MERS (Guo et al., 2020, Hu et al., 2021).  

The genome size of SARS-CoV-2 is 29903 nucleotides, 
which contains 12 open reading frames (ORFs) encoding 
27 proteins (Rahimi et al., 2021, Gordon et al., 2020, Wu 
et al., 2020). It starts with 265 nucleotides, 5′ UTR, and 
ends with 358 nucleotides, 3′ UTR. The first ORF spans 
over  67% of the viral genome encoding 16 non-structural 
proteins (NSPs); these NSPs are mainly involved in the 
transcription and replication processes of the viral genome. 
Followed by the structural genes; membrane (M), Spike 
glycoprotein (S), Nucleocapsid (N), and Envelope (E) 
genes respectively. The other accessory proteins are 
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encoded by the remaining ORFs dispersed between the 
structural genes (Kumar et al., 2020).  

Variations in the nucleotides and amino acid sequences 
are necessary for the viruses to adapt and evolve in the 
environment or the host. These variations enable viruses to 
evade the host immune system (Agudelo-Romero et al., 
2008). Furthermore, some variations might alter the 
pathogenicity or the rate of infectivity of the virus 
(Abdullahi et al., 2020). For instance, mutations in the 
furin cleavage site have made SARS-CoV-2 more 
contagious than SARS-CoV (Huang et al., 2020). 

Due to the rapid spread of the disease, several studies 
have been conducted seeking changes in the viral genome. 
Koyama et al. (2020) analyzed 10,022 SARS CoV-2 
genomes from 68 countries; most of the genome sequences 
were isolated in the United States of America, the United 
Kingdom, and Australia. Overall, their analysis showed 
5,775 distinct genome variants (Koyama et al., 2020).  

Analysis of further genomic sequences in a wider range 
of countries (28 countries) has shown variants correlated 
with increased transmissibility, infectivity, and fatality rate  
(Dumonteil et al., 2021, Toyoshima et al., 2020).  

Since its emergence, many genomic sequences of 
SARS-CoV2 were uploaded to the global databases from 
diverse geographic areas and at different times (NCBI, 
2021, Gisaid.org, 2021). It is crucial to monitor these 
genomic sequences for possible variations to understand 
and trace the evolution and spread of the virus; in turn, this 
will have a significant contribution to versatile planning in 
the prevention and development of therapeutic vaccines 
for the virus, as well as self and community protective 
measures. This study aimed to analyze genomic and 
proteomic sequences of SARS-CoV-2, specifically those 
newly submitted to global databases from different 
geographical areas and explore the mutation rate and the 
effect of these mutations on the proteins produced by the 
virus. 

2. Methodology 

2.1. Whole genomic sequences  
Forty genomic sequences of SARS-CoV-2 were 

downloaded from the GISAID (Gisaid.org, 2021) from 20 
countries as FASTA format file (Mexico, Bulgaria, France, 
Italy, Belgium, Ukraine, Botswana, Brazil, Spain, 
Indonesia, Russia, Romania, Ghana, USA, Czech 
Republic, Monaco, Austria, Cameroon, England, and 
Scotland) (Table 1). The reference sequence of SARS-
CoV2 (Accession number; NC_045512, Dec/2019) was 
obtained from NCBI (NCBI, 2021).  

Table 1 The continents where the genomic sequences of SARS-
CoV-2 were downloaded from. 

 

The downloaded sequences in this study were 
originally uploaded to GISAID (Gisaid.org, 2021) between 
12/Dec/2020 to 20/Mar/2021. For the bioinformatic 
analysis only high-quality and full-length sequences with 
known collection date were included in this study. 
Incomplete and low coverage sequences with more than 
5% ambiguous bases (Ns) were excluded.  

2.2. Sequence processing and alignment 

Before we proceed with the analysis, a single FASTA 
format file was created, including all the 40 genomic 
sequences along with the reference genome. This file was 
then used to convert the genomic sequences to their 
relevant amino acid sequences by the online bioinformatic 
software Expasy (Duvaud et al., 2021). Then, both the 
nucleotide and amino acid reference sequences were 
annotated by SnapGene software (V 5.1.5) to determine 
and highlight the exact position of the genes and proteins, 
based on the information provided by the reference 
sequence of SARS-CoV2 on NCBI (NCBI, 2021). 

Finally, the FASTA files for both the genomic 
sequences and the amino acid sequences were used in the 
multiple-sequence alignment tool (Clustal Omega) to align 
both nucleotide and amino acid sequences in two separate 
runs (Sievers et al., 2011, Gasteiger et al., 2003).  

2.3. Result visualization 

The results of the alignments were visualized by the 
UGENE software (V.37). The nucleotide and amino 
acid variations were observed in the aligned 
sequences when compared to the reference 
sequences. The observed variations in the genomes 
and proteins were recorded in Microsoft Excel (V. 
Professional plus 2016), which then were analysed 
accordingly. 

3. Results 

Forty genomic and proteomic sequences of SARS-
CoV2 derived from twenty countries downloaded were 
compared and analyzed with the reference sequence 
(Accession number; NC_045512). The total number of 
nucleotide variations was 1264, of which 1181 (93.43%) 
variations were SNPs, 82 (6.49%) deletions and 1 (0.08%) 
insertion. The average nucleotide variation per sequence 
was 31.6, as shown in (Figure 1). 

 
Figure 1. The types of variations. Of the total 1264 variations 
observed, 1181 (93.43%) are SNPs, 82 (6.49%) deletions, and 1 
(0.08%) insertion (Blue columns). The average nucleotide 
variation per sequence (Redline) is 31.6. 

 

Continents No. of countries No. of sequences 

Asia 1 2 

Europe 13 29 

North America 2 5 

South America 1 1 

Africa 3 3 

Sum 20 40 
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Of these 1264 nucleotide variations, 745 (59%) had 
changed amino acid sequences (non-synonymous 
mutations), while the other 519 (41%) were synonymous, 
which had not altered the codon sequences in a manner to 
change the corresponding amino acid compared to the 
reference sequence (Figure 2).   

Figure 2: Synonymous Vs. Non-synonymous mutations. 59% of 
the observed variations changed the amino acid sequence (Non-
synonymous mutations shown as red column), while the remained 
41% were silent mutations that didn’t alter the amino acid 
sequence (Synonymous mutations shown as blue column). 

Based on the type of the nucleotide change, the most 
frequent nucleotide conversion was Cytosine (C) changed 
to Thymine (T) (521 /44.1%) (Figure 3), followed by 
Adenine (A) to Guanine (105/ 8.9%), G to T (90/ 7.63%), 
T to C (86/ 7.28%), G to A (80/ 6.77%), and A to T (79/ 
6.7%). C to A and G to C both 74 times (6.265%), T to A 
(28/ 2.38%), T to G (27/ 2.28%), A to C (11/ 0.93%) and C 
to G with the least number (6/ 0.5%). The C substitution to 
other nucleotides was about 50.8%. The G substitution to 
other nucleotides was 20.6%, T to other nucleotides was 
11.9%, and A to other nucleotides was 16.5%. 

Figure 3: Types of nucleotide changes. The C substitution to 
other nucleotides is the most frequent nucleotide change with 
50.8%. The C → T change shown at the bottom of the graph is the 
most prominent nucleotide change (44.1%). Other mutations are 
close to each other in distribution ( The C substitutions: 20.6%, T 
substitutions: 11.9%, and A substitutions: 16.5%). 

On the protein level, the most variations were located 
in the spike protein with 273 (36.63%) of the total 745 
amino acid variations (Figure 4). Oppositely, the lowest 
number of variations was 1(0.12%) in NSP8 and Envelope 
protein, and 0 in the NSP1, NSP15, ORF6, and ORF7b. 
Other proteins were NSP7 and ORF7a with 2 (0.29%) 
variations, NSP16 (3/ 0.40%), NSP14 and ORF10 (4/ 
0.53%), Membrane protein and NSP5 (5/ 0.67%), NSP9(8/ 
1.10%), NSP4 (10/ 1.34%), NSP13 (18/ 2.40%), NSP2(20/ 
2.69%), ORF3a (23/ 3.08%), NSP6 (32/ 4.28%), NSP12 
(53/   7.11%), ORF8 (71/ 9.52%), NSP3 (92/ 12.33%) and 
Nucleocapsid protein with 116 variations (15.60%). The 
average amino acid variation was 18.625. 

Figure 4:  Amino acid variations of proteins for SARS-CoV-2 
(Blue columns). The highest number of variations have been 
recorded in the spike protein (273), followed by Nucleocapsid 
(116) and to a lesser extent in NSP3 (92). Proteins with a low 
number of variations (NSP8, Envelope protein, NSP1, NSP15, 
ORF6, ORF7b, NSP7, ORF7a, NSP16, NSP14, ORF10, 
Membrane Protein, NSP5) are not shown here. The average amino 
acid variation per sequence is 18.6 (Red line). 

Finally, this study showed the presence of significant amino acid 
variations revealed by their high frequency. In the analysis, 
twenty-four amino acid variations were repeated more than five 
times for 7 different proteins (Figure 5). Of these, three variations 
were from NSP3, T183I, A890D, and I1412T, all found in 19 
different aligned sequences. 106-108 Del from NSP6 has been 
repeated 21 times. There were 39 times repetitions of P323L at 
NSP12. In the spike protein, there were nine amino acid variations 
which are 68-70 Del and A570D with both 20 times, P681H (22 
times), D614G (39 times), N501Y (23 times), 144 Del (19 times), 
and 19 times repetition for T716 I, S982A and D1118H. ORF3a 
contained one such variation, which is Q57H that is repeated 
seven times. The Q27, R52 I, and Y73C with the frequency of 19, 
and K68 with nine presented in ORF8. Five frequent variations 
were found in the N protein; these are R203K, and G204R shared 
in 26 sequences, T205I found in 6 sequences, S235F, and D3L 
repeated in 19 sequences. The remaining amino acid variations 
with frequencies lower than five were neglected. 
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Figure 5:  Frequency of highly repeated amino acid variations 
(more than five times) within the 40 SARS-Cov-2 genome 
sequences. D614G in spike protein and P323L in NSP12 (39 
times), with R203S and G204R in Nucleocapsid protein, are the 
most repeated changes among the frequent amino acid variation. 

4. Discussion 

This study analysis showed a high number of 
nucleotide variations, with an average of 31.6 from 40 
genomic sequences when compared to the reference 
sequence (Accession number; NC_045512). The 
predominant type of variation was SNPs. This 
phenomenon is suggested to be associated with the error-
prone viral RNA-dependent RNA polymerase or by 
mechanisms of the host cell RNA editing enzymes as a 
defense mechanism (Mercatelli and Giorgi, 2020).  

The type of nucleotide change (shown in Figure 3) 
showed C→T change to score the highest value. The 
average nucleotide variation in this study was higher than 
in the study by (Mercatelli and Giorgi, 2020). It might be 
caused by the higher number of mutations accumulated 
over time, and a lower number of sequences analyzed in 
this study. The reason for this mutational bias toward 
C→T is not completely understood, but there are two 
possible explanations, the codon usage bias, and the RNA 
editing host enzyme APOBEC (Pollpeter et al., 2018, 
Ghosh and Chakraborty, 2020). However, it has been 
observed that the translational preference of a few codons 
is strongly correlated with the mutational bias imposed by 
genome compositional constraint and influenced by natural 
selection, especially in the second and third codon 
position, which is more biased towards the AT/U content. 
This is determined by the relative synonymous codon 
usage (RSCU) value with an average of 64.19% at the 
second position and 65.24% at the third position, 
respectively (Ghosh and Chakraborty, 2020).  

Of the 1264 nucleotide variations, there were more 
non-synonymous mutations in comparison to synonymous 
mutations (shown in Figure 2). Analysis of 3067 SARS-
CoV-2 whole genome sequences isolated from 55 

countries revealed 782 variant sites, 65.98% non-
synonymous, and 28.39% synonymous mutations. The 
remaining  5.63% was in the intergenic regions of the 
genome (Laamarti et al., 2020). Despite the higher number 
of sequences included in the study, the number of 
variations is lower compared to the current study. These 
differences might be due to different submission dates of 
the downloaded sequences. Furthermore, Laamarti et al. 
(2020) analyzed sequences from the first three months of 
the emergence of the disease, while the sequences 
analyzed in this study were after twelve months 
(December 2020); for this reason, a higher number of 
variations potentially accumulated since the emergence of 
the virus in Wuhan, China at December 2019 (Laamarti et 
al., 2020).   

Non-synonymous mutation distribution (shown in 
Figure 4) shows the predominance of variants in S and N 
proteins. Other proteins contained a lower number of 
variations, and some of them had no variation at all. The 
high mutation rate in the spike protein is due to its 
receptor-binding properties and immunogenicity, and it is 
supposed to be the major target for antibodies (Singh et al., 
2020). The N protein is also one of the critical targets for 
B cells to be targeted by antibodies, the most abundant 
protein in coronaviruses, and highly immunogenic 
(Oliveira et al., 2020). Both proteins are under immune 
system pressure (Forni et al., 2020).  

We only recorded the most repeated mutations, equal to 
or more than five-time frequency. Of these recorded 
mutations, the 68-70 Del, A570D, P681H, D614G, 
N501Y, 144 Del, T716 I, S982A, and D1118H were in the 
S protein (shown in Figure 5). Similar mutations were 
found in VOC belonging to B.1.1.7 from the viral 
sequences in Czech Republic, France, Ukraine, Ghana, 
Italy, England, Bulgaria, Spain, Belgium and Botswana 
(Davies et al., 2020, Ramirez et al., 2021, ASSESSMENT, 
2020).  

Some preliminary data on the effect of 68-70 Del, 
N501Y, D614G, and P681H has been discovered. The 
G614 variant, which has emerged as a predominant clade 
in Europe and is spreading worldwide, predominates over 
time in locales where it is found, implying that this change 
enhances viral transmission. This mutation increases the 
entry to ACE2-expressing cells more efficiently due to the 
decreased shedding of the S1-domain and higher 
incorporation of S-protein into the virion (Zhang et al., 
2020, Isabel et al., 2020). The N501Y mutation appears to 
increase the affinity of interaction with murine and human 
ACE2, as it is one of the key residues in the receptor-
binding domain of Spike protein (Ramirez et al., 2021, Gu 
et al., 2020, Starr et al., 2020). The P681H is placed 
immediately in the spike furin cleavage site (Peacock et 
al., 2021, Kemp et al., 2020). However, the functional 
effect of this mutation is not well understood. The 69-70 
deletion-mutation has been determined to increase the viral 
infectivity in vitro, associated with immune evasion in 
immunocompromised patients, and has also been shown to 
be related to the problems in the SARS-CoV-2 RT-PCRs 
assays targeting the S gene (Ramírez et al., 2021, Kemp et 
al., 2020b). However, the exact impacts of these mutations 
on transmissibility, infectivity, and clinical severity are not 
known up to this time and remain to be fully elucidated. 

The N protein contained five frequent variations, 
R203K and G204R (Russia, Brazil, Cameroon, Mexico, 
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France, Ukraine, Ghana, Italy, England, Bulgaria, Spain, 
and Belgium), T205I (USA, Indonesia, Monaco, and 
Botswana), S235F and D3L (France, Ukraine, Ghana, 
Italy, England, Bulgaria, Spain, and Belgium). It has been 
shown that R203K and G204R increase positively charged 
site, and might increase local rigidity with the removal of 
Gly204. (Garvin et al., 2020). The exact role of mutations 
in the N beyond RNA and protein interaction interfaces in 
the pathogenesis of the virus requires further investigations 
(Singh et al., 2021). 

The NSP3 follows the N protein based on the number 
of mutations per protein with 92 mutations. Three 
variations were frequent in our results in the NSP3, which 
are T183I, A890D, and I1412T (Bulgaria, Italy, Belgium, 
Ukraine, Spain, France, Ghana, and England). Loconsole 
et al. (2021) identified these mutations from a patient 
traveling back to the Apulia Region in Italy from London, 
UK (Loconsole et al., 2021). The functional effect remains 
to be explored. 

Four recurrent mutations, Q27*, R52I, Y73C, and 
K68*, were identified in ORF8 (France, Ukraine, Ghana, 
Italy, England, Bulgaria, Spain, and Belgium). The 
functional effect of Q27* and K68* is the truncation in the 
protein structure(Pereira, 2021). These mutations do not 
seem to have a harmful effect on the virus, as the 
morbidity and mortality rates have not decreased despite 
the presence of these mutations in the circulating variants 
(Pereira, 2021).  

The P323L mutation in NSP12 had a frequency of 39 
times (Bulgaria, Italy, Belgium, Ukraine, Italy, Spain, 
France, Ghana, Monaco, England). The P323L is unlikely 
to influence polymerase enzymatic activity directly as it is 
located distal to the NSP12 catalytic core. Instead, this 
residue is located at the surface of NSP12, near one of the 
binding sites for NSP8. However, this mutation could 
modify the NSP8 interaction or interaction with a yet 
unknown viral or host factor (Peacock et al., 2021). Also, 
P323L is associated with epitope loss, which could 
influence the pathogenesis of antibody escape variants 
(Hasan et al., 2021). However, Hasan et al. (2020) 
describe that this mutation might affect the proofreading 
activity of RNA-dependent RNA polymerase (RdRp), 
provoking other changes (Pachetti et al., 2020). 

The amino acid deletions 106–108 in NSP6 known as 
the 'SGF deletion (Bulgaria, Italy, Belgium, Ukraine, Italy, 
Spain, France, Ghana, Monaco, England), identically 
found in B.1.1.7 lineage, the P.1 lineage, and several 
isolates from the B.1.351 lineage. NSP6 is a multi-pass 
transmembrane protein that is thought to be involved in 
autophagy and antagonism of innate immune responses, 
but the influence of this deletion on virus phenotype 
remains unclear (Peacock et al., 2021). The three 
successive amino acid deletion 106–108 has caused these 
variants (P.1, B.1.1.7, and B.1.351) more transmissible 
than previous circulating variants with possible increased 
risk of hospitalization, severity, and mortality in the 
(B.1.1.7). No impact was reported in-hospital mortality 
(B.1.351), and the effect on (P.1) is under investigation 
(WHO, 2021). 

The Q57H is located in ORF3a (US, Indonesia, 
Monaco, France, Botswana), which codes for a protein that 
regulates inflammation, antiviral responses, and apoptosis 
in the infected cells (Joshi et al., 2021). Q57H mutation 
might affect inflammasome activation (Hassan et al., 

2020). Other proteins had fewer variations and did not 
attract much of the study’s attention, although they did not 
contain variations repeated five or more times. 

5. Conclusions 

The analysis in this study showed an increased number 
of mutations accumulated over time, revealed by the 
average number of mutations per sequence (31.6) in 
comparison to the studies mentioned previously, in the 
course of the pandemic, a year after the onset. A higher 
number of non-synonymous mutations were recorded 
compared to the silent mutations. Most of these mutations 
were located in the Spike and Nucleocapsid proteins due to 
their immunogenic properties as being major targets of B 
cells. Our results also showed some major amino acid 
variations that have been shown to increase viral entry to 
ACE2 expressing cells. 

The amino acid variations have the possibility to either 
positively or negatively alter proteins, subsequently 
changing the phenotype of the virus such as infectivity, 
virulence, and tissue tropism. Moreover, it can also affect 
the decision on the process of vaccine development. 

Having applied restricted criteria for the collected 
sequences, one limitation of our study could be a low 
number of whole genome sequences included in the 
analysis. Including further genomic sequences and 
restricting the analysis on the structural genes is the ideal 
starting point for future analysis. Finally, continued 
molecular observation of the SARS-CoV-2 genome is 
necessary to identify new emerging variants and their 
impact on the control measures and prevention plans of the 
pandemic. 
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Abstract 

Background: Global outburst of coronavirus has challenged the whole world to discover drugs to combat the current 
pandemic. Repurposing drugs is a promising approach as it provides new openings to challenge the emerging COVID-19. 
However, in the epoch of big data, artificial intelligence (AI) technology offers to leverage computational methods for 
finding new candidate drugs through an In-silico approach.  

Aim and Objectives: The aim and objectives of our present work basically are the designing of a plant-derived compound 
against the COVID-19 receptors which might act as effective therapy along with predicting the outcome of the disease with a 
deep learning program language that is python (anaconda) 2.7 version. 

Methodology: Artificial Intelligence technology helps in understanding the interactions of coronavirus with receptors 
through the computer-aided drug designing process (CADD). The ligand-protein interactions were prepared with the 
Maestro (Schrödinger) program which aids to study the docking pose of artemisinin compound with SARS-CoV-2 receptors 
like 7CTT, a nonstructural protein (NSP) and 7MY3 Spike glycoprotein. Thus, Artificial Intelligence technology examines 
the drug-target interaction with Neural Networking built with a deep learning machine algorithm and predicts the outcome of 
the disease with python program language. 

Results:  Artemisinin exhibited the highest antiviral activity against the SARS-CoV-2 receptors like 7CTT and 7MY3.  The 
three-dimensional structures of the ligands and SARS-CoV-2 receptors were retrieved from the PubChem Open Chemistry 
Database. The ligand-protein interactions were performed with the help of the Maestro (Schrödinger) program, which 
revealed MM/GBSA values of 7CTT interaction with derivative ligands of antimalarial compounds such as D95 (-45.424), 
artemisinin (-35.222), MPD (-31,021), MRD (-21.952) and 6FGC (-34.089), whereas with 7MY3 spike glycoprotein 
interactions MMGBSA values for D95 (-26.304), MPD(-18.658), MRD(-28.03) and 6FGC (-13.47) binding affinities have 
followed Lipinski rule of 5 and further predicted the outcome with random forest decision tree with an accuracy of about 
75% with python program. 

Conclusion: Repurposing of the drug through an In-silico approach against the SARS-CoV-2 virus revealed its antiviral 
actions. The docking studies approach has shown the XP score, gliding energy, and MMGBSA values which were predicted 
with a deep learning program built with Artificial Intelligence technology.  
Keywords: Artemisinin, SARS-CoV-2, Lipinski rule, Protein-ligand interactions, Random Forest decision tree, Artificial Intelligence
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1. Background 

Coronavirus belongs to the viral family Coronaviridae 
which is mainly accountable for instigating pneumonia-
like symptoms and hence regarded as a worldwide menace 
ever since its first outburst in 2002 (Jabeer Khan 2020). 
The variants of Severe Acute Respiratory Syndrome 
Disease (SARS), and Middle East Respiratory Syndrome 
(MERS) materialized in the years 2002 & 2013, 
correspondingly leading to elevated gastrointestinal and 
pulmonary dysfunction (Hilgenfeld and Peiris, 2013). 
Nevertheless, the third outbreak of SARS-COV-2 was in 
2019 with symptoms ranging from the common cold to 
more severe acute respiratory failure (Kong WH. et al., 
2020). WHO (World Health Organization) has announced 
this malady as a pandemic and revealed that it continually 

spread the virus to more than 20 million populace 
(Worldometer, 2020). Nevertheless, it is currently 
acknowledged as the greatest materialization of communal 
health. 

Literature reports from various studies have recognized 
the incubation periods for COVID-19 to be one week from 
day one of contact (Lauer et al., 2020; Backer et al., 2020).  
However, in accordance with China’s Novel Coronavirus 
Pneumonia Diagnosis & Treatment Plan (Seventh Edition 
Trial) based on the signs and symptoms. Nevertheless, 
COVID-19 patients are classified into trivial, modest, 
severe, and critical based on their signs & symptoms. 
Nevertheless, several scientists are underway on a number 
of clinical trials such as cell therapy, antiviral therapy, 
immunotherapy, and the use of Chinese herbal medicine 
approved by the Food and Drug Administration (FDA) 
against COVID-19 (Jean et al., 2020).  Various, antiviral 
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compounds such as lopinavir & ritonavir have not revealed 
antiviral efficacy in contrast to standard therapy (Guan 
2020). The antimalarial agents such as chloroquine and 
hydroxychloroquine are confrontational. Nonetheless, 
limited clinical trials have revealed that 
hydroxychloroquine has failed to treat COVID-19 (Tang 
2019). The National Institute of Health has counselled 
suspending the clinical trials involving 
hydroxychloroquine since it is harmless, and many reports 
displayed its ineffectiveness (National Institute of Health). 

Naturally occurring substances found in 
phytomedicines have been shown to have therapeutic 
potential but differing mechanistic activities against 
SARS-CoVRSCoV-2 based on prior reports on their safety 
profiles (Huang et al., 2020). The angiotensin-converting 
enzyme 2 (ACE2), heat shock protein A5 (HSPA5), and 
substrate-binding domain (SBD) of SARSCoV-2 are 
involved in the attachment of the virus to human cells, but 
Kumar et al., (2020) and Elfiky (2020) have demonstrated 
that natural products have the capacity to impair this 
attachment. Several other studies also demonstrated that 
the SARS-CoV-2 papain-like protease (PLpro) was 
inhibited by plant-based compounds obtained from various 
plant species, including ginger and Alpinia officinarum 
(Goswami et al., 2020). 

However, the idea of repurposing a medicine is widely 
used nowadays to identify the likely treatments for the 
current pandemic sickness.. It has acquired greater 
perceptiveness for the capability to recycle already 
existing drugs (Jin et al., 2020; Kandeel and Al-Nazawi, 
2020). In contrast, artificial intelligence algorithms built 
with machine learning plus big data are regarded as 
supporting tools for molecular level discern. The AI 
developments and latest advancements in all fields of 
science and engineering have grasped the attention of all 
researchers to study the interactions of plant-derived 
compounds with receptors which might produce very less 
side effects and prolong the life span of the human species 
for many years. However, entire drugs predicted by 
employing AI technology in drug discovery were found to 
be potential against coronavirus (Ho, 2020). Currently, 
artificial intelligence machinery has been exercised 
broadly for exploiting drug research contrary to COVID-
19. Moreover, the Artificial Intelligence platform was 
ascertained to be more helpful for the recognition of 
potentially available drugs with inhibitory activities on 
human coronavirus (HCoV) by employing several learning 
datasets (Ke et al., 2020). However, the organically 
available plant flora rich in Phyto-constituents offer a 
beneficial and influential source of chemical compounds 
indicating antiviral activity.  

In order to expand vision on the mode of action of 
artesunate, the most potential malarial compound was 
examined by Yuyong Zhou et al., (2021) and carried out a 
time-of addition assay in the A549-hACE2 in-vitro cell 
line.  However, Cao et al., (2020) investigated artemisinin, 
artesunate, and its derivatives for efficacy against SARS-
CoV-2 on the A549-hACE2 cell line.  Further studies on 
its interaction and the binding potential need to be 
evaluated before conducting clinical trials. Furthermore, 
chemical alteration of these structures, directed by 
computer-based docking simulations, might enhance their 
potentiality and selectivity (Chen et al., 2018). Hence, our 
CADD study with help of the Artificial Intelligence 

technology approach is regarded as a boon to the present 
situation, where the whole world is facing the dreadfulness 
of the pandemic disease outburst. Although, vaccines are 
available at present naturally derived products are always 
effective in comparison to vaccines. Therefore, have 
adopted Graphical Neural Network into the bio-medical 
complex which assists the amalgamation of multimodal 
and composite relationships. Currently, GNN has revealed 
an immense assurance in predicting interactions (e.g., 
drug-drug adverse interactions, PPIs, & target-drug 
interactions) and in the detection of the latest molecules 
(Muhammad et al., 2020). GNN can also promote the 
repurposing of drugs by characterizing the intricate 
interaction between drugs and maladies.  

Thus, our work basically aims in the designing of the 
plant derived compound against the covid-19 receptors 
which acts as effective therapy along with predicting the 
outcome of the disease with a deep learning program 
language that is python (anaconda) 2.7 version. However, 
at present state, no accurate medicines are available which 
alarms the prospects of repurposing existing drugs which 
is effective. We have studied the docking pose of 
artemisinin compound with SARS-CoV-2 receptors like 
7CTT, a non-structural protein (NSP), and 7MY3 Spike 
glycoprotein and predicted the outcome of the disease with 
python program language through a random forest 
decision tree approach to identify ideal and effective 
ligand-protein interactions which further support in future 
clinical trials investigation. Thus, AI-based tools helped to 
investigate the in-silico potentiality of the artemisinin 
compound against coronavirus.  

2. Materials and Methods 

2.1. Protein-ligand Structure preparation 

For the preparation of protein-ligand Maestro11.1, 
Schrodinger in silico tool was utilized to examine the 
ligand-target interaction for current studies (Schrodinger, 
2017). Nevertheless, two objectives were preferred for the 
study 1) 7CTT, a nonstructural protein (NSP) and  2) 
7MY3 Spike glycoprotein both SARS- CoV-2 receptor-
binding domain (RBD) interfacing with artemisinin 
compound and its derivatives. 

2.2. Drug-target docking 

The artemisinin and its derivatives were obtained from 
RCBS PDB Protein Data Bank (www.rcsb.org). All drug 
compounds and their derivatives were docked with 7CTT 
& 7MY3 SARSCoV-2 receptor using the Maestro 11.1 
module of the Schrodinger software. The ligands were 
prepared using Protein Preparation Wizard using default 
settings followed by pH 7.4, whereas drug compounds and 
their derivatives such as D95, artemisinin, MPD, MRD, 
and 6FGC with a default setting of receptor grid box range 
of z were 25.754 and 270.701 and grid box range of x is 
10. The interaction with protein-ligand and its glide scores 
were examined thoroughly. However, greater negative 
values propose a more encouraging drug-protein 
interaction. Therefore, compounds with a score of -2 or 
above were contemplated as better candidates for 
inhibiting SARS-CoV-2 (Shah et al., 2020). 
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2.3. Data  Analysis  

Correlation between features of the dataset that is the 
interaction of drug compounds and their derivatives 
against SARS CoV-2 affords significant information about 
their features and the degree of influence they have over 
the target value. The heat map of Pearson Correlation 
between the ligands and proteins of the dataset is analyzed, 
which distinctively revealed a relatively stronger outcome. 

2.4. Data Pre-processing  

The dataset contains data columns with the Date, 
String, along with Numeric types. However, we have 
categorical variables provided in the dataset. Machine 
learning language involves all input data to be passed in 
the numeric form. The input data to be performed is label-
encoded, and this assigns a unique number to each and 
every categorical value in the column. 

3. Results 

3.1. Investigation of Artemisinin compounds’ interaction 
with SARS-CoV-2 

On docking, Artemisinin and its derivative compounds 
displayed the greater antiviral activity against the SARS-
CoV-2 receptors like 7CTT and 7MY3. However, the 3D 
structures of the ligands and SARS-CoV-2 receptors were 
obtained from the (https://www.rcsb.org/) protein data 
bank. The ligand-protein interactions were performed with 
help of Maestro (Schrödinger) program, which has shown 
XP GScore and MM/GBSA values of 7CTT interaction 
with derivative ligands of antimalarial compounds such as 
D95 (-6.911) (-45.424), artemisinin ( Pubchem ID 159028)  
(-2.605), (-35.222), MPD (-5.088), (-31,021), MRD (-
3.044) (-21.952) and 6FGC (-9.617) (-34.089), whereas 
with 7MY3 spike glycoprotein interactions MMGBSA 
values for D95 (-2.208) (-26.304), MPD (-2.59), (-18.658), 
MRD (-2.581), (-28.03) and 6FGC (-5.082), (-13.47) 
binding affinities has followed Lipinski rule of 5. (Table-
1)  

Table 1. Molecular docking parameters of Artemisinin Antimalarial drug compound and its derivatives against SARSCOV-2 receptors such 
as 7CTT (NSP) and 7MY3 (spike glycoprotein) with its binding affinities and following Lipinski rule of 5 with grid box range 10 

S.No Compound Name Receptor RMSD XP Gscore MM/GBSA Lipinski 
rule of 5 

Grid box z 
range 

Grid box 
X range 

1 D95 7CTT 0.006 -6.911 -45.424 0 25.754 10 

2 Artemisinin 0.033 -2.605 -35.222 0 

3 MPD 0.001 -5.088 -31,021 0 

4 MRD 0.018 -3.044  -21.952 0 

5 6FGC  0.005 -9.617 -34.089 2 

6 D95 7MY3 0.006 -2.208  -26.304 0 270.701 10 

7 MPD 0.001 -2.59 -18.658 0 

8 MRD 0.018 -2.581 -28.03 0 

9 6FGC 0.005 -5.082 -13.47 2 

Moreover, it is observed that the interaction of 7CTT 
which is a non-structural protein revealed notable 
interaction with artemisinin and its derivative D95 with 
(XP GScore and MM/GBSA values = (-2.605) (-35.222) & 

(-6.911)  (-45.424)).  Furthermore, in 7MY3 spike 
glycoprotein also revealed good interaction as shown in 
table-1 and displayed good binding interactions (as shown 
in figures 1&2). 
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Figure-1A: 7CTT non-structural protein interacting with artemisinin and its derivatives  and examined with ligplot+ a) Interaction of 7CTT 
with Adenosine-5'-Diphosphate, His-439, Lys-551, Asp-618, Cys-622, Lys-798,Arg-553,Tyr-619 and Pro-620. b) Interaction of 7CTT with 
Artemisinin residues that is Ser-682, Thr-687, Arg-555, Lys-551, Tyr-619 and Pro-620 c) Interaction of 7CTT with D95 residues such as 
Arg-553, Lys-798, Asp-623, Thr-687, Tyr-619 and Pro-620 d) 7CTT interaction with MRD, Asp-623, Thr-687,Arg-555, Cys-622 and Ala-
688 e) 7CTT interaction with MPD, Lys-798, Arg-555,Asp-618,Cys-622, Tyr-619 and Pro-620. f) Docking of 7CTT with Artemisinin 
compound following Lipinski rule of 5. 

 
Figure-1B: 7CTT non-structural protein interacting with artemisinin is shown in this figure, and the interaction points are vision in ribbion 
structure. 
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Figure 2: 7MY3 interaction with Artemisinin and its derivatives and examined with Ligplot+ a) Interaction of 7MY3 with Adenosine-5'-
Diphosphate that is  NAG-1301, Glu-619, Thr-618, Asn-616, Cys-590, Ser-591, Val-615, Phe-592, Pro-589 b) Interaction of 7MY3 with 
D95 NAG-1301, Asn-616, Val-615, Thr-618, Phe-592, Glu-619, and Pro-589 c) Interaction of 7MY3 with MPD residues such as NAG-
1301, Arg-646, Gln-644, Asn-616, Thr-645, Val-615 and Ala-647 d) 7CTT interaction with MRD, NAG-1301, Asp-614, Ser-591,Glu-619, 
Val-615, and Asp-614. 

3.2. Random Forest Decision Approach for predicting the 
outcome of docking interactions 

RF (or Bagged DTs) is a machine learning approach 
that involves building multiple confusion matrixes via 
bootstrap aggregation. We have used two receptors of 
SARSCOV-2 to interact with the artemsinin and its 
derivatives compounds and predict its accuracy of binding. 
Furthermore, RF is utilized in remote sensing for predicting 
the accuracy/classification of data. The decision tree helps 
to improve the predictions. (Shown in Figure-3a &b). 

 

 
Figure-3a: Correlation between ligand protein interactions 
features

a) 7MY3- ADP b) 7MY3- D95 

c) 7MY3-MPD 

d) 7MY3-MRD 
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Figure-3b: Correlation matrix heatmap for the ligand-protein 
interactions 

4. Discussion 

SARS-CoV-2 was spread globally by the pandemic 
outbreak from December 2019 to the present (Hui et al., 
2020; Phan 2020), and COVID-19 is responsible for more 
than 3.9 million deaths (Huang, C. et al., 2020; Paules 
2020 and Lu et al., 2020). This feverish, highly contagious 
respiratory systemic illness put many people's lives in 
danger. Remdesivir was given FDA approval as an 
antiviral drug for COVID-19 treatment. Additionally, new 
research have questioned its clinical effectiveness (Beigel, 
JH et al.,2020; Pan 2020; Dyer 2020). As a result, it was 
determined that using repurposed medications to treat the 
current pandemic outbreak was a successful method 
because the medications were already licensed for the 
treatment of other diseases. A. annua plant bioactive 
components with a lot of activity were used in the 
repurposed medications to treat malaria (Klayman 1985; 
Ferreira et al., 2010). The primary active pharmaceutical 
ingredients (API) against COVID-19 showed better 
pharmacokinetic characteristics. The corona virus spread is 
regarded as an international problem globally. Currently, 
artificial intelligence has been utilized considerably for 
drug research against pandemic outbreaks. The 
employment of Artificial Intelligence is prominent for its 
intense potentiality for novel drug discovery (Coldeway, 
2019; Segler et al., 2018). The Artificial Intelligence 
platform has displayed significant inhibitory activity with 
contemporarily available drugs (Walters and Murcko, 
2020). However, further study on artemisinin's interactions 
with two SARSCoV-2 receptors has been prompted in 
light of the antiviral efficacy of artemisinin and its 
derivatives in prior findings on herpes as well as on 
hepatitis B and C viruses (Ho et al., 2014). But a number 
of studies have shown artemisinin's pharmacological 
qualities in addition to its additional mechanisms, such as 
its anti-inflammatory, anticancer, and antimalarial effects 
(Cao et al., 2020; Kshirsagar & Rao, 2021). Artemisinin 
and its variants, among antimalarial drugs, were found to 
be effective against SARS-CoV-2. However, the docking 
of the artemisinin compound and its derivatives against 
two SARSCoV-2 receptors revealed the important 
functional groups and active residues with better G scores 
and followed Lipinski rule of 5. 

Nonetheless, among the screened drugs (artemisinin, 
D95)  against two SARS-CoV-2 receptors that is 7CTT & 
7MY3, have shown better GScore values of -2.605, -6.911 
in Table-1 displaying greater potent binding energy 

affinity. Docking pose of artemisinin and their derivatives 
investigated with Maestro Schrödinger Program on two 
receptors of SARSCOV-2, revealed significant 
functionally active residues  Ser-682, Thr-687, Arg-555, 
Lys-551, Tyr-619, Pro-620 Glu-619, Thr-618, Asn-616, 
Cys-590, Ser-591, Val-615, Phe-592, Pro-589  as the best 
active binding sites  with the MM/GBSA values of 
artemisinin, D95 -35.222  & 45.424  respectively. 

The correlation matrix as a heat map with random 
forest decision tree predicted the accuracy of docking 
interactions of ligand-protein with an accuracy of 75%. 
Thus, our studies provide hypothetical evidence that 
utilization of artemisinin as repurposed drugs could 
potentially inhibit the binding of SARCOV-2 on ACE-2 
receptor. 

5. Conclusion 

The current study showed that machine learning and deep 
learning programmes used to create artificial intelligence 
had a significant impact on the treatment of coronavirus. 
By preventing SARSCOV-2 from binding to two different 
types of SARSCOV-2 receptors, the artemisinin molecule 
and its derivatives were identified as an effective treatment 
candidate using an in-silico approach. The docking 
contacts' binding affinities and G scores adhered to the 
Lipinski rule of 5. Artificial intelligence technology is 
therefore viewed as a blessing and a useful tool for 
discovering repurposed medications that require clinical 
studies for validation. 
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Abstract 

Reproductive traits are regulated by several genes, and genetic polymorphism within these genes which have a role on the 
reproductive performance could be used in marker assisted selection breeding programs. Several variants of inhibin βA 
(INHβA) gene affect the litter size in small ruminant. Therefore, different single nucleotide polymorphisms (SNPs) within 
this gene could be used as a genetic marker to improve the reproductive efficiency (specially litter size) of sheep and goats. 
The objective of this study is to find out INHβA subunit-encoding gene polymorphisms by employing PCR-SSCP assay and 
subsequent analyses of nucleotide sequence, as well as to investigate the potential association of these genetic 
polymorphisms with twin yield in Egyptian goats and sheep breeds. One hundred and thirty-nine females were chosen, 113 
of them were mothers at the 1st., 2nd., 3rd and 4th parity, and the remaining 26 females were young at sexual maturity age. 
Blood samples were collected for genomic DNA extraction and PCR amplification were performed using five specific 
primers spanning the entire INHβA CDS partial 5`UTR. Four out of the five PCR amplicons displayed different genetic 
polymorphisms, and the subsequent nucleotide sequence analyses showed many nucleotide substitutions. In sheep, the 
amplified fragment 1 showed 3 different genotypes A, C and A/C. The sequence analysis for the 3rd amplicon showed two 
different genotypes, A and G. Also, the 5th amplicon reveals 3 different genotypes, A, G and A/G. In goats, the sequence 
analysis of the 4th amplified fragment showed different three genotypes, G, A and A/G. The statistical analysis proposed that 
the genotype AA (in sheep) could be favorable gene markers for twin production. The present study suggested that the 
genetic polymorphisms of INHβA gene might have effects on fecundity traits in Egyptian small ruminants.  

Keywords: INHβA gene, PCR-SSCP, Genetic polymorphism, Twin production, Egyptian Sheep and Goats.  
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1. Introduction 

Egyptian sheep and goats are considered as one of the 
earliest domesticated farm animals. They have played a 
crucial part in animal husbandry due to their extensive 
uses in many disciplines, such as meat, milk, wool, hair 
and skin production. So, it is important to improve the 
reproductive traits of such species to meet people's 
increasing need of different animal products. Also, the 
enhancement of reproduction performance will ultimately 
pave the way for the economic benefit of farmers (Tudu et 
al., 2015; Mishra et al., 2017). 

Reproductive traits are polygenic in nature and 
controlled by many genes (Ray et al., 2016). The 
identification of important genetic variations of the genes 
responsible for reproductive traits in farm animal 
populations will help to reveal marker assisted selection in 
a more precise manner (Ahlawat et al., 2015). The inhibin 
beta A subunit encoding gene (INHβA) may be suitable 
candidate that may affect the litter size in small ruminant 
species (Zi et al., 2012). The identification of single 
nucleotide polymorphisms (SNPs) of such gene and 

studying their association with fecundity traits may be 
helpful for enhancing the reproductive efficiency 
(especially litter size) of sheep and goat animals (Chu et 
al., 2007; Zi et al., 2012). Several studies showed that the 
inhibin is considered to be a glycoprotein hormone, and it 
belongs to the superfamily called transforming growth 
factor-beta (TGF-β). This superfamily and its related cell-
surface receptors are important intra-ovarian regulatory 
factors of ovarian follicular development and ovulation 
rate (Ling et al., 1985; Rivier et al., 1985; Robertson et al., 
1985; Woodruff et al., 1996). Inhibin was found to consist 
of two subunits, α and β linked by disulfide bonds (Mason 
et al., 1985). It was revealed to engaged in the regulation, 
synthesis and secretion of the pituitary follicle-stimulating 
hormone, steroidogenesis and maturation of follicles 
(Leyhe et al., 1994; Hiendleder et al., 1996b; Chu et al., 
2007). Also, Phillips (2005) reported that the inhibin is 
expressed in different organs of the body including testis, 
ovary, uterus in human, pig, sheep and mouse. However, a 
previous study in sheep, Rodgers et al. (1989) observed 
that follicles are considered to be the major source of 
inhibin; Moreover, Medan et al. (2003) reported that the 
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inhibin is a major factor that controls the ovulation rate in 
domestic and laboratory animals.  

INHβA ovine gene was revealed to be located on 
chromosome 4q26 (Brunner et al., 1995). Some studies 
showed that INHβA gene has a main role in controlling the 
reproductive performance in sheep and goats: In sheep, 
Fleming et al. (1992) revealed that Booroola ewes have 
significant high level of inhibin-βA mRNA in follicles of 
homozygous FecB gene-carriers as compared to control. 
Also, in different sheep breeds, Vanmontfort et al. (1998) 
found significant breed differences in circulating β-inhibin 
concentrations with different reproductive performances. 
Moreover, Leyhe et al. (1994), Hiendleder et al. (1996a), 
Hiendleder et al. (1996b) and Chu et al. (2007) reported 
that in sheep, the polymorphisms of inhibin-βA gene have 
had obvious significant impact on the litter size in different 
breeds. In goats, Zi et al. (2012) studied cDNA sequences 
and mRNA expression of INHβA gene in prolific (lezhi 
black) and nonprolific (Tibetan) goat breeds; and they 
have analyzed sequences of 1,360 base pairs that encode 
an assumed peptide of 425 amino acids. The comparison 
between the two breeds showed three base changes in 
INHβA (A to G at positions: 318, 831 and 1109), resulting 
in a substitution of one amino acid (Asp to Gly). These 
authors suggested that the presence of base changes in 
INHβA gene that resulted in amino acid substitution might 
be influencing the regulatory mechanism of differential 
fertility in these breeds. Since the studies on genetic 
variations in INHβA of Egyptian small ruminant species 
were lack, the objective of this study was to identify the 
polymorphism in INHβA gene and to investigate the 
association of these SNPs with enhancing litter size in 
local sheep and goat breeds. 

2. Materials and Methods 

2.1. Animals 

     The sheep and goats used in this study included 139 
females. These females consisted of 95 of sheep breeds 
(Barki, Osseimi, Rahmani, Saudanez and Awase) and 44 
of goat breeds (Zaraiby, Damascus, Boer, Saanine and 
Barki). 83 of sheep and 30 of goats were mothers at first, 
second, third and fourth parity, and they were used for the 
association of identified genotypes in INHβA gene with 
the twin production or with the litter size. The remaining 
26 females (12 of sheep and 14 of goats) were young and 
at an age of sexual maturity. For the same reproductive 

trait (twin production), these young females were 
conducted to select the animals that carry favorable gene 
markers (alleles) for their utilizing in successful breeding 
program. The animal breeds were sourced from Animal 
Production Farms belonging to Faculty of Agriculture 
(Cairo University), Nubaria belonging to National 
Research Centre and Governmental Halayieb, Egypt. The 
animals were not subject to any treatments during this 
study and only blood samples were collected from sheep 
and goats under veterinary supervision. Since the studied 
animals were a part of the herds of the farms mentioned 
above at the time of blood collection and were not subject 
to any treatments, the animals were kept in the same herds 
after blood sampling for this study.  

 

2.2. Blood sample collection and DNA extraction 

The samples of blood were collected. Genomic DNA 
was extracted from the whole blood samples according to 
the method described previously (Aboelenin et al., 2017a; 
Aboelenin et al., 2017b; Mahrous et al., 2020c). DNA 
concentration and quality were assessed and stored at -
20°C before use. 

2.3. Primers and PCR amplification   

Primers sequences were shown in table 1. These 
primers were cited by Chu et al. (2007) and used for 
identification of genetic polymorphisms in INHβA gene by 
using PCR-SSCP technique and nucleotide sequence 
analysis. The annealing temperature of each pair was 
optimized using a conventional PCR to exclude the 
presence of unspecific products or primer dimer, and the 
PCR products were analyzed by 2% agarose gel 
electrophoresis as described previously (Madkour et al., 
2020; Mahrous et al., 2020a; Mahrous et al., 2020b; 
Mahrous et al., 2020d; Sroor et al., 2020; Madkour et al., 
2021a; Madkour et al., 2021b; Mahrous et al., 2021; Sroor 
et al., 2022). The Polymerase chain reaction had been 
carried out in 25µl volume involving 2.5 µl of 10 x PCR 
buffer (50 mmol/L KCL, 10 mmol/L Tris-HCl (pH 8.0), 
0.1% Triton X-100) 1.5 mmol/L MgCl2, 200µmol/L each 
dNTP, 1µmol/L each primer, 50 ng genomic DNA, and 1 
U Taq DNA polymerase. The conditions of PCR were as 
follows: firstly, denaturation at 94oC for 6 min; followed 
by 32 cycles of denaturation at 94oC for 30s, annealing at 
55-62oC for 30s, extension at 72oC for 30s; with a final 
extension at 72oC for 10 min. 

Table 1. The sequences of primers and product size of PCR amplification of INHβA gene. 

Primer Primer sequence (5’→3’) Product size Amplified region Reference sequence 

Primer 1 
F: CAGGATGCCCTTGCTTT 

224 bp Exon 1 (1351-1574) 

U16238 
R: CATCGGGTCTCTTCTTCAA 

Primer 2 
F: CACTTGAAGAAGAGACCCG 

193 bp Exon 1 (1553-1745) 
R: CACCTGATTCCGCGAAC 

Primer 3 
F: GGCACAGCCAGGAAGACG 

335 bp Exon 2 (398-732) 

U16239 

R: CGTATGTCCAGGGAGCTCTTG 

Primer 4 
F: ATACGGATTGCCTGTG 

333 bp Exon 2 (728-1060) 
R: CTCACAGTAGTTGGCGT 

Primer 5 
F: GCTACCACGCCAACTACTGT 

293 bp Exon 2 (1038-1330) 
R: TCTCTGGACCATCTCGCTC 
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2.4. Single-strand conformational polymorphism (SSCP) 

For performing the SSCP analysis, the PCR products 
had been resolved. 10 ul of PCR product had been diluted 
in denaturing solution that consisted of A and B types. “A” 
type solution involved 95% of Formamide, 10 mM NaOH, 
0.05% Xylene-Cyanol and 0.05% bromophenol blue. “B” 
type solution same as “A” solution, plus 20 mM of EDTA 
(pH 8.0). About 10% SSCP gel mixture (30 ml) had been 
prepared through acrylamide- -bisacrylamide (37.5: 1), 
TEMED (30 ul) and 10% ammonium persulfate (0.8 ml) in 
a 1x TBE (90 mM Tris-borate at pH 8.3, 4 mM EDTA), 
and a voltage of 300 V, running time (6- 8 h) and running 
temperature at 4oC. Each PCR reaction had been diluted in 
denaturing solution, denatured at 95oC for 5 min, chilled 
on ice and resolved on non-denaturing polyacrylamide gel. 
Electrophoresis was performed in a vertical unit (Hoefer 
Scientist SE600, 160 x 140 x 1 mm) in a 1x TBE buffer. 
The gels had been stained with 0.1% silver nitrate and 
visualized through 2% NaOH solution (containing 0.1% 
formaldehyde). Homozygous and Heterozygous genotypes 
from different SSCP patterns in different breeds had been 
photographed and analyzed using Gel Documentation 
system. 

2.5. Sequence analysis  

In order to clarify the nucleotide analysis in the SSCP 
patterns that were given of tested gene (INHβA) in the 
present study, PCR product were purified and sequenced 
by special company (Macrogen Incorporation, Seoul, 
Korea). Sequence analysis and alignment were performed 
by cluster wide analysis using CodonCode Aligner 
software, CodonCode Corporation, USA.  

2.6. Statistical analysis 

The obtained data for PCR-SSCP patterns had been 
statistically analyzed by one way ANOVA followed by 
two-way ANOVA. The differences among pattern groups 
were determined significantly according to the method of 
Waller and Duncan (Waller et al., 1969). Also, the allele 
frequencies that were revealed in this study had been 
statistically analyzed using T-test.  

The values are expressed as mean ± SE. All statements 
of significance were based on probability of (P ≤ 0.05). 

3. Results 

3.1. PCR amplification of INHβA gene:  

 Genomic DNA of 139 animals of different sheep and 
goat breeds had been used to amplify the entire CDS and 
partial 5`UTR of INHβA gene using five primers pairs 
spanning 1326 bp. PCR amplicons were run on a 2% 
agarose gel and the five PCR amplicons sizes were 224 bp, 
193bp, 335bp, 333bp and 293bp, respectively (Figurers 1 
to 5). The first primer has had amplified the first 224 bp 
stretch of the INHβA gene (1 to 224), the second primer 
amplified the stretch from 203 to 395, the third one 
covered the distance from 396 to 730, the fourth one 
amplified the distance from 726 to 1058 and the fifth 
primer covered the distance from 1036 to 1328. These 
amplified products found to be consistent with the target 
regions with high specificity were used directly in SSCP 
assay. 

 M          1                2                  3                 4                 5

 
Figure 1. PCR product (lanes 1-5) of primer 1 of INHβA gene at 
size 224 bp. Lane M: 100 bp ladder. 

M               1               2               3                4               5

 
Figure 2. PCR product (lanes 1-5) of primer 2 of INHβA gene at 
size 193 bp. Lane M: 100 bp ladder. 

 

 

 

 

 

 

 

 

 
Figure 3. PCR product (lanes 1-5) of primer 3 of INHβA gene at 
size 335 bp. Lane M: 100 bp ladder. 

 
 

   M                1                 2                  3                 4                5 

 
Figure 4. PCR product (lanes 1-5) of primer 4 of INHβA gene at 
size 333 bp. Lane M: 100 bp ladder. 

 M                1                 2                  3                 4                5

 
Figure 5. PCR product (lanes 1-5) of primer 5 of INHβA gene at 
size 293 bp. Lane M: 100 bp ladder.
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3.2. PCR-SSCP analysis: 

3.2.1. PCR-SSCP of primer 1 of INHβA gene: 

PCR-SSCP analyses of the first amplicon (224bp) were 
shown in Figure 6 and Table 2. The results revealed three 
different banding patterns (P1, P2 and P3) in sheep. 
However, in goats, only one pattern was found, and all 
goats were subjected to pattern (P1) as that of sheep, and 
they were monomorphic on gel. 

In sheep, 62 animals classified as pattern one, comprise 
59 mothers and 3 females were at puberty, whereas 29 
animals were classified as pattern two involving 21 
mothers and 8 females at puberty. Only 4 animals were 
classified as pattern three, and consisted of 3 mothers and 
one female at puberty. Statistical analysis revealed that P1-
mothers have high rates of litter size as compared with that 

of P3, while there is a significant increase in lambing mean 
number when compared to that of P2 or P3. Consequently, 
P1-genotype is deemed to be a prolificacy gene marker.  

 
Figure 6. Shows three SSCP different patterns using primer 1 of 
INHβA gene. 

Table 2. Shows genetic polymorphisms (SSCP patterns) of INHβA gene using primer 1 and their effects on litter size in different Egyptian 
sheep and goat breeds:  

Species 
No. of 
animals 

SSCP 

Patterns 
(Ps) 

No. of 
animals at 
age of 
sexual 
maturation 

No. of 
mothers 

No. of 
single 
births 
(S.b) 

No. of 
twin 
births 
(T.b) 

Mean 
No. 
of 
S.b 

Mean 
No. 
of 
T.b 

Mean No. 
of lambing 

Mean No. of 
litter size 
(Twin 
production) 

Sheep 95 

P1 3 59 61 42 1.03 0.71 2.45±0.4c 1.74±0.1b 

P2 8 21 22 7 1.04 0.33 1.71±0.14b 1.47±0.24ab 

P3 1 3 3 0.0 1.00 0.00 1.00±0.23a 1.00±0.49a 

Goats 44 P1 14 30 29 35 0.97 1.16 3.30±0.12d 2.13±0.32c 

Data expressed as mean ± SE. Values followed by different superscript letters are significantly different from one another within the same 
columns (P< 0.05).

3.2.2. PCR-SSCP of primer 2 of INHβA gene: 

The second fragment (193bp) revealed just one pattern 
as shown in Figure 7. No polymorphisms were found, and 
both sheep and goats were monomorphic.  

 
Figure 7. Shows SSCP pattern (monomorphic) using primer 2 of 
INHβA gene. 

3.2.3. PCR-SSCP of primer 3 of INHβA gene: 

PCR-SSCP analysis of the third fragment (335 bp) was 
shown in Figure 8 and Table 3. The results detected 
polymorphisms in sheep by the presence of two banding 
patterns, pattern 1 (P1) and pattern 2 (P2). However, the 
banding patterns in all goats were monomorphic, and they 
were classified as pattern 1 as that of sheep. In sheep, 70 
animals were classified as pattern 1, 63 of them were 
mothers and the remaining 7 animals were at puberty; 

whereas 25 females including 20 mothers and 5 animals 
were at puberty were classified as pattern 2. Statistical data 
showed that P1-mothers had a significant high rates of 
litter size and increase of mean number of lambing as 
compared to P2-mothers. So, the polymorphism of this site 
could be considered a prolificacy gene marker. 

 

P1              P2                P1               P2               P2               P2 

 
Figure 8. Shows two SSCP different patterns using primer 3 of 
INHβA gene. 
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Table 3. Shows genetic polymorphisms (SSCP patterns) of INHβA gene using primer 3 and their effects on litter size in different Egyptian 
sheep and goat breeds.  

Species 
No. of 
animals 

SSCP 

Patterns 
(Ps) 

No. of 
animals at 
age of sexual 
maturation 

No. of 
mothers 

No. of 
single 
births 
(S.b) 

No. of 
twin 
births 
(T.b) 

Mean 
No. of 
S.b 

Mean 
No. of 
T.b 

Mean No. of 
lambing 

Mean No. of 
litter size 
(Twin 
production) 

Sheep 95 
P1 7 63 67 44 1.06 0.69 2.46±0.15b 1.75±0.19b 

P2 5 20 19 5 0.95 0.25 1.45±0.16a 1.20±0.7a 

Goats 44 P1 14 30 29 35 0.97 1.17 3.30±0.2c 2.14±0.19b 

Data expressed as mean ± SE. Values followed by different superscript letters are significantly different from one another within the same 
columns (P< 0.05).

 

3.2.4. PCR-SSCP of primer 4 of INHβA gene: 

PCR-SSCP analyses of the fourth fragment of INHβA 
gene (333 bp) were shown in figure 9 and table 4. Three 
banding patterns (P1, P2 and P3) were identified in goats. 
However, in sheep, the genetic polymorphisms were not 
detected, and all sheep females were subjected to pattern 1 
as that of goats and they were monomorphic.  

In goats, pattern 1 (P1) was investigated in 32 females, 
22 of them were mothers and the remaining 10 females 
were at puberty, whereas P2 was observed in 10 animals 
including 6 mothers and 4 females at sexual maturity age. 
Moreover, pattern 3 (P3) was only detected in two 
mothers. The results showed that P2 had elevated lambing 

mean number and high litter size rates when compared to 
P1-mothers, but no statistical significance was found. 

P1     P1      P2      P2     P2       P3      P1      P2        P2      P2       P2         P2

 
Figure 9. Shows three SSCP different patterns using primer 4 of 
INHβA gene. 

Table 4. Shows genetic polymorphisms (SSCP patterns) of INHβA gene using primer 4 and their effects on litter size in different Egyptian 
sheep and goat breeds:  

Species 
No. of 
animals 

SSCP 

Patterns 
(Ps) 

No. of 
animals at 
age of 
sexual 
maturation 

No. of 
mothers 

No. of 
single 
births 
(S.b) 

No. of 
twin 
births 
(T.b) 

Mean No. 
of S.b 

Mean No. 
of T.b 

Mean No. 
of lambing 

Mean No. of 
litter size 
(Twin 
production) 

Sheep 95 P1 12 83 86 49 1.04 0.59 2.22±0.19a 1.63±0.2a 

Goats 44 

P1 10 22 24 22 1.09 1.00 3.09±0.27ab 2.09±0.28b 

P2 4 6 4 9 0.67 1.50 3.67±0.33bc 2.17±0.18b 

P3 0.0 2 1 4 0.50 2.00 4.50±0.5c 2.5±0.5c 

Data expressed as mean ± SE. Values followed by different superscript letters are significantly different from one another within the same 
columns (P< 0.05).

3.2.5. PCR-SSCP of primer 5 of INHβA gene:  

PCR-SSCP analyses of the fifth fragment of the inhibin 
beta A gene (293bp) were shown in figure 10 and table 5. 
The results detected genetic polymorphisms in sheep 
animals. These polymorphisms were represented by the 
presence of 3 banding patterns (P1, P2 and P3). However, in 
goats, the genetic polymorphisms were absent. All goat 
animals were subjected to pattern 2 (P2) as in sheep and 
they were monomorphic. In sheep, pattern 1(P1) was found 
only in 3 mothers, while pattern 2 (P2) was found in 39 
animals involving 34 mothers and 5 females at sexual 
maturity age. Pattern 3 (P3) was found in 53 females 
including 46 mothers and 7 females at puberty. The P3-
mothers showed high litter size rates, which was 
insignificant in comparison with the mothers of P1 or P2 
genotype. The mothers of pattern 3 showed a statistically 

significant increase in lambing rate number in comparison 
with P1-ewes. So, P3 or P2 genotypes could be considered 
as a potential fecundity gene marker. 

P1     P1      P1      P1      P2     P2      P1      P3     P2      P1       P2     P1     P3       P2 

 
Figure 10. Shows three SSCP different patterns using primer 5 of 
INHβA gene. 
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Table 5. Shows genetic polymorphisms (SSCP patterns) of INHβA gene using primer 5 and their effects on litter size in different Egyptian 
sheep and goat breeds:  

Species 
No. of 
animals 

SSCP 

Patterns 
(Ps) 

No. of 
animals at 
age of 
sexual 
maturation 

No. of 
mothers 

No. of 
single 
births 
(S.b) 

No. of 
twin 
births 
(T.b) 

Mean 
No. 
of 
S.b 

Mean 
No. 
of 
T.b 

Mean No. 
of lambing 

Mean No. of 
litter size 
(Twin 
production) 

Sheep 95 

P1 0.0 3 3 0.0 1.00 0.0 1.00±0.57a 1.00±0.23a 

P2 5 34 40 16 1.18 0.47 2.12±0.15b 1.65±0.18ab 

P3 7 46 43 33 0.93 0.72 2.37±0.11b 1.65±0.17ab 

Goats 44 P2 14 30 29 35 0.97 1.17 3.30±0.15c 2.14±0.18b 

Data expressed as mean ± SE. Values followed by different superscript letters are significantly different from one another within the same 
columns (P< 0.05).

3.3. Nucleotide Sequence Analyses of INHβA Gene:  

Genetic polymorphisms in INHβA gene were detected 
in three amplified fragments (1, 3 and 5) in sheep, while 
the fourth amplified fragment was polymorphic in goats; 
on the other hand, no genetic polymorphisms were 
detected in the amplified fragment 2 in both sheep and 
goats. The nucleotide sequence analysis of PCR amplicon1 
revealed the presence of a SNP in the position 113 
(Fig.11). P1 discriminated with "A" nucleotide (A/A), 
while P2 discriminated with "C" nucleotide (C/C). P3 ewes 
had both alleles with "C" and "A" nucleotide (A/C). Figure 
12 shows sequence analysis of monomorphic type of PCR-
SSCP analysis by using primer 2.  

The primer 3 showed two patterns (P1 and P2) in 
INHβA gene. Nucleotide sequence analyses of the third 
amplicon showed differences between the two patterns in 
position of 157 on charts (Fig.13). In this location, pattern 
1 discriminated with "A" nucleotide "(A/A), while P2 had 
"G" nucleotide (G/G) in the same location on the chart.  

There were three different patterns of the fourth 
amplicon using primer 4 (P1, P2 and P3). Nucleotide 
sequence analysis identified differences between the three 
patterns in the position of 123 on charts (Fig.14) where 
pattern 1 discriminated with nucleotide "G"(G/G), while 
pattern 2 discriminated with nucleotide "A" (A/A). P3-
animals had both alleles (A/G), where they had both G and 
A nucleotide at the position 123. 

Moreover, using primer 5 showed three patterns. 
Nucleotide sequence analysis proved differences between 
the three patterns in the position 222 on charts (Fig.15). 
Pattern 1 discriminated with "G" nucleotide (G/G), while 
pattern 2 had both alleles with “G” and “A” nucleotides 
(A/G). Furthermore, pattern 3 was discriminated with "A" 
nucleotide (A/A).  

Table 6 shows the detected alleles and genotypes of 
INHβA gene in local domestic sheep and goats in Egypt.

 

 

P1 

 

P2

1P 

 

P3

  
Figure 11. Sequence analysis of PCR-SSCP patterns (P1, P2 and 
P3) of INHβA gene using primer 1. 

 
Figure 12. Sequence analysis of monomorphic (showed no any of 
SNPs) type of PCR-SSCP analysis of INHβA gene using primer 2. 

 

 

P1 

 

P2

 
Figure 13. Sequence analysis of PCR-SSCP patterns (P1 and P2) 
of INHβA gene using primer 3.
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Figure 14. Sequence analysis of PCR-SSCP patterns (P1, P2 and 
P3) of INHβA gene using primer 4. 
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Figure 15. Sequence analysis of PCR-SSCP patterns (P1, P2 and 
P3) of INHβA gene using primer 5.

 
Table 6. Nucleotide sequence analysis of INHβA gene in Egyptian sheep and goats showing relative genotype and allele frequencies.  

The used 
primer 

Species 
No. of 
animals 

Type of patterns (Ps) 
of SSCP analysis 

Genotype  
No. of Animals 
with SSCP pattern  

Relative genotype 
frequency 

Relative allele 
frequency 

Primer 1 

Sheep 95 

P1 AA 62 0.65 
A(0.67 ± 0.01)b 

C(0.33 ± 0.09)a 
P2 CC 29 0.31 

P3 AC 4 0.04 

Goats  44 P1 AA 44 1.00 
A(1.00 ± 0.09)b 

C(0.0 ± 0.0)a 

Primer 3 

Sheep 95 
P1 AA 70 0.74 A(0.74 ± 0.126)b 

G(0.26 ± 0.118)a P2 GG 25 0.26 

Goats  44 P1 AA 44 1.00 
A(1.00 ± 0.0009)b 

G(0.0 ± 0.0)a 

Primer 4 

Goats  44 

P1 GG 32 0.73 
A(0.25 ± 0.12)a 

G(0.75 ± 0.11)b 
P2 AA 10 0.23 

P3 AG 2 0.04 

Sheep  95 P1 GG 95 1.00 
A(0.0 ± 0.0)a 

G(1.00 ± 0.01)b 

Primer 5 

Sheep  95 

P1 GG 3 0.03 
A(0.76 5± 0.1)b 

G(0.235 ± 0.11)a 
P2 AG 39 0.41 

P3 AA 53 0.56 

Goats  44 P2 AG 44 1.00 
A(50 ± 0.04)a 

G(50 ± 0.04)a 

Data expressed as mean ± SE. Values followed by different superscript letters are significantly different from one another within the same 
columns (P< 0.05).

4. Discussion 

The present results by using SSCP and nucleotide 
sequence analyses detected different genetic 
polymorphisms in INHβA gene of Egyptian sheep and 
goat breeds. Some of these genetic polymorphisms were 
shown to be associated with increasing the litter size mean 
number and the lambing mean number in the local sheep 
and goats. The current results are consistent with that 
revealed by Chu et al. (2007). These authors studied the 
genetic polymorphisms in INHβA gene in eight sheep 
breeds, including two high fertile breeds (Small Tail Han 
and Hu sheep) and six low fertile breeds (Chinese Merino, 
Corriedale Dorest, German Mutton Merion, South African 
Mutton Merion, Texel, sheep). Their results determined 21 

single nucleotide polymorphisms (SNPs) in the entire 
coding region and partial 3`UTR. These SNPs formed 12 
genotypes and 9 alleles. 17 SNPs of 21 were from Hu 
breed; this breed is discriminated with early sexual 
maturity, year-round estrus and high prolificacy. 
Furthermore, the Small Tail Han KL-genotype mothers 
had more lambs than those with KK-genotype ewes. Also, 
the present findings are in coincidence with those revealed 
in several previous studies on ovine INHβA gene 
polymorphisms, where Hiendleder et al. (1992) observed 
allelic presence in Merino landschafe, Booroola Merino X 
Merino landschafe and East friesian Milk sheep (1.9 for 
A1 and 1.5 for A2). The frequency of alleles was 0.18 
(A1) and 0.82 (A2). Moreover, Hiendleder et al. (1996b) 
studied the genetic polymorphism in INHβA gene of five 
sheep breeds (Merino landschaf, East Friesian Milk sheep, 
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Rhoenschaf, Romanov and Heidschnucke) with different 
reproductive performance and compared with wild sheep 
(O. musimon, O. ammon, O. vignei) breeds; TaqI RFLP 
were identified. Nucleotide sequence analysis had revealed 
variable SNPs at positions 21 (A /G), 25 (C/T), 80 (A/G), 
119 (C/T), 165 (C/T), 216 (C/T), 260 (A/T), 310 (C/G) and 
372 (A/G) between domestic and wild sheep; 3 of them led 
to changes in the inferred sequences of the amino acid 
structure. They found that the frequencies of INHβA TaqI 
alleles significantly differed between breeds, and allele A 
has a positive effect on the average litter sizes. Moreover, 
in 4 sheep breeds (East Friesian Milk sheep, Romanov, 
Merino landschaf and Rhoenschaf), Leyhe et al. (1994) 
observed 2 TaqI alleles of INHβA gene, these breeds were 
found to be significantly different in TaqI allele 
frequencies with different reproductive performance. 
Hiendleder et al. (1996a) pointed the different alleles of 
ovine INHβA gene (by using genomic cloning and 
comparative sequence analysis) and studied their effects 
on the litter size in East Friesian and Merino landschaf 
Milk sheep mothers. They identified that the nucleotide 
substitution had influenced the fertility rate. On the other 
hand, Fleming et al. (1992) observed high significant 
levels of INHβA mRNA in follicles that carry FecB gene 
when comparing with control. Also, Jaeger et al. (1994) 
examined 1,000 lambing records and observed that the 
genetic polymorphism had clear effect on litter size in 
sheep, which confirms the fact that reproductive traits are 
polygenic in nature (Ray et al., 2016; Farag et al., 2018). 

5. Conclusions  

In conclusion, the present study demonstrated that 
INHβA is a potent candidate gene that affect fecundity 
trait in local small ruminants in Egypt. So, the 
polymorphisms in such genes are favorable genetic 
markers that could be investigated before starting breeding 
programs and could be utilized for improving twin 
production in Egyptian sheep and goat breeds. 
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Abstract 

This objective of this study was to explore the antioxidant, antihyperglycemic, and antiglycation properties of 13 methanolic 
extracts from 8 different Lilium species by various in vitro assays and their chemometric profiles to provide the evidence-
based information for further exploration. Chemometric profiling was performed using the MetaboAnalyst and GNPS: 
Global Natural Products Social Molecular Networking platforms to explore and identify the metabolites from Lilium 
metabolomics profiles. In vitro bioactivity studies showed that flower bud extract of L. lancifolium was the most active 
extract with the strongest radical scavenging activity against DPPH and SO radicals, reducing activity of ferric ions and 
highest total phenolic contents among tested extracts. Univariate and multivariate statistical analysis revealed that the 
chemical variation between the sample classes: parts used (bulb vs flower); bioactivity (active vs inactive) and studied 
species. 13 bioactive metabolites were putatively identified and some of them were confirmed by comparing the MS/MS 
spectrums with the standards. Results suggest that metabolite profiling along with the bioactivity study could be useful to 
explore the chemical compositions, functional and developmental potentials of valuable plant species, and lay the foundation 
for identification, separation and assessment of their potential medicinal applications and species classification.  

Keywords: Lilium; antioxidant; antihyperglycemic; antiglycation; chemometric profiling 
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1. Introduction 

The genus Lilium from the family Liliaceae, consisting 
of about 280 genera and 4,000 species(Carr), was 
comprised of 110-115 species. It is a rich source of 
chemical diversity and substantial natural resources that 
have great ornamental, medicinal, and edible value. 
Among them, 55 species and 18 varieties originated from 
China, which had a noticeable history for the richness of 
Lilium resources(Tang et al., 2010). Lily flowers and bulbs 
are regularly consumed as food and medicine all over the 
world, particularly in Asia(Munafo JrGianfagna, 2015). In 
China, the flowers and bulbs of some Lilium species are 
used for culinary and/or medicinal purposes. Local people 
believed that dried bulbs are potent for the lung diseases, 
have tonic properties, and are commonly used to flavor 
and thicken the soup(Royal Botanic Gardens, 1889). 
Moreover, specialized metabolites from some Lilium 
species showed the potential biological activities such as 
anti-inflammatory (Francis et al., 2004), hepatoprotective 

(Tang et al., 2015), antidiabetic (Tang, et al., 2015), 
antioxidant (Guo et al., 2014), antifungal (Uhlig et al., 
2014), antitumor (Shimomura et al., 1987), antibacterial 
activities (Li, 2007) and cardiac disease(Zhou et al., 2012) 
by various in vitro and in vivo assays. Due to these great 
potentials and traditional knowledge of Lilium, it has 
drawn an interest for commercial purposes. 

On the other hand, taxonomic classification is critical 
for the plant species to recognize and effectively exploit 
their effectiveness for different purposes. Morphological 
(ViscosiCardini, 2011), physiological (Dunlop et al., 
1999), genetics(Du et al., 2015), and chemical 
characterization(Rivière et al., 2012) has been used to 
classify the plant species by comparing the difference 
characteristics between them. Among these taxonomic 
classification methods, chemical characterization or 
chemotaxonomy became a useful tool for the plant 
taxonomy. It is a method based on the dissimilarity of the 
chemical constituents of the plant species to classify 
according to their phylogeny(Kim et al., 2012). Since the 
Lilium species are extremely related, several researches 
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have been carried out to classify the Lilium species with 
different approaches such as floral morphology(Gao et al., 
2015), SSR molecular markers(Du, et al., 2015), RAPD 
analysis(Ikinci, 2010) and DNA barcoding(Zheng et al., 
2014). However, chemical characterization has not been 
utilized to understand the differences of chemometric 
profiles of Lilium species so far.  

In recent years, metabolomics approaches has been 
broadly used to discover the chemical diversity of 
bioactive natural products, especially for the targeted 
isolation of structurally or biologically noble bioactive 
compounds(Raterink et al., 2014). Metabolomics is an 
approach that can characterize and quantify the primary 
and secondary metabolites or low molecular weight 
molecules present in the complex biological samples. 
Characterization of primary and secondary metabolites by 
metabolomics approach can be used to explore the 
relationship between the chemometric profiles of the 
studied species and identify the differences associated with 
the underlying study question and generate the new 
hypotheses(BoufridiQuinn, 2016).  

In this research, bioactivities such as antioxidant 
activity, antihyperglycemic and antiglycation properties of 
bulbs, flower buds and flowers extracts of Lilium species 
were investigated by various in vitro assays to determine 
the potential application of different varieties of lily and 
provide the evidence-based information for further 
development of research and innovation. MetaboAnalyst 
and Global Natural Products Social Molecular Networking 
(GNPS) platform were used to explore the Lilium 
chemometric profiles mainly based on their bioactivity and 
studied species, and to facilitate the identification of MS 
spectra in the complex metabolomics datasets of selected 
Lilium species.  

2. Materials and Methods 

2.1. Chemicals and reagents 

Analytical grade chemicals such as 2,2-Diphenyl-1-
(2,4,6-trinitrophenyl)-hydrazyl (DPPH), ascorbic acid, 
gallic acid, sulphanilic acid, glacial acetic acid, sodium 
nitroprusside, N-(1-naphthayl) ethylenediamine 
dihydrochloride, ethylenediamine tetra-acetic acid 
(EDTA), Folin-Ciocalteu’s reagent, sodium carbonate, 
riboflavin, nitro blue tetrazolium (NBT), potassium 
ferricyanide, trichloroacetic acid , ferric chloride, acarbose, 
α-Glucosidase, p-Nitrophenyl- α-D-Glucopyranoside 
(PNPG), fructose, bovine serum albumin (BSA) and 
sodium azide were purchased from companies such as 
Sigma Chemicals Co. (St. Louis, USA), and TCI 
Development Co. Ltd (Shanghai, China). Acetonitrile, 
dimethyl sulfoxide (DMSO), methanol and formic acid 
were purchased from Thermo Fisher Scientific, USA. 
Standards used for the compound identification were 
purchased from VEGSCI, Inc., China. 

2.2. Plant materials 

Lilium bulbs, flower buds and flowers used in this 
study were grown and collected form the greenhouses at 
the germplasm conservation center at the Beijing Academy 
of Agriculture and Forestry Sciences. The selected Lilium 
species used in this study are shown in Table 1. 

Table 1. Selected Lilium species 

Sample 
code 

Botanical name 
Family 
name 

Parts 
used 

Yield 
% 

ZDM1 
L. lechtlinii var. 
maximowiczii 

Liliaceae Bulb 16.96 

ZDM2 L.A.hybrids ‘Tresor’ Liliaceae Bulb 11.99 

ZDM3 L. lancifolium Liliaceae Bulb 10.49 

ZDM4 L. regale Liliaceae Bulb 17.99 

ZDM5 L. pumilum Liliaceae Bulb 10.46 

ZDM6 L. davidii Liliaceae Bulb 14.03 

ZDM7 L. brownie Liliaceae Bulb 12.65 

ZDMF1 L. davidii Liliaceae Flower 35.65 

ZDMF2 L. henryi Liliaceae Flower 31.64 

ZDMF3 L. lancifolium Liliaceae 
Flower 
bud 

26.32 

ZDMF4 L. lancifolium Liliaceae Flower 36.18 

ZDMF5 L.A.hybrids ‘Tresor’ Liliaceae 
Flower 
bud 

40.98 

ZDMF6 L.A.hybrids ‘Tresor’ Liliaceae Flower 53.76 

2.3. Extraction  

A grinding machine (BJ-800A, China) was used to 
crush freeze-dried plant samples into a fine powder. 
Samples were soaked for one week in 95 percent methanol 
then filtered, and solvents were removed using a rotary 
vacuum evaporator (RE 52AA, China). This step was 
repeated three times to get the maximum yield. Yield % 
was calculated using the formula: Yield % =Weight of the 
dry extract x 100/ Weight of the dry plant (Table 1). After 
removing the solvents, crude extracts were freeze-dried 
and stored at -80˚C for further experimentation.  

2.4. Biological activity assays 

2.4.1. In vitro antioxidant activity assays 

Free radical-scavenging activity of the extracts was 
explored using the stable DPPH free radicals as mentioned 
by Lee et al.(Lee et al., 1998). The detailed experimental 
protocol could be seen on this previous publication of Moe 
et al. (2018). The optical density (OD515) was measured 
using a Thermo Scientific Multiskan FC microplate reader. 
DMSO was used as the blank, and ascorbic acid was used 
as a positive control. Inhibition rate (%) was calculated 
through comparison to the blank.   

Nitric oxide (NO) radical scavenging assay was 
performed as mentioned by Hertog et al.(Hertog et al., 
1993). The detailed experimental protocol could be seen 
on this previous publication of Moe et al. (2018). The 
optical density (OD540) was measured using a Thermo 
Scientific Multiskan FC microplate reader. 

The extracts’ free radical scavenging activity was also 
determined using a superoxide (SO) radical scavenging 
assay modified from Patel Rajesh's methodology.(Patel 
RajeshPatel Natvar, 2011). The detailed experimental 
protocol could be seen on this previous publication of Moe 
et al. (2018). The optical density (OD560) was measured 
using a Thermo Scientific Multiskan FC microplate reader. 
In both NO and SO assays, ascorbic acid was useed as a 
positive control. 

To assess the reducing activity of each extract, ferric 
reducing antioxidant power (FRAP) assay described by 
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Takashi Kuda et al. was used with slight modifications 
(Kuda et al., 2005). 200 µL of extracts (10 mg/mL in 
DMSO), 200 µL of 0.2M Sodium Phosphate Buffer (pH 
6.6) and 200 µL of 1% Potassium ferricyanide [K3Fe 
(CN)6] were mixed in a 2 ml micro-capped tubes and 
incubated at 50 ˚C for 30 min. Then, the mixture was 
cooled down, and 200 µL of 10% trichloroacetic acid was 
added to the reaction mixture. After that, 125 µL of this 
mixture were transferred to a 96-well microplate, and 20 
µL of 0.1% Ferric chloride (FeCl3-6H2O) was added to 
each well. The optical density (OD620) was measured using 
a Thermo Scientific Multiskan FC microplate reader. 
Gallic acid was used as a positive control.  

2.4.2. In vitro antihyperglycemic activity assay 

α-glucosidase inhibitory assay protocol described by 
Peyman Salehi et al. was used to detect the 
antihyperglycemic potentials of Lilium extracts (Salehi et 
al., 2013). 10 μL of the extracts (0.4 mg/mL in DMSO), 
120 μL of 0.1 M phosphate buffer (pH 6.9) and 20 µl of α-
glucosidase (0.5 unit/ml) were mixed in a 96-well 
microplate and incubated at 37°C for 15 min. 
Subsequently, 20 μL of 5 mM p-nitrophenyl-α-D-
glucopyranoside was added to initiate the enzymatic 
reaction, and the reaction mixture was incubated at 37°C 
for 15 min. After that, the reaction was neutralized with 80 
μL of 0.2 M sodium carbonate solution, and optical density 
(OD405) was measured using a Thermo Scientific 
Multiskan FC microplate reader. The reaction mixture 
without plant extracts was used as control, and that of 
without enzyme was used as blank for correcting the 
background absorbance. Acarbose was used as a positive 
control. 

All the assays mentioned above were carried out in at 
least triplicate for each sample and positive controls, and 
inhibition rates for all the above tested assays were 
calculated using the following formula:  

Inhibition rate (%) = [1 – (OD tested / OD control)] × 
100 

2.4.3. In vitro antiglycation activity assay 

The ability of the extracts to inhibit the formation of 
advanced glycation end products (AGE) was measured to 
explore the in vitro antiglycation activity of the extracts as 
described by Choudhary (Choudhary et al., 2011). The 
detailed experimental protocol could be seen on this 
previous publication of Moe et al. 2018. AGEs formation 
was measured at the excitation of 340 nm and emission of 
440 nm fluorescence’s intensity by using an Agilent Cary 
Eclipse Fluorescence spectrophotometer (G9800, US). 
Rutin (1mM) was used as a positive control. The reaction 
mixture without fructose was used as the negative reaction 
control and that of without extracts as positive reaction or 
glycated control. Inhibition rate (%) was calculated by 
using the following formula:  
Inhibition rate (%) = [1 - (fluorescence of tested sample / 
fluorescence of positive control)] × 100 

2.4.4. Total phenolic content measurements 

The measurement of total phenolic content present in 
each plant extract was done using the method described by 
Andrew L. Waterhouse with a few 
modifications(Waterhouse, 2002). Briefly, 2 μL of the 
extracts (1mg/mL in 70% methanol) or Gallic acid in 
different concentrations (0, 0.5, 1, 1.5, 2, 2.5, 5 µg/ml in 

70% methanol) were put into the 96 well microplate. 148 
μL of the distilled water and 20 μL of 1N Folin-
Ciocalteu’s reagent were added. The reaction mixtures 
were mixed thoroughly and incubated at room temperature 
for 5 min. Then, the reaction was neutralized by adding 30 
μL of 0.2 g/ml sodium carbonate. After that, the samples 
were incubated at 40°C for 30 min, and the OD765 was 
measured with Thermo Scientific Multiskan FC microplate 
reader. For each sample, at least three replicate assays 
were performed. The total phenolic content (TPC) was 
represented as Gallic acid equivalent (GAE) in mg/g of 
extract using the equation generated from the Gallic acid 
standard curve (y = 0.0007x, R² = 0.9995). 

2.5. Sample preparation for UHPLC-LTQ-XL-IT-MS/MS 
analysis  

20 mg of each extract was dissolved in 1 mL of 70 % 
methanol and filtered through a 0.2 µm PTFE 
(polytetrafluoroethylene) filter, prior to ultrahigh 
performance liquid chromatography LTQ XL linear ion 
trap mass spectrometry/mass spectrometry (UHPLC-LTQ-
XL-IT-MS/MS) analysis. Pierce™ LTQ ESI positive ion 
calibration solution was used to calibrate the LCMS 
system to check the system performance. 70% Methanol 
was employed in the LC-MS analysis as a blank sample 
for background subtraction. 

2.6. UHPLC-LTQ-XL-IT-MS/MS analysis  

UHPLC-LTQ-IT-MS/MS analysis was performed 
using the method adapted from Lee et al. with a few 
modification (Lee et al., 2015b). Thermo Fischer Scientific 
LTQ XL linear ion trap mass spectrometry equipped with 
electrospray interface (Thermo Fischer Scientific, San 
José, CA, USA), DIONEX UltiMate 3000 RS Pump, RS 
Auto sampler and RS Column Compartment (Dionex 
Corporation, Sunnyvale, CA, USA) was used for 
metabolite profiling of the Lilium extracts. Samples were 
separated on a Thermo Scientific Hypersil GOLD C18 
column with 1.9 µm particle size. The mobile phase 
consisted of A (0.1% (v/v) formic acid in water) and B 
(0.1% (v/v) formic acid in acetonitrile) and the gradient 
conditions were increased from 10% to 100% of solvent B. 
Scanning was set to start after 1 min to source. Solvent 
gradient time was set over 19 min, and re-equilibrated to 
the initial condition for 4 min by setting the divert valve to 
waste. The flow rate was set at 0.3 mL/min and the 
injection volume was 10 µL. Temperature of the column 
during measurement was maintained at 35 ˚C. Ion trap was 
performed in positive and full-scan ion modes within a 
range of 150–1000 m/z. The operating parameters were as 
follows: source voltage; ±5 kV, capillary voltage; 39 V, 
capillary temperature; 275 ˚C, auxiliary gas flow rate; 
10−20 arbitrary units, sheath gas flow rate; 40−50 arbitrary 
units, spray voltage; 4.5 kV. Tandem MS (MS/MS) 
analysis was performed by scan-type turbo data-dependent 
scanning (DDS) under the same conditions used for MS 
scanning for the six most intense ions. MS data was 
acquired by Xcalibar software, Thermo Fischer 
Scientific(Khan et al., 2020). 

2.7. Data pre-processing  

The UHPLC-LTQ-IT-MS/MS data were acquired with 
Xcalibar software (version 2.00, Thermo Fischer 
Scientific). The raw data files were converted from the 
Xcalibar standard data-format to .mzXML format using 
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the MSConvert software, part of the ProteoWizard 
package version 3.0.19140 (Chambers et al., 2012). All 
.mzXML were pre-processed using MZmine 2.51 for mass 
detection, chromatogram building and deconvolution, 
deisotoping and peak alignment (Pluskal et al., 2010). The 
aligned peak list files were exported using the built-in 
options “Export to MetaboAnalyst file”.  

2.8. Statistical analysis and putative identification of 
metabolites  

For the LC-MS data analysis, .csv file created by 
MZmine 2.51 with feature lists (m/z, RT), sample name, 
group and the area of each peak was uploaded to 
MetaboAnalyst and statistical analysis was performed 
using unsupervised (principal components analysis - PCA 
and hierarchical cluster analysis - HCA) and supervised 
(Partial Least Squares - Discriminant Analysis - PLS-DA) 
methods.  Samples were classified into three different 
groups: parts used (bulb vs flower), species names and 
bioactivity (inactive vs active). Analysis was performed 
based on the sample groups. Then the univariate and 
multivariate statistical analysis was processed using 
MetaboAnalyst 4.0 (Chong et al., 2019). The data integrity 
check was done by default, data filtering was performed by 
mean intensity value and auto scaling was used for the 
normalization. Principal component analysis (PCA) and 
partial least-square discriminant analysis (PLS-DA) were 
performed to explore the metabolite differences between 
samples. The most significant metabolites were selected 
based on variable importance in the projection (VIP) score.  

After statistical analysis, metabolites were identified by 
using the standard compounds by comparing both mass 
spectra and retention time. If the standard compounds 
could not purchase, putative identification was done by the 
GNPS public spectral database which comprised of the 
library containing the natural product compounds from 
user contributions and third party databases such as 
Massbank, ReSpect, HMDB, CASMI and Sumner Spectral 
Libraries (http://gnps.ucsd.edu) (Wang et al., 2016b). 
mzXML files converted from the raw LC-MS files were 
uploaded to GNPS and molecular network was created 
with the MSCluster algorithm enabled(Frank et al., 2008) 
using the default parameters. The spectra in the network 
were then searched against GNPS' spectral libraries. The 
library spectra were filtered in the same manner as the 
input data. All matches kept between network spectra and 
library spectra were required to have a score above 0.6 and 
at least 4 matched peaks. Blank Spectra were also 

uploaded and filtered before networking. MASST Search 
(Mass Search Tool) was also used to search single MS/MS 
spectrum of interest against all public spectral libraries on 
GNPS (Wang et al., 2020). 

For the bioactivity assays, all data were expressed as 
mean ± standard error mean of at least triplicate 
experiments. One-way analysis of variance (ANOVA) and 
Dunnett’s or Tukey’s multiple comparison tests were 
performed to compare the difference between the plant 
extracts and standard control or between the tested plants 
extracts. In each analysis, P < 0.05 was considered to be 
statistically significant. Correlation analysis was also 
performed to evaluate the correlations between DPPH 
radical scavenging assay and the rest of tested bioactivity 
assays using GraphPad Prism version 7.00 for Windows, 
GraphPad Software, La Jolla California USA, 
www.graphpad.com. 

3. Results  

3.1. In vitro antioxidant, antihyperglycemic and 
antiglycation activities of Lilium extracts  

In this research work, potential antioxidant, 
antihyperglycemic and antiglycation activity of 13 
methanolic extracts of bulbs, flower buds and flowers from 
8 different Lilium species were explored by using the 
various in vitro assays for evidence-based validation. 
Comparison between the bioactivities of each plant extract 
and the standard or comparison between the samples was 
carried out to distinguish the potentially bioactive plant 
extract for further study and samples that were 
significantly different (P< 0.05) from the standard or from 
each other were also stated.  

ZDMF3 (flower bud extract of L. lancifolium) emerged 
as the most active plant extract in four of the seven 
bioassays that were evaluated. It demonstrated the highest 
ferric ion reducing activity with the maximum absorbance 
value of 2.02±0.08 and the highest radical scavenging 
activity against DPPH and SO radicals with inhibition 
rates of 91.54±0.38 %, 82.35 ± 1.25%, respectively (Table 
2) and highest total phenolic contents of 112.74 mg GAE/g 
of extract (Figure 1). While many other extracts had 
significantly lower activity than the standard for these 
assays, ZDMF3 was comparable to the standard and could 
be a potential source of antioxidants and valuable for 
reducing oxidative stress. 
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Table 2. In vitro antioxidant activities of selected Lilium extracts 

Sample code 

Inhibition rate (%) 

DPPH free radical 
scavenging activity 

Nitric oxide radical 
scavenging activity 

Superoxide radical 
scavenging activity 

FRAP activity 

(Absorbance) 

ZDM1 0.00* 28.02±3.72* 12.93±1.92* 0.18±0.002* 

ZDM2 0.00* 35.92±2.66* 15.61±3.49* 0.20±0.002* 

 ZDM3 44.02 ± 4.49* 54.54±0.24* 69.21±3.38* 0.85±0.025* 

ZDM4 57.96 ± 0.80* 60.19±1.44* 80.26±2.12 0.89±0.020* 

ZDM5 3.80 ± 3.52* 36.60±2.52* 2.77±6.67* 0.32±0.003* 

ZDM6 0.85 ± 0.33* 37.46±3.75* 11.28±5.21* 0.21±0.001* 

ZDM7 8.66 ± 3.15* 20.38±6.91* 36.66±4.22* 0.16±0.002* 

ZDMF1 23.14 ± 3.73* 45.64±2.17* 42.57±6.56* 1.22±0.017* 

ZDMF2 17.90 ± 0.47* 36.60±3.90* 51.44±2.42* 0.39±0.015* 

ZDMF3 91.54 ± 0.38 56.48±1.95* 82.35±1.25 2.02±0.089* 

ZDMF4 68.05 ± 1.29* 52.46±0.32* 68.59±4.68* 1.29±0.028* 

ZDMF5 60.56 ± 2.17* 36.51±1.12* 53.07±3.37* 0.94±0.011* 

ZDMF6 26.51 ± 0.73* 21.10±5.51* 45.59±2.97* 1.24±0.020* 

Ascorbic Acid 97.48 ± 0.16 74.88±0.86 89.56±0.58 - 

Gallic Acid - - - 3.82±0.031 

Results were shown as the average of at least triplicates of experiments ± standard error of mean.*P < 0.05, extract vs standard in each 
group. DPPH: 1, 1-diphenyl-2-picrylhydrazyl; FRAP: Ferric Reducing Antioxidant Power; GAE: gallic acid equivalent.

 
Figure 1. TPC of Lilium extracts determined by the Folin-
Ciocalteu’s assay and calculated as GAE in mg/g extract based on 
dry weight. Results were the average of triplicates ± standard error 
of the mean. Different letters (a–l) indicated significant difference 
(P < 0.05) from each group. GAE: gallic acid equivalent; TPC: 
total phenolic content 

For the inhibition of NO radicals, ZDM4 (bulb extract 
of L. regale) exhibited the best activity against NO radicals 
among the tested samples. The inhibition rate was 
60.19±1.44%, while the standard ascorbic acid showed the 
inhibition rate of 74.88±0.86% (Table 2). ZDM4 also has 
the moderate activity for antihyperglycemic activity 
through α-glucosidase inhibition assay with the rate of 
61.51±9.66% (Table 3).  It also possesses the second 
highest total phenolic contents of 87.86 mg GAE/g of 
extract (Figure 1). The highest activity of α-glucosidase 
inhibition among the tested extracts was to be possessed 
by ZDM7 (bulb extract of L. brownii) with the inhibition 
rate of 63.38±2.33%.  

Table 3. In vitro antihyperglycemic and antiglycation activities of 
selected Lilium extracts 

Sample code 
Inhibition rate (%) 

Antihyperglycemic 
activity 

Antiglycation 
activity 

ZDM1 29.16±2.36* 27.92±12.52* 
ZDM2 15.35±2.96* 12.84±2.68* 
ZDM3 38.38±9.99* 84.26±4.62 
ZDM4 61.51±9.66* 22.06±9.88* 
ZDM5 34.72±5.18* 29.33±6.06 
ZDM6 0.00* 20.17±1.92* 
ZDM7 63.38±2.33* 22.88±6.02* 
ZDMF1 28.88±1.24* 9.22±7.44* 
ZDMF2 38.13±2.91* 0.00* 
ZDMF3 19.56±2.54* 0.00* 

ZDMF4 10.45±5.67* 5.30±12.36* 

ZDMF5 41.60±1.80* 0.00* 
ZDMF6 43.95±6.92* 27.98±4.28* 
Acarbose 98.67±0.33 - 
Rutin - 56.73±3.35 

Results were shown as the average of at least triplicates of 
experiments ± standard error of mean.*P < 0.05, extract vs 
standard in each group.  

Then the inhibition of AGE formation was evaluated by 
a non-enzymatic glycation reaction. Among all the tested 
samples, ZDM3 (bulb extract of L. lancifolium) revealed 
the highest antiglycation activity with inhibition rate of 
84.26±4.62% (Table 3). Its activity was remarkably higher 
than the standard, rutin, with that of 56.73±3.35% at the 
tested concentration.  

3.2. Metabolite Profiling of Lilium Extracts by 
MetaboAnalyst workflow 

We analyzed the Lilium extract metabolomics data by 
classifying the samples based on their plant parts (bulb vs 
flower) to determine whether the samples are correctly 
classified using this statistical model. As shown in Figure 
2, PCA score plot clearly distinguished the metabolites 
from the bulb and flower extracts. In the PCA plot, 2 
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components account for 34 % of the variance. With the 
exception of one bulb extract, ZDM4 (L. regale), which 
clustered into the flower extract, hierarchical clustering 
analysis (Figure 3) likewise clearly distinguished between 
the two groups: one group comprising the flower extracts 
and the other group including the bulb extracts. L. regale 
bulb: purple in color, was different from all the other 
tested bulb extracts, which were all white. These color 
giving metabolites from ZDM4 extracts might be quite 
similar to that of the flower extracts, and this could be the 
reason that ZDM4 was clustered into the flower extracts. 
As per the result obtained, MetaboAnalyst platform was 
considered to be suitable for the analysis of Lilium 
metabolomic data sets.  

 
Figure 3. Dendrogram showing the hierarchical clustering pattern 
of Lilium metabolomics data based on the class defined by parts 
used (Bulb vs Flower). 

 
Figure 2. PCA scores plot for the unsupervised analysis of Lilium 
metabolomics data based on the class defined by part used (Bulb 
vs Flower).  

We then investigated the Lilium metabolomics data sets 
by classifying the sample class information based on their 
bioactivities: active vs inactive extracts to understand the 
metabolites separation between them. Bioactivity was 
classified based on the DPPH radical scavenging activity 
as this activity was positively correlated with the other 
antioxidant activities, such as NO radical scavenging 
activity(r= 0.45), SO radical scavenging activity(r= 0.79), 
FRAP activity(r= 0.74) and total phenolic contents(r= 
0.71). Extracts with ≥50 % of the inhibition rate of DPPH 
radicals were considered as active extracts, and those with 
< 50% were regarded as inactive extracts. For this 
analysis, 2 components account for 36% of the variance in 
PCA score plot (Figure 4A), and active extracts were 
clearly separated from the inactive extracts with 2 
components account for 29% of the variance in PLS-DA 
plot (Figure 4B). The metabolites that separated the active 
and inactive extracts can be seen in Figure 4C. As we can 
see in the dendrogram, almost all the active extracts are 
from the flower parts. As we previously mentioned, one 
bulb extract ZDM4 that revealed as bioactive appeared 
clustering into the flower extract (Figure 5A). PLS-DA 
analyses allow us for selecting the most important features 
or metabolites that differentiate between groups through its 
VIP score in the sPLS plot [23]. Of the 15 most important 
features of group separation, four metabolites were 
putatively identified as solasodine, chlorogenic acid, 
hydroferuloylglucose and 15-Oxospirosolan-3-yl 2-O-(6-
deoxy- alpha-L-mannopyranosyl) -beta- D-
Glucopyranoside (Steroidal saponins) by the GNPS public 
spectral database (Table 4). 

 

 
A                                                                        B                                                                       C 

Figure 4. Unsupervised and supervised analysis of Lilium metabolomics data based on their bioactivity: (A) PCA scores plot; (B) PLS-DA 
scores plot and (C) PLS-DA loadings for the 15 most important variables (metabolites) that could discriminate between the active and 
inactive extracts.
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Table 4. Discriminant metabolites from bioactivity-based grouping 

No. Parent ion (mz) 
Retention 
Time (min) 

Proposed Identity 
Molecular 
Formula 

Identifier GNPS library ID 

1 217.3448 2.46 NI - GNPS - 

2 414.8591 6.95 Solasodine C27H43NO2 GNPS/Standard CCMSLIB00004690970 

3 378.0405 2.72 Chlorogenic acid C16H18O9 GNPS CCMSLIB00003139010 

4 680.2759 5.57 NI - GNPS - 

5 289.0752 2.48 NI - GNPS - 

6 573.1011 5.94 NI - GNPS - 

7 793.4160 5.86 NI - GNPS - 

8 436.9548 14.71 NI - GNPS - 

9 373.3420 5.79 Hydroferuloylglucose C16H20O10 GNPS CCMSLIB00000209861 

10 356.1017 4.40 NI - GNPS - 

11 616.9453 13.17 NI - GNPS - 

12 510.4568 6.28 NI - GNPS - 

13 255.2844 3.74 NI - GNPS - 

14 738.0313 9.43 

15-Oxospirosolan-3-yl 2-O-
(6-deoxy-alpha-L-
mannopyranosyl)-beta-D-
Glucopyranoside 

C39H63NO12 GNPS CCMSLIB00000852029 

15 577.0903 5.72 NI - GNPS - 

NI: Not Identified 

 

A B 

Figure 5. Clustering pattern of Lilium metabolomics data based on the class defined by bioactivity: (A) Dendrogram; (B) Heatmap (distance 
measure using euclidean, and clustering algorithm using ward.D).  

We also studied metabolomic data of the Lilium bulb 
samples by classifying the samples based on their species 
to discover if the chemical characterization could 
differentiate the bulbs of these closely related Lilium 
species. For the unsupervised analysis, 2 components 
account for 45% of the variance in PCA score plot. As 
shown in the Figure 6A, Lilium species were closely 
related and three species such as L.brownii, L. lancifolium 
and L. regale were separated from the area in which the 
rest species are grouping into close manner. However, as 
shown in the Figure 6B, supervised analysis could 
discriminate the species with 2 components account for 
41% of the variance. The top 15 significant metabolites 
that discriminate these species and their relative 
concentration can be seen in the PLS-DA loading plot 
(Figure 6C). Among these 15 most important metabolites, 

relative concentration of 3 metabolites such as 
534.5637mz/14.08min, 517.0777mz /14.08min, and 
532.5118mz /13.13min were found to be highest in 
L.brownii than the rest of the species. The concentration of 
7 metabolites such as 485.4668mz/13.29min, 
696.6569mz/12.85 min, 694.7240mz/11.73min, 
589.8393mz /12.52min, 522.9131mz /14.26min 
(PC(0:0/18:0)), 613.9326mz /11.75 min, and 502.0174mz 
/13.29min were highest in L.A.hybrids ‘Tresor’. The rest 
five most important metabolites appeared as 332.0139 mz 
/4.76 min, 234.1394mz /12.28 min, 397.3256mz /1.58min, 
453.9508mz /4.60min, and 579.2074mz /5.88min (2-
(hydroxymethyl)-6-(2,20,21-trihydroxydocosan-3-
yloxy)oxane-3,4,5-triol) were relatively highest in 
concentration in L.regale. 



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 4 

 

586 

 

A B C 

Figure 6. Unsupervised and supervised analysis of metabolomics data of Lilium bulb samples based on species: (A) PCA scores plot; (B) 
PLS-DA scores plot and (C) PLS-DA loadings for the 15 most important variables (metabolites) that could discriminate between the closely 
related Lilium species. 

3.3. Chemical Interpretation of Lilium Extracts by GNPS 
workflow  

After the identification of discriminant metabolite, the 
bioactive compounds were further explored to get the more 
comprehensive chemical information into the 
metabolomics profiles of the methanol extracts of Lilium. 
As the classic untargeted metabolomics study with the 
statistical analysis was hindered by metabolite annotation 
due to its big and complexity data type and the availability 
of the chemical standards for the structural identification, 
classic molecular networking from GNPS was applied to 
identify the bioactive compounds present in the Lilium 
metabolomics profiles. Molecular network of the methanol 
extracts of Lilium was created on GNPS platform which 
organizes the metabolomics data by the relatedness of the 
structures through the similarity between fragmentation 
patterns (MS/MS) of precursor ions. The created molecular 
network can be found at the GNPS website via the 
following links: 

https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=42a7
896ae4094dbf8d745f525b0e8b90.   

The molecular network was generated for the spectra 
with a minimum of four shared fragment ions, and by 
merging all identical spectra into individual consensus 
nodes. Blank spectra from the solvent control were filtered 

before the networking. In the created Lilium molecular 
network, 7597 nodes were produced from the 91681 
MS/MS spectra establishing the 788 molecular families, 
which were formed based on the structural relatedness. 
MS/MS spectra which do not have any similarity with 
others formed as the self-loop single node. 47.3 % of the 
molecular families composed of 2824 nodes were 
putatively identified by GNPS spectral libraries with the 
unique compound names of 966 in total and the lists can 
be browsed at the link provided above. All the structural 
annotations were level 2 annotations according to the 2007 
Metabolomics Standards Initiative (MSI) (Sumner et al., 
2007). Among them, 13 metabolites which were 
previously found in the Liliaceae genus could be detected 
in this Lilium network by the GNPS spectral library 
matching (Table 5). In order to determine the presence of 
some compounds in the Lilium extracts, several reference 
compounds were purchased, their MS/MS spectra were 
generated using the same method as the crude extracts, and 
they were submitted to the GNPS website for data 
analysis. Ten bioactive compounds were confirmed to be 
present in Lilium species by comparing the MS/MS 
spectral data with standards. Retention time and spectral 
data of these compounds can be seen in Table 5. 
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Table 5. LC-MS characteristics of metabolites to be present in selected Lilium extracts 

No Proposed Identity 
Retention 
Time (min) 

Parent ion 
(mz) 

MS2 ions 
Molecular 
formula 

Identifier GNPS library ID 

1 Regaloside C 2.16 417.08 255,163,399,325 C18H24O11 Standard CCMSLIB00005720288 

2 Gallic acid 2.71 172.47 125,144,150,121 C7H6O5 
Standard/ 

GNPS 
CCMSLIB00005720302 

3 Chlorogenic acid 2.75 355.48 163 C16H18O9 GNPS CCMSLIB00000221163 

4 Rutin 4.69 611.49 303,465 C27H30O16 GNPS CCMSLIB00005435850 

5 Daucosterol 5.89 579.11 399,416 C35H60O6 Standard CCMSLIB00005720278 

6 
Stigmasterol 
glucoside 

6.48 574.28 
530,681,737,482,
624,511,455 

C35H58O6 Standard CCMSLIB00005720298 

7 Solasodine 9.52 414.89 397,253,271,158 C27H43NO2 
Standard/ 

GNPS 
CCMSLIB00005720295 

8 Quercetin 10.72 301.44 240 C15H10O7 Standard CCMSLIB00004705497 

9 Quercetrin 11.77 448.49 304,416,286 C21H20O11 
Standard/ 

GNPS 
CCMSLIB00005720287 

10 
Diosgenin/Spirost-5-
en-3-ol, (3beta,25R)-  

12.70 415.65 272,253,283 C27H42O3 GNPS CCMSLIB00000855694 

11 Gibberellic acid GA3 13.08 346.43 329,311,285 C19H22O6 
Standard/ 

GNPS 
CCMSLIB00005720279 

12 Riboflavin 13.50 413.70 396,354 C17H20N4O6 Standard CCMSLIB00004689658 

13 Isopimaric acid 17.92 303.47 
257,285,179,247,
123 

C20H30O2 
Standard/ 

GNPS 
CCMSLIB00005720283 

4. Discussion   

In China, Lilium species are considered as 
commercially important and widely used as edible and 
medicinal purposes. Many researches demonstrated that 
Lilium species have a wide range of biological activities 
including antioxidant and antidiabetic activities. Plant 
extracts or compounds which have the antioxidant, 
antihyperglycemic and anti-glycation activities might have 
great therapeutic potential for treating diabetic 
complications (Chinchansure et al., 2015). Zhang et al. 
studied that polysaccharides extracted from one of the 
Lilium species, Lilium davidii var. unicolor Salisb has 
certain antiglycation activity at different stages of non-
enzymatic glycosylation process(Zhang et al., 2018). 
However, very few researches have been carried out for 
the evidence-based validation, especially for antidiabetic 
potentials of Lilium species through glycation inhibition 
activity. The advanced glycation end-products (AGEs) 
formation is significantly increased in hyperglycemic 
conditions(Moe et al., 2018). Therefore, inhibition of 
AGEs is essential to prevent AGEs related biological 
disorders. Many researches have been carried out to search 
the natural or synthetic compounds, which can inhibit the 
AGEs. As anti-glycemic agents like metformin, amino 
guanidine and irbesartan have some side effects, 
compounds isolated from natural resources have been 
considered safer and cheaper options for the inhibition of 
AGEs formation(Kaewnarin et al., 2014).  

Among the studied species, we could have presumed 
that different parts of L. lancifolium could be useful for 
different purposes, as its flower bud extract was active for 
antioxidant activity when we tested its activity with four 
different in vitro assays such as DPPH, SO, FRAP and 
TPC, and its bulb extract was active for antidiabetic 
activity through glycation inhibition properties. This might 
be due to the specialized metabolite localization being 
different between the plant parts, and bioactivities could 

differ with the choice of the part used. Since the oxidative 
stress and non-enzymatic protein glycation was linked to 
various diseases such as Alzheimer’s disease, rheumatoid 
arthritis, diabetes and atherosclerosis(Perera et al., 2013, 
RahbarFigarola, 2003), L. lancifolium could be a 
promising plant species with therapeutic potential that 
merits further investigation, or could be used to develop 
the functional components or nutraceutical products using 
its different parts. 

Following the investigation of bioactivities of selected 
Lilium species, we further explore the chemical 
information that could give us the background information 
for different type of sample presenting the bioactivity in 
different ways. Hence, chemometric profiling of crude 
extracts of Lilium species was performed to explain this 
purpose. UHPLC-LTQ-IT-MS/MS analysis with data-
dependent scanning (DDS) mode was done and 
MetaboAnalyst platform (https://www.metaboanalyst.ca) 
was used to explore the metabolite characteristics of 
selected Lilium species. 

MetaboAnalyst is an extensive web-based platform for 
analysis of complex metabolomics datasets: particularly 
for data pre-processing, statistical analysis, and functional 
interpretation which requires little statistical or 
computational background (XiaWishart, 2016). The parent 
ion mass and retention time information can help the 
analyst to locate the target compounds in a complicated 
metabolomic data set even if the MetaboAnalyst platform 
is unable to annotate the identification of the discriminant 
features (Demarque et al., 2020). Finding the known 
metabolites within complex biological samples—a process 
sometimes referred to as dereplication—is one of the main 
obstacles to finding the noble bioactive compound. It is 
crucial to identify the MS spectra of the metabolites of 
complex metabolomics dataset by spectral database 
matching or standard compound comparison. Therefore, in 
order to search for compound identity using the spectral 
database, the information provided by MetaboAnalyst is 
crucial. Moreover, by using the grouping or class 
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information, it could also provide the information to 
determine whether the samples are correctly classified as it 
should be or the chemical information of discriminant 
compounds, which could be used as biomarker based on 
the studied questions. From this exploratory statistical 
analysis, we could detect the pattern of the significant 
metabolites based on the predefined grouping information. 
For instance, the metabolites that distinguish between the 
parts used are distinct from those that distinguish between 
groups based on bioactivity or species. Hence, we could 
extract the important chemical information using this 
exploratory statistical analysis. Even though the selected 
Lilium species belong to one genus, the chemical 
constituents were mainly related to different parts of the 
species, this may be due to the fact that the metabolites 
have different functions at different stages of the plant 
growth or plant parts based on the demand of metabolism 
and protective system of the plant (Kadhim et al., 2019). 

Among the identified important features of bioactivity-
based group separation, solasodine detected in the Lilium 
extracts is bioactive alkaloid, and previous studies 
indicated that it has antimicrobial, anti-oxidant, 
neuroprotection, anticonvulsant and central nervous 
system depressant activities (Chauhan et al., 2011, Kumar 
et al., 2009, Lecanu et al., 2011, Niño et al., 2009, Sharma 
et al., 2014). Solasodine, iridoid glycoside, is a typical 
Solanaceae metabolite. In addition to Solanaceae, other 
plant families such as Asparagaceae, Compositae, 
Smilacaceae, Rhamnaceae, and Rosaceae, were examined 
for the presence of iridoid glycosides(Chi et al., 1981). 
However, there is no previous report that Liliaceae can 
biosynthesize the iridoid glycosides. Even though the 
presence of solasodine was confirmed by comparing the 
MS2 spectra with the standard in this current research, it is 
still needed to confirm its presence in this species by the 

targeted isolation. As shown in the Figure 5B, the relative 
concentration of this bioactive compound tentatively 
identified as solasodine was higher in L. regale extracts 
than the rest of the extracts. NO radical scavenging activity 
and antihyperglycemic activity of L. regale extracts might 
be due to the presence of this compound.  

Hydroferuloylglucose, which was putatively identified 
by the GNPS library matching, was also found to have 
similar MS2 fragmentation pattern of that reported in the 
work of Ma et.al (Figure 7) (Ma et al., 2007). Ma et.al 
reported that Hydroferuloylglucose, one of the plant 
phenols, phenylpropanoid glycosides type compound 
could be one of the responsible compounds for the 
biological activity of ethanolic extract of Ananas comosus 
L. leaves, which exhibited the antidiabetic, 
antihyperlipidemic and antioxidative effects. The presence 
of this compound may have influenced the antioxidant and 
antidiabetic properties of Lilium species. 

The metabolites which are specifically found to be 
highest concentration in particular plant species may serve 
as potential biomarkers for discriminating the closely 
related species. Therefore, the metabolites, showed up as 
important features for species based group separation 
(Table 6), could be used as biomarkers to distinguish 
L.brownii, L.A.hybrids ‘Tresor’ and L.regale from the rest 
of the species, as the relative concentration of these 15 
metabolites were quite low in the rest species. However, 
only two metabolites were putatively identified as PC 
(0:0/18:0) and 2-(hydroxymethyl)-6-(2, 20, 21-
trihydroxydocosan-3-yloxy) oxane-3, 4, 5-triol by the 
GNPS public spectral database. With the help of GNPS 
library matching, some of the discriminant metabolites 
were able to identify putatively. However, many of them 
were still needed for the identification. 

Table 6. Discriminant metabolites from species-based grouping for the Lily bulbs 

No. Parent ion (mz) 
Retention 
Time (min) 

Proposed Identity 
Molecular 
Formula 

Identifier GNPS library ID 

1 534.5637 14.08 NI - GNPS - 

2 485.4668 13.29 NI - GNPS - 

3 696.6569 12.85 NI - GNPS - 

4 694.7240 11.73 NI - GNPS - 

5 517.0777 14.08 NI - GNPS - 

6 532.5118 13.13 NI - GNPS - 

7 332.0139 4.76 NI - GNPS - 

8 234.1394 12.28 NI - GNPS - 

9 589.8393 12.52 NI - GNPS - 

10 522.9131 14.26 PC(0:0/18:0) C26H55NO7P GNPS CCMSLIB00003121778 

11 613.9326 11.75 NI - GNPS - 

12 397.3256 1.58 NI - GNPS - 

13 502.0174 13.29 NI - GNPS - 

14 453.9508 4.60 NI - GNPS - 

15 579.2074 5.88 
2-(hydroxymethyl)-6-(2,20,21-
trihydroxydocosan-3-yloxy)oxane-
3,4,5-triol 

C28H56O9 GNPS CCMSLIB00000847180 

NI: Not Identified  

As the classic untargeted metabolomics study with the 
statistical analysis was hindered by metabolite annotation 

due to its big and complexity data type and the availability 
of the chemical standards for the structural identification, 
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classic molecular networking from GNPS was applied to 
identify the bioactive compounds present in the Lilium 
metabolomics profiles. Molecular network of the methanol 
extracts of Lilium was created on the GNPS platform 
which organizes the metabolomics data by the relatedness 
of the structures through the similarity between 
fragmentation patterns (MS/MS) of precursor ions.  

Among the identified metabolites which were involved 
in the Lilium molecular network created by GNPS, 
regaloside C is a glycerol glucoside, isolated from the 
bulbs of Lilium genus and its biological activities involve 
anti-inflammatory and cardiomyocyte protective activity 
(Qiu et al., 2020). Some bioactive phenolic acids such as 
gallic acid and chlorogenic acid were found to be present 
in the Lilium molecular network. Gallic acid is well known 
bioactive metabolite, which is present in a variety of fruits 
and a number of plants, and showed several biological 
activities such as antioxidant, anti-inflammatory, 
hepatoprotective, antimicrobial, antidepressant, 
antiparkinson, antidiabetic, antimalarial, diuretic, 
cardioprotective, antiviral, antifungal, wound healing, 
anthelmintic, and anxiolytic (Kahkeshani et al., 2019, 
Nayeem et al., 2016). Chlorogenic acid also plays several 
biological and pharmacological roles, such as anti-
microbial, antioxidant, anti-inflammatory, antipyretic, 
hepatoprotective, cardioprotective, neuroprotective, anti-
obesity, antiviral, anti-hypertension and as a central 
nervous system (CNS) stimulator and modulator for many 
metabolic disorders such as diabetes, hepatic steatosis, 
cardiovascular disease and obesity (Naveed et al., 2018).  

Some phytosterol were also detected in the Lilium 
molecular network. A phytosterol, namely daucosterol, 
was among them and it possesses some biological 
activities, such antimicrobial, antiproliferative, 
neuroprotective, anti-cancer, and apoptotic effects by 
several in vitro assay results (Jiang et al., 2015, Lee et al., 
2015a, Lee et al., 2009, SultanaAfolayan, 2007, Wang et 
al., 2016a, Zhao et al., 2015). Another phytosterol, 
Stigmasterol glucoside, was also present in this network. 
Khatun et. al discussed the possible biological activity of 
plant sterols, and they assumed that glucose moiety of the 
sterol glucoside may prevent the esterification of 
cholesterol, and this might inhibit the entry of cholesterol 
into the blood vessel (Khatun et al., 2012). Quercetin, a 
medicinally important flavonoid, and its derivatives, 
quercetrin and rutin, were identified in this molecular 
network. Many studies reported several beneficial health 
effects on quercetin such as antioxidant, antidiabetic, 
antiviral, anti-inflammatory, cardioprotective, 
neuroprotective, hepatoprotective and antimicrobial 
through various in vitro assays (Pejin et al., 2015). 
Moreover, it's derivative, bioactive rutin, was previously 
reported to be present in the bulb extract of L. lancifolium 
(Jin et al., 2012), and it had been identified in this Lilium 
molecular network. As rutin has wide range of 
bioactivities such as anticancer (Alonso-Castro et al., 
2013), antidiabetes (Niture et al., 2014), antihypertensive 
(Olaleye et al., 2014), anti-inflammation (Choi et al., 
2014) and antioxidant (Sikder et al., 2014), the presence of 
this compound could contribute the antioxidant and 
antiglycation activity of Lilium species. Zhang et.al 
reported that quercetrin inhibited colorectal cancer cell 
growth and facilitated apoptosis, and might be potential 
candidate for colorectal cancer chemotherapy (Zhang et 

al., 2017). Diosgenin or Spirost-5-en-3-ol, (3beta,25R), a 
well-known plant steroid sapogenin compound found in 
this species, also has numerous pharmacological potentials 
such as anti-diabetes, anticancer, immunomodulatory, 
estrogenic, cardiovascular protective, neuroprotective and 
skin protective effects (Chen et al., 2015). Gibberellic acid 
GA3: plant growth hormone and vitamin B2 were also 
detected. A widely available tricyclic diterpenoid, 
isopimaric acid, which has interesting biological and 
pharmaceutical properties, such as antimicrobial, antiviral, 
antiallergenic, and anti‐inflammatory activities, was also 
present in the Lilium network. 

5. Conclusions  

It could be concluded that L. lancifolium showed most 
promising activities among the studied species as its 
flower bud extract was active for antioxidant activity in 
four different in vitro assays, and its bulb extract was 
active for antidiabetic activity through glycation inhibition 
property. L. lancifolium may therefore be a promising 
plant species with potential therapeutic properties and is 
deserving of additional in-depth study for targeted 
isolation of compound of interest. Two MS2-based 
untargeted metabolomics approaches, MetaboAnalyst and 
GNPS, assist to explore the specialized metabolite profiles 
of selected Lilium species. To our knowledge, this study 
was the first to explore the specialized metabolite profile 
of Lilium species by these approaches. Using these 
methods, it was possible to recover the chemical 
information of 13 previously identified bioactive 
chemicals as well as some of the discriminant molecules 
that may be utilized as biomarkers for Lilium species. 
Many compounds present in the Lilium extracts could not 
confirm their identities through the public database 
searches. This could be for a number of reasons: either 
these metabolites were potentially new and noble 
compounds that required isolation and identification using 
various chromatographic techniques, or their spectra were 
already known but not included in this public database for 
spectral matching. It's also possible that commercially 
available spectral databases could identify more 
metabolites than the public database we used. Although 
the selected Lilium species belong to one genus, their 
chemical composition was mainly related to the choice of 
the plant parts. Since the metabolites have different 
functions at different stages of the plant growth, or depend 
on the demand of metabolism and protective system of the 
plant, the chemical composition of the specific parts of the 
plant might be different. It appeared that the major 
metabolites detected in this study seem to have potential 
therapeutic uses. However, further studies are still needed 
for the practical usage, as most studies are based on in 
vitro assays, and their effects on humans still need to go 
through clinical trials. From the current work of our 
research, metabolite profiling of selected Lilium species 
along with the bioactivity study will further pave the way 
for the targeted isolation of structurally or biologically 
noble bioactive compounds, and will provide evidence-
based information of antioxidant and antidiabetic activity 
for further development and application of these Lilium 
species for therapeutic uses. Moreover, we expect that our 
study could be an invaluable proof to promote the 
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exploration and research on this and other edible and 
medicinal plants.  

6. Supplementary Materials 

TIC chromatograms of each sample can be available as 
supplementary materials. (Figure S1. TIC chromatogram 
of methanolic extract of ZDM1, Figure S2. TIC 
chromatogram of methanolic extract of ZDM2, Figure S3. 
TIC chromatogram of methanolic extract of ZDM3, Figure 
S4. TIC chromatogram of methanolic extract of ZDM4, 
Figure S5. TIC chromatogram of methanolic extract of 
ZDM5, Figure S6. TIC chromatogram of methanolic 
extract of ZDM6, Figure S7. TIC chromatogram of 
methanolic extract of ZDM7, Figure S8. TIC 
chromatogram of methanolic extract of ZDMF1, Figure 
S9. TIC chromatogram of methanolic extract of ZDMF2, 
Figure S10. TIC chromatogram of methanolic extract of 
ZDMF3, Figure S11. TIC chromatogram of methanolic 
extract of ZDMF4, Figure S12. TIC chromatogram of 
methanolic extract of ZDMF5, Figure S13. TIC 
chromatogram of methanolic extract of ZDMF6.) 
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Abstract 

Patients undergoing hemodialysis are at an increased risk of contracting viral infections. The aims of this study were to 
determine the prevalence of GBV-C infections and to evaluate their clinical importance in hemodialysis patients. This one 
center cross-section study was carried out for 100 patients attending Al-Kindy center for hemodialysis in Baghdad, Iraq. 
Serum samples were tested by reverse transcription nested polymerase chain reaction (nested RT-PCR) for GBV-C detection 
and for liver function evaluation. GBV-C RNA was detected in 35% of hemodialysis patients, 17/48 (35.4%) in HCV 
positive patients, while 18/52 (34.6%) without HCV. GBV-C infection had no significant association with HCV status 
among hemodialysis patients, and also no significant association with age, sex and liver enzyme.  Patients who have GBV-C 
have a much longer hemodialysis period than those who do not have GBV-C. Furthermore, phylogenetic analysis showed 
that ten GBV-C local isolates were related to GBV-C genotype 2; however, two pairs of the local isolates were completely 
identical (100%), which could be an indicator for nosocomial transmission among hemodialysis unit. In conclusion, GBV-C 
did not seem to contribute to increasing the level of liver enzyme or the severity of HCV infection in hemodialysis patients, 
and so mandatory screening for GBV-C is not recommended for hemodialysis patients at this time.  

Keyword: HPgV, GBV-C, ALT, AST, hemodialysis, one step nested RT-PCR, phylogenic tree.
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aminotransferase, HD= hemodialysis. 

1. Introduction 

Patients undergoing hemodialysis (HD) therapy are at 
an increased risk of contracting viral infections. This is due 
to their underlying impaired cellular immunity, which 
makes them more susceptible to infection. Furthermore, 
the HD process necessitates prolonged blood exposure to 
infectious materials via extracorporeal circulation, which 
increases the likelihood of nosocomial infection exposure 
(Bernieh, 2015). Patients undergoing long-term 
hemodialysis are particularly vulnerable to parenterally 
transmitted agents, making them an important population 
for studying the clinical and epidemiological implications 
of newly discovered agents (Forns, 1999). Hepatotropic or 
other hepatitis-associated viruses, such as hepatitis B virus 
(HBV), hepatitis C virus (HCV), torque teno virus (TTV), 
SEN Virus (SENV), and hepatitis G virus (HGV) are 
responsible for some of the most common viral infections 
in hemodialysis patients (Forns, 1999; Ozdarendeli et al., 
2005; Abd El-Hady et al., 2006; Abdullah et al., 2012; 
Abdullah et al., 2014; Khudair et al., 2019). 

Human pegivirus (HPgV) or GB virus C (GBV-C), 
previously known as hepatitis G virus (HGV), was 
discovered in 1995 and belongs to the Flaviviridae family. 
It is an enveloped, icosahedral, single-stranded RNA 

positive-sense virus (9.4 kb)  (Ibrahim and Hamdani 2015; 
Rinonce et al., 2017). GBV-C is classified into seven 
genotypes with unique distribution depending on the 
geographic area. Genotypes 1 and 5 are mainly found in 
Africa, genotype 3 is more prevalent in Asian, in European 
and North American populations, genotype 4 in the 
Philippines and Southeast Asia, genotype 6 in China and 
Japan and 7 is found solely in China. Sometimes, multiple 
GBV-C genotypes that display a propensity to recombine 
may infect the same person (Slavov et al., 2019; dos 
Santos Bezerra et al., 2020). Vertical, parental and sexual 
transmission of GBV-C have been reported (Sathar et al., 
2000). The frequency and occurrence of the GBV-C 
infection are higher in risk groups that are vulnerable to 
sexually transmitted or blood-borne infections (Scallan et 
al., 1998; Christensen et al., 2003). 

The clinical significance of GBV-C infection in 
humans has yet to be determined, and there is a paucity of 
data in HD patients. The prevalence of GBV-C infection 
among patients with end-stage renal disease and chronic 
HD was ranged from 6% to 44% in different countries 
(Ozdarendeli  et al., 2005; Bernieh, 2015).  However, none 
of the studies found that GBV-C infection causes any 
increase in liver enzymes or hepatic failure, although co-
infection with other hepatitis viruses may increase 
morbidity and mortality rates (Eslamifar et al., 2007; 
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Dadmanesh et al., 2015). The aim of the present study was 
to determine the prevalence, risk factors and clinical 
implications of GBV-C infection in hemodialysis patients 
and to evaluate any possible association with HCV. 

2. Materials and Methods 

2.1. Study population 

 The study covered the period from December 2020 to 
February 2021.This cross-sectional study was conducted 
on 100 hemodialysis patients in one center at Al-Kindy 
hospital in Baghdad, Iraq. The participants in this study 
comprised two groups: those who had HCV antibodies and 
those who did not.  

2.2. Specimen collection 

 Prior to beginning hemodialysis sessions, 5 ml blood 
sample was collected from patients as part of the hospital 
routine work, and sera were isolated from left over blood 
samples. Blood samples were allowed to clot at room 
temperature for 20 minutes before being centrifuged at 
3,000 rpm for 10 minutes within 2 hours of blood 
sampling.  Aliquots of each sample were made and stored 
at -20oC and -70oC until they were used for biochemical 
tests (ALT and AST) and reverse-transcriptase nested 
PCR, respectively. This study was approved by College of 
Medicine, University Diyala and Ministry of Health (No. 
86229 on 8 December 2020).  

2.3. RNA Extraction 

 The serum samples were allowed to thaw at room 
temperature. For the isolation and purification of RNA, the 
Viral Nucleic Acid Extraction Kit II (Cat. #VR00, 
Geneaid, Taiwan) was used. The procedure was carried out 
following the manufacturer's instructions.  

2.4. GBV-C virus RNA Amplification 

 RNA was converted to cDNA and amplified in the 
same tube using the SuperScript™ III One-Step RT-PCR 
System with Platinum™ Taq DNA Polymerase 
(Invitrogen, USA). The RT-PCR reaction mixture (25 µL) 
was prepared using 5 µL of RNA, 1 μl of each of G58 
(outer forward primer) and G75 (outer reverse primer) 
(Table 1), 1 µl of SuperScript™ III RT/Platinum™ Taq 
Mix, 12.5 µl of the master mix and 4.5 µl nuclease-free 
water. RNA was transformed to cDNA at 50°C for 30 
minutes and then RNA/cDNA hybrid was denatured 
during the 2-minute incubation at 94°C, followed by 30 
cycles of denaturation at 94˚C for 30-second, annealing at 
55˚C for 30-second, and extension at 72˚C for 30-second, 
and final extension for 2-minute at 72˚C. For the second-
round reaction, RT-PCR products were further amplified 
using nested PCR with primers specific for 5-untranslated 
region (G134 and G131). The reaction mixture (25 µL) 
was prepared using 5 µL of amplified cDNA from the first 
PCR run, 1 μl of each of G134 (inner forward primer) and 
G131 (inner reverse primer), 12.5 µl of the master mix and 
5.5 µl nuclease-free water. The cycling conditions for the 
second-round reaction were performed as following (94˚C 
for 2-minute, followed by 40 cycles, denaturation at 94˚C 
for 30-second, annealing at 55˚C for 30-second, and 
extension at 72˚C for 30-second, and  final extension for 2-
minute at 72˚C. The PCR products (208 bp) were detected 

in 3% agarose gel (Figure 1) after electrophoresis for 1 
hour at 80 volts. 

Table 1. The primers used in nested RT-PCR (Egawa et al., 1996; 
AbuOdeh et al., 2015). 

Primer 
Name 

Product 
size 
(bp) 

Primer Sequence (5' to 3') 

G58 
(outer; 
forward) 

242  CAGGGTTGGTAGGTCGTAAATCC  

G75 
(outer; 
reverse)  

242  CCTATTGGTCAAGAGAGACAT  

G134 
(inner; 
forward) 

208  GGTCAYCYTGGTAGCCACTATAGG  

G131 
(inner; 
reverse)  

208  AAGAGAGACATTGWAGGGCGACGT 

2.5. Quality control 

 Samples that previously tested positive were used as 
positive control samples; they were further confirmed by 
sequencing, while the negative control consisted of the 
reagents used to prepare the PCR amplification mixture 
without GBV-C RNA.  

2.6. Sequencing and phylogenetic analysis 

Ten PCR products of second-round PCR of GBV-C 
and G134 (inner; forward) primer were sent for Sanger 
sequencing by Microgen Corporation (Korea). The results 
were analyzed using Bio Edit v7.2.5. The phylogenetic 
relationships between the ten GBV-C samples were 
reconstructed in the form of a Neighbor-Joining tree by 
Mega Xv.10.2.5+NCBI and based on the Jukes-Cantor 
(JC) model. Genotypes of GBV-C were provisionally 
estimated from the tree based on the clustering with the 
reference GBV-C isolates from GenBank (GenBank acc. 
AB013206.1, AF095693.1, GQ227348.1, GQ380413.1, 
Y18156.1, JX494215.1,  AY269959.1, AF075218.1, 
AF058742.1, AY196904.1, AF078055.1,  AJ000584.1, 
AF172512.1, AB033840.1, AB022539.1, JF832375.1, 
U86113.1, AF073743.1, AF015876.1). Our isolates were 
deposited at GenBank under the acc. MW962987.1, 
MW962988.1, MW962989.1, MW962990.1, 
MW962991.1, MW962992.1, MW962993.1, 
MW962994.1, MW962995.1 and MW962996.1. 

2.7. Statistical Analysis 

 All data were analyzed using the statistical package for 
social sciences (SPSS), version 26. Data were expressed as 
means ± S.D. The chi-squared test (χ2) was used to 
determine the frequency difference, and Student’s t-test 
was used to evaluate the mean differences. ANOVA test 
was used to compare the means of more than two 
independent groups. The level of significance in all cases 
was set at a two-tailed (p<0.05). 
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Figure 1. Gel electrophoresis of GBV-C second round PCR 
product using 3% agarose in TBE buffer, L1 was (100-1000 bp) 
ladder. L2, L4, L5, and L6 were positive samples (208 bp), while 
L3, L7, L8, and L9 were negative samples. 

3. Result 

This study included 100 hemodialysis patients with a 
mean age of 51.17 years (±15.69 SD). Forty-eight (48) 
were HCV positive, while 52 were HCV negative, with 
mean ages of 49.9 years (±15.097 SD) and 51.6 years 
(±16.635 SD), respectively. Males made up 60% of the 
population, while females made up 40%. GBV-C was 
found in 35 out 100 (35%) hemodialysis patients, 17 out 
48 (35.4%) HCV positive patients, and 18 out 52 (34.6%) 
HCV negative patients. There was no significant 
association (p> 0.05) between GBV-C infection and HCV 
status among the hemodialysis patients (Table 2). In 
addition, there was no statistically significant difference 
(p> 0.05) between GBV-C positive and GBV-C negative 
individuals in terms of liver enzyme levels (Table 3). 
Table 2. Occurrence of GBV-C among hemodialysis patients with 
respect to HCV status. 

GBV-C RNA 
Status* 

HCV status Total 
hemodialysis 
patients 
(n=100) 

StatisticHCV 
Positive 
(n=48) 

HCV  
Negative 
(n=52) 

GBV-C 
Positive 

17 
(35.4%) 

18 (34.6%) 35 (35%) 

p= 
0.933 

GBV-C 
Negative 

31 
(64.6%) 

34 (65.4%) 65 (65%) 

Total 48 
(100%) 

52 (100%) 100 (100%) 

*Using Chi-square test at 0.05 level 

Table 3. Serum ALT and AST level (U/L) in relation to GBV-C 
status in hemodialysis patients (n=100). 

Biochemical 
tests* 

GBV-C 

Statistic Positive 
(n=35) 

Negative 
(n=65) 

ALT (U/l)** 5.460 ± 5.093 6.605 ± 6.101 p= 0.619 

AST (U/l)** 7.111±5.437 8.875 ±7.296 p= 0.213 

**Normal values: AST 15-37 U/L, ALT 12-78 U/L 

*Using T- test at 0.05 level. 

Concerning the demographic data, clinical 
characteristics and risk factors of participants, there is no 
significant statistical difference (p>0.05) between the 
GBV-C positive and negative individuals. However, the 
duration of hemodialysis is significantly (p<0.05) longer in 
GBV-C positive patients than in GBV-C negative patients 
(Table 4). 

For GBV-C genotyping, ten GBV-C positive samples 
were successfully sequenced using the 5’-untranslated 
region (5’-UTR). The sequences of the current study were 
compared with GBV-C reference sequences from the 
GenBank database. The sequences of the local GBV-C 
isolates were 96-99% similar to that of the reference GBV-
C genotype 2 and clustered in a common group with the 
sequences of GBV-C isolated from Bolivia, United 
Kingdom, Brazil, Canada, Belgium, Venezuela, France, 
China, Hong Kong, USA, Singapore, Germany, South 
Africa, Yamagata, Japan, Colombia, Sweden, Greece and 
Italy (Table 5) 

Nucleotide sequence alignment showed 99% similarity 
between local isolate sequences in current study with 
Bolivian isolate GenBank Accession number 
(AB013206.1). However, these local isolates (GB virus C 
IRAQ:3, 4, 5, 14, 19, 37, 46, 60, 62 and 76) showed some 
variations summarized in the table (6). 

Phylogenetic trees of GBV-C (5-UTR) detected in 
hemodialysis patients were constructed using Neighbor 
joining (NJ) tree based on the Jukes-Cantor (JC) model 
and evaluated using the interior branch test method with 
(MEGA version 10.2.5). All local GBV-C (5-UTR) 
sequences were grouped in the same cluster with 99% 
similarity (Figure 2). These sequences belong to genotype 
2 and were clustered in a common group (Figure 3) with 
GBV-C sequences from: Bolivia (AB013206.1), United 
Kingdom (AF095693.1) and Belgium (Y18156.1) with 
99%, 98%, 97% similarity, respectively.  
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Table 4. Comparison of clinical characteristics and risk factors according to GBV-C status in hemodialysis patients (n=100). 

Risk factors* 
GBV-C 

Total Statistic 
Positive Negative 

Age (mean±SD)** 50.94±13.70 51.29±16.77 51.17±15.69 p=0.198 

Sex 
Female  14 (39.6%)  26 (40.4%)  40 (40%)  

p=1.000 
Male 21(60.4%)  39 (59.6%)  60 (60%) 

Diabetes Mellitus 

Presence 14(40%) 19(29.2%) 33 (33%) 

p=0.275 Absence 21(60%) 46(70.8%) 67 (67%) 

Total 35(100%) 65(100%) 100(100%) 

Hypertension 

Presence 26(74.29%) 52 (80%) 78 (78%) 

p=0.629 Absence 9 (25.71%) 13 (20%) 22 (22%) 

Total 35 (100%) 65 (100%) 100(100%) 

History of blood 
transfusion 

Presence 30(85.71%) 47 (72.3%) 77 (77%) 

p=0.499 Absence 5 (14.29%) 18 (27.7%) 23 (23%) 

Total 35 (100%) 65 (100%) 100(100%) 

History of kidney 
transplantation 

Presence 1 (2.85%) 1 (1.56%) 2 (2%) 

p=0.653 Absence 34(97.15%) 64(98.44%) 98 (98%) 

Total 35 (100%) 65 (100%) 100(100%) 

History of 

surgery 

Presence 21 (60%) 37(56.92%) 58 (58%) 

p=0.504 Absence 14 (40%) 28(43.08%) 42 (42%) 

Total 35 (100%) 65 (100%) 100(100%) 

History of multiple sexual 
partners 

Presence 30(85.71%) 57(87.69%) 87 (87%) 

p=0.738 Absence 5(14.29%) 8(12.31%) 13 (13%) 

Total 35 (100%) 65 (100%) 100(100%) 

History of 
Tattooing 

Presence 4 (11.42%) 7 (10.76%) 11 (11%) 

p=0.920 Absence 31(88.58%) 58(89.24%) 89 (89%) 

Total 35 (100%) 65 (100%) 100(100%) 

Hemodialysis duration 

< 1 y 6(17.14%) 29(82.86%) 35 (35%) 

p=0.02 
1-2 y 8 (36.36%) 14(63.64%) 22 (22%) 

2-4 y 9 (60%) 6 (40%) 15 (15%) 

> 5 y 12 (42.85%) 16 (57.15%) 28 (28%) 

No. of blood transfusions 

0-2 time 21(32.3%) 44 (67.7%) 65 (65%) 

p=0.71 2-4 time 10 (41.66%) 14(58.34%) 24 (24%) 

> 5 time 4 (36.36%) 7 (63.64%) 11 (11%) 

*Using Chi-square test. 

**Using T-test at 0.05 level, S.D: Standard deviation 

Table 5. The similarity of the local GBV-C sequence with that of isolates from different countries 

No. Accession Country Similarity 

1 ID: AB013206.1 Bolivia 99% 

2 ID: AF095693.1 United Kingdom 98% 

3 ID: GQ227348.1 Brazil 98% 

4 ID: GQ380413.1 Canada 98% 

5 ID: Y18156.1 BELGIUM 97% 

6 ID: JX494215.1 Venezuela 97% 

7 ID: AY269959.1 France 97% 

8 ID: AF075218.1 China 97% 

9 ID: AF058742.1 Hong Kong 97% 

10 ID: AY196904.1 USA 97% 

11 ID: AF078055.1 Singapore 97% 

12 ID: AJ000584.1 GERMANY 97% 

13 ID: AF172512.1 South Africa 96% 

14 ID: AB033840.1 Yamagata 96% 

15 ID: AB022539.1 Japan 96% 

16 ID: JF832375.1 Colombia 96% 

17 ID: U86113.1 Sweden 96% 

18 ID: AF073743.1 Greece 96% 

19 ID: AF015876.1 Italy 96% 
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Table 6. Local GBV-C gene 5'UTR point mutation comparing with Bolivian isolate (AB013206.1). 

Similarity Nucleotide Location Type of substitution Local isolate No 

99% 
C\T 160 Transition 

1-3 GB virus C IRAQ 1 
G\A 198 Transition 

99% 
A\G 144 Transition 

2-4 GB virus C IRAQ 2 
G\A 198 Transition 

99% 
A\G 144 Transition 

3-5 GB virus C IRAQ 3 
G\A 198 Transition 

98% 

C\A 72 Transvertion 

4-14 GB virus C IRAQ 4 
C\T 160 Transition 

T\A 184 Transvertion 

G\A 198 Transition 

98% 

A\G 144 Transition 

5-19 GB virus C IRAQ 5 
A\T 152 Transvertion 

T\A 184 Transvertion 

G\A 198 Transition 

99% 
C\T 49 Transition 

6-37 GB virus C IRAQ 6 
C\T 71 Transition 

98% 

A\G 144 Transition 

7-46 GB virus C IRAQ 7 
A\T 152 Transvertion 

T\A 184 Transvertion 

G\A 198 Transition 

98% 

C\T 49 Transition 

8-60 GB virus C IRAQ 8 
C\A 61 Transvertion 

C\T 164 Transition 

G\A 198 Transition 

99% 

G\C 45 Transvertion 

9-62 GB virus C IRAQ 9 C\T 160 Transition 

G\A 198 Transition 

99% 

C\T 160 Transition 

10-76 GB virus C IRAQ 10 T\A 184 Transvertion 

G\A 198 Transition 

Figure 2. Phylogenetic trees for 5’UTR of 10 local isolates of GBV-C constructed by the neighbor joining method.
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 Figure 3. Phylogenetic trees for 5’UTR of 10 local isolates of GBV-C and 19 reference isolates constructed by the neighbor joining 
method. Local isolates were flagged with pink colored triangle. The scale bar under the tree indicates 0.5 nucleotide substitutions per site.

4. Discussion 

In the current study, GBV-C was found in 35 (35%) of 
hemodialysis patients, 17 (35.4%) of whom were HCV 
positive and 18 (34.6%) were HCV negative, Table (2). 
This prevalence is within the range reported in other 
countries including Indonesia (55%) (Handajani et al., 
2000), Germany (50%) (Sanchooli et al., 2018), Turkey 
(25%) (Akcali et al., 2006), Italy (24%) (De Filippi et al., 
2001), Iran (10%) (Sanchooli et al., 2018), and Pakistan 
(3.6%) (Qureshi et al., 2020). Variable rates of blood 
transfusion, surgical procedure and adherence to universal 
precautions may explain these disparities in GBV-C 
prevalence. The variation in GBV-C prevalence around the 
world could be attributed to variation in amplified target 
region and primers used (Sanchooli et al. 2018). In Iraq, 
the rate of GBV-C infection among healthy people was 
0%, hemodialysis was 20.3%, and thalassemia was 14.8% 
(Hasan et al., 2018). Another study found that HGV 
infection was detected in 25% of blood donors, 30% of 
chronic hepatitis C and 25% of chronic hepatitis B (Al-
Obeidy et al., 2010).  

According to Table (3), there was no significant 
association between the levels of ALT and AST in 

hemodialysis patients with or without GBV-C infection, 
indicating that GBV-C infection did not cause more 
serious liver damage in those patients and that GBV-C did 
not appear to influence liver enzyme levels. Salama and 
Selim (2009), on the other hand, showed a significant 
difference in ALT and AST values between GBV-C 
positive and negative patients. There have been many 
debates about the pathogenicity of GBV-C since it was 
identified; several studies have shown that GBV-C can 
cause acute, chronic and even fulminant hepatitis (Zhu et 
al. 2003). Paradoxically, GBV-C infection has been shown 
to have little significance in causing liver damage in 
humans (Zhu et al. 2003; Alhetheel and El-Hazmi 2014; 
Nasidi and Rogo 2017). The current findings support the 
findings of Alhetheel and El-Hazmi (2014), who stated 
that there were no significant differences in liver enzyme 
(ALT and AST) levels among HBV or HCV infected 
patients who were also infected with GBV-C. 

This study found no statistically significant difference 
in diabetes mellitus (DM), hypertension, history of blood 
transfusion, history of kidney transplantation, history of 
surgery, history of multiple sexual partners, history of 
tattooing, or number of blood transfusions between GBV-
C positive and negative individuals (p>0.05). 
Hemodialysis duration is significantly (p<0.05) longer in 
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GBV-C positive individuals (Table 4). In the current study, 
40% of GBV-C positive patients had DM and 74.29% had 
hypertension; however, there was no significant 
association between infection of GBV-C and DM or 
hypertension. Other studies reported a lower percentage 
(13.1-15%) of DM and (21.3%) hypertension (Izumi et al., 
2019; Savassi-Ribas et al., 2020). This disparity could be 
attributed to differences in the study population, their 
underlying medical condition, age, and sample size. In 
addition, there was no significant association between 
GBV-C infection and a history of blood transfusion, 
despite the fact that 85.71% of hemodialysis patients who 
were GBV-C positive had a history of blood transfusion, 
and 73.96% had blood transfusions frequently. This is 
consistent with the findings of Ibrahim and Hamdani 
(2015), who found no significant differences in the 
prevalence of GBV-C RNA among age groups, sex, or 
frequency of blood transfusion. Also, Salama and Selim 
(2009) reported that there was no significant association 
between blood transfusion or products of blood, with or 
without GBV-C infection.  

Kheirabad et al. (2016) demonstrated a significant 
association between the prevalence of viruses, such as 
HCV and HIV in HD patients and GBV-C. Recently, the 
following strategies have emerged to reduce the risk of 
infections following blood transfusion: (1) careful donor 
selection, (2) regular screening of blood donors for HBV, 
HCV, HIV, human T-cell viruses, and cytomegalovirus (in 
high-incidence areas), and (3) virus removal and 
inactivation, particularly double inactivation of blood 
products and plasma derivatives, excluding complete 
blood or RBC components (Ghanbari et al., 2010; 
Kelishadi et al., 2019). The history of kidney 
transplantation and history of surgery also had no 
significant differences in prevalence of GBV-C, which is 
in agreement with Rinonce et al. (2017).  In contrast, Vogt 
et al. (2006) reported that there was a higher correlation 
between the infection of GBV-C and the number of 
operating surgery and blood transfusion. In addition, there 
was no significant association between GBV-C infection 
and the history of multiple sexual partners and tattooing, 
which is in consistence with that reported by Rinonce et al. 
(2017). But the high incidence of GBV-C-RNA in 
intravenous drug users and their heterosexual partners 
supports that sexual contact may help virus spread in some 
groups, in addition, the presence of identical sequences in 
both husband and wife, suggesting that one person was the 
source of the transmission, however, it is unknown if the 
transmission occurred sexually or through other 
unidentified means (Mphahlele et al., 1998). 

Many studies have reported that the duration of 
hemodialysis was a risk factor for GBV-C infection 
supporting patient-to-patient transmission (Hasan et al., 
2018; Sanchooli et al., 2018), which is consistent with the 
current study finding. This could be attributed to 
nosocomial infections as a result of hemodialysis units 
failure to adhere to strict infection control procedures. 
Although the frequency of GBV-C was only 35%, the 
current study may have underestimated the true prevalence 
of GBV-C because E2 antibodies were not used to assess 
the history of GBV-C infection, and only active GBV-C 
infection was measured based on viral RNA amplification 
(Rinonce et al., 2017). Other studies found no significant 
difference between the long hemodialysis duration and 

infection with GBV-C (Hosseini-Moghaddam et al., 2008; 
Rinonce et al., 2017). 

Alignment of local isolates 5'-UTR sequences 
demonstrated that these sequences were sharing (96-99%) 
similarity with GBV-C reference sequences from Bolivia, 
United Kingdom, Brazil, Canada, Belgium, Venezuela, 
France, China, Hong Kong, USA, Singapore, Germany, 
South Africa, Yamagata, Japan, Colombia, Sweden, 
Greece and Italy, as shown in (Table 5). However, the 
results show that all local isolates are very similar, at least 
using the 5’-UTR, to the Bolivian reference isolate 
sequence (GenBank accession number AB013206.1), 
although some substitution mutations (transition and/or 
transversion) were seen (Table 6). A significant amount of 
research on this virus revealed some genomic diversity, 
particularly when the 5'-UTR region of the gene which 
was employed for phylogenetic analysis (Ibrahim and 
Hamdani 2015; Slavov et al., 2019). RNA viruses are 
known to develop a variety of subtypes (quasi-species) 
providing advantage for viruses to evade host defense 
mechanisms. Indeed, the variability of 5′-UTR areas in 
GBV-C greatly contributes to genotype diversity in this 
virus (Vitrenko et al., 2017). 

There is little variation, at least in the 5’-UTR, amongst 
local isolates themselves. The ten local strains clustered 
together in the phylogenetic tree with (99%) similarity. 
The high similarity between the ten GBV-C local isolates 
sequences in the current study (Figure 2) might be due to 
the nature of the 5’-UTR selected for amplification and 
sequencing; this is a highly conserved region with few 
genomic variations (Chivero and Stapleton, 2015). In 
addition, the amplified fragment was relatively short (208 
bp), which puts a limitation on phylogenetic information 
that help distinguish the amplified sequences. The 
epidemiological profile of studied group (hemodialysis 
patients) may also have influenced this high similarity 
between the sequences. The 5'-UTR region of GBV-C was 
chosen because it is well conserved among isolates and 
easy to amplify (Da Mota et al., 2019; Rinonce et al., 
2017).  

All ten GBV-C local isolates in the current study were 
related to genotype (2), and all our isolates clustered with 
the Bolivian isolate (AB013206.1), United Kingdom 
isolate (AF095693.1) and Belgian isolate (Y18156.1) with 
99%, 98%, 97%, respectively, as shown in (Figure 3). 
GBV-C isolates belonged to genotype 2, which is common 
in North America/Europe. This genotypic profile is similar 
to that reported in other previous studies in blood donors 
from Kuwait, Jordan and Emirati (AbuOdeh et al., 2015), 
and in Iraqi thalassemia patients (Ibrahim and Hamdani, 
2015), which also clustered with genotype 2. As a result, it 
appears that many regions in the Middle East have a 
similar genetic pattern of GBV-C to North America and 
Europe, which might be due to reciprocal immigration and 
traveling between these countries. Therefore, the 
predominance of genotype 2 in the current study could 
suggest patient-to-patient transmission owing to the 
predominance of this genotype in the general population. 
Interestingly, two pairs were completely identical (100%), 
particularly in the 5'-UTR sequences (2-4 GB virus C 
IRAQ and 3-5 GB virus C IRAQ) and  (5-19 GB virus C 
IRAQ and 7-46 GB virus C IRAQ) among local isolates, 
as shown in figure 2, which could be due to nosocomial 
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transmission among patients in hemodialysis unit as 
reported by Rinonce et al., (2017). 

In conclusion, GBV-C did not seem to contribute to 
increases in the level of liver enzyme or the severity of 
HCV infection in hemodialysis patients. Based on 
phylogenetic analysis of the 5’-UTR, the current study 
found that local isolates were closely similar to each other 
and  to similar reference known strains, suggesting that 
GBV-C infection of genotype 2 is one of the prevalent 
genotypes in Iraq. The limitation of current study is that 
only 10 PCR products of positive samples were sequenced; 
however, it is considered as a preliminary study on GBV-C 
genotyping that could pave the way for further studies with 
larger samples size from different regions of Iraq to shed 
light on the actual GBV-C prevalence of different 
genotypes in our country. 
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Abstract 

In this study, different parameters including phytochemical, nutritional, anti-nutritional compositions, and endophytic 
microbial populations that can play roles in the health benefits of tiger nut (Cyperus esculentus L.) tubers were determined in 
tiger nut tuber samples obtained from three different local markets situated in Osogbo, Ile-Ife, and Ado-Ekiti in the 
Southwestern part of Nigeria. Tannins (127.33-620.1 GAE/100 g), alkaloids (0.5-18%), flavonoids (4.5-9.5%), terpenoid, 
and cardiac glycoside were present in all the samples. The most and least abundant elements in the tiger nuts were Potassium 
(0.255-0.345%) and Copper (0.0007-0.0009%), respectively. The anti-nutrients found in the tiger nut tubers were oxalate 
(0.42-1.08 mg/100 g), tannin (0.42-0.98 mg/100 g), and phytic acid (0.56-1.64%). By molecular techniques, Lactococcus 
lactis, Bacillus cereus, Enterobacter cloacae, Bacillus licheniformis, Bacillus aryabhattai, and Enterobacter roggenkampii 
were identified as the endophytic bacteria in the tiger nut tubers, while the endophytic fungi isolated were Saccharomyces 
cerevisiae and Candida tropicalis. The presence of reportedly pharmacologically active phytochemicals, essential elements, 
endophytic bacterial and fungal strains with probiotic potentials, and negligible amounts of anti-nutrients in the study tiger 
nut samples supports the nutritional and health benefits of tiger nut tubers.  
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1. Introduction  

Tiger nut (Cyperus esculentus L) is a sedge plant 
belonging to the same genus as the papyrus plant (Cyperus 
papyrus L.) of the family “Cyperaceae”. Tiger nut tuber 
(Plate 1), also known as “Aya”, “Imumu”, and “Aki-
hausa” among the Hausa, Yoruba, and Igbo tribes 
respectively in Nigeria, is either eaten raw or processed 
into different products such as milk, flour, bread, and 
beverages (Oladele and Aina, 2007; Aguilar et al., 2015). 
The consumption of tiger nut or its derived products are 
associated with health benefits, and reports have shown 
that tiger nut has medicinal and nutritional properties 
(Sabah et al., 2019; Bazine and Arslanoğlu, 2020). It is 
useful medically for the prevention and management of 
diseases such as thrombosis, heart cancer, erectile 
dysfunction, obesity, diabetes, and high blood pressure 
(Adejuyitan, 2011).  

For centuries, humans have used plants for several 
medicinal purposes. The nutritional content, 
phytochemical composition, presence of beneficial and 
pharmacologically relevant endophytes in plants contribute 
to their medicinal and nutritional characteristics. 
Phytochemicals, for instance, contribute to plant potentials 
to promote good health and cure diseases (Barbieri et al., 
2017). Furthermore, plants also contain anti-nutritional 

compounds that can adversely affect humans by interfering 
with metabolic processes such as nutrient absorption 
(Kunatsa et al., 2020). Hence, knowledge of anti-nutrients 
in a plant or its product can provide information on its 
nutritional significance.  

Similar to phytochemicals, endophytic microbes defend 
plants against pathogens and aid their growth (Nayak et 
al., 2017; Bind and Nema, 2019; Yasser et al., 2020). 
When consuming plant materials including, fruits and 
leaves, animals also ingest endophytes. According to 
Martínez-Romero et al. (2020), microbes associated with 
plants form part of herbivores’ gut microbiota. 

 Endophytes aid the degradation of complex plant 
materials such as cellulose, and antimetabolites in animals. 
Furthermore, endophytic Lactobacillus plantarum has 
probiotic potential to protect humans against bacterial and 
viral infections (Martínez-Romero et al., 2020). 

With limited information on endophytic microbes 
associated with tiger nut tuber, this study examined tiger 
nut tubers purchased from three local markets in the 
South-Western part of Nigeria for the endophytic bacterial 
and fungal composition alongside parameters including 
phytochemicals, nutritional elements, anti-nutrients that 
can play roles in the health benefits.  
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Plate 1. A picture of the tiger nut tubers (Cyperus esculentus L.)  

2. Materials and methods 

2.1. Sample collection 

Fresh tiger nut tubers were purchased from three 
different local markets Ile-Ife (7.52 oN and 4.28 oE), 
Osogbo (7.77 oN and 4.57 oE), and Ado-Ekiti (7.62 oN and 
5.22 oE) in the Southwestern part of Nigeria. The tiger nuts 
were then transported to the laboratory for processing and 
analysis. Before analysis, a taxonomist at the Forest 
Herbarium Ibadan (FHI), Forestry Research Institute of 
Nigeria, Ibadan, Nigeria, identified and confirmed the tiger 
nut tubers. 

2.2. Phytochemical, Elemental, and Anti-nutritional 
analysis 

The tiger nuts were qualitatively and quantitatively 
analyzed for the presence of terpenoids, saponins, 
alkaloids, steroids, flavonoids, cardiac glycosides, and 
tannins according to the method described by Harbone 
(1984). The mineral contents were analyzed using 
colorimetric or spectrophotometric, or titrimetric methods 
where applicable (AOAC, 2005). The tiger nut samples 
were analyzed to determine the content of sodium (Na), 
potassium (K), calcium (Ca), iron (Fe), magnesium (Mg), 
zinc (Zn), manganese (Mn), copper (Cu), phosphorus (P), 
total nitrogen (T.N), and organic matter (O.M). The atomic 
absorption spectrophotometer was used to evaluate the 
anti-nutritional compounds, tannin, and oxalate contents of 
the tiger nut samples in triplicate, according to the standard 
methods of AOAC, (2005). The phytate contents were 
estimated using the solvent extraction gravimetric method 
(Onwuka, 2005). 

2.3. Isolation of Endophytic bacteria and fungi 

The tiger nut tubers were carefully inspected visually to 
select ones without superficial damages. The surfaces of 
selected tiger nuts (100 g) were sterilized, following the 
process described by Afzal et al. (2019), with slight 
modifications. Briefly, tiger nuts were washed thoroughly 
three times with sterile distilled water and then soaked in 
5% sodium hypochlorite (NaOCl) for 5 minutes. The tiger 
nuts were later washed twice in sterile distilled water to 

remove the sterilizing agent (NaOCl) and thrice in 96% 
ethanol to ensure the total removal of epiphytic microbes 
on the surface of the tiger nuts. This was then followed by 
rinsing the tiger nuts in sterile distilled water eight times, 
and the last rinse water was cultured on nutrient and potato 
dextrose agar to confirm the removal of the epiphytic 
microorganisms. The processed tiger nuts were grinded 
with sterile mortar and pestle, and the resulting milky 
extract was serially diluted in sterile phosphate buffer and 
inoculated on sterile nutrient and potato dextrose agar plate 
to isolate the endophytic bacteria and fungi, respectively. 
The plates were incubated at 30 oC for 24-72 h and 5 days 
for bacterial and fungal isolation, respectively. 

2.4. Molecular Identification of Endophytic bacteria and 
fungi 

DNA was extracted from isolated endophytic bacteria 
using the NIMR Biotech (Lagos, Nigeria) DNA 
Purification Kit according to the manufacturer’s 
instruction, while fungal DNA was extracted using the 
“Bust n' Grab” method described by Harju et al. (2004). 
Molecular identification of endophytic bacterial isolates 
were based on the Polymerase Chain Reaction (PCR) 
amplification of the 16S rRNA gene fragment using 
universal primers; 27F: 5′-
AGAGTTTGATCCTGGCTCAG-3′ and 1492R:5′-
GGTTACCTTGTTACGACTT-3′ (Chen et al., 2015) that 
amplified 1500 bp of the gene fragment. The rDNA 
internal transcribed spacer (ITS) region of the fungal 
isolates was amplified using primers sets (ITS1, 5′-
TCCGTAGGTGAACCTGCGG-3′) and (ITS4, 5′-
TCCTCCGCTTATTGATATGC-3′) that amplified the 600 
bp of the ITS region. The PCR amplified products were 
sequenced by Inqaba Biotech West Africa Ltd (IITA, 
Ibadan, Nigeria), and the nucleotide sequences obtained 
were edited using FinchTV software. The edited sequences 
were subjected to similarity search against nucleotides in 
the NCBI database using BLASTn program for bacterial 
and fungal identification. Phylogenetic tree showing the 
relationship between isolated endophytes and sequences 
retrieved from the GenBank was inferred using the 
Maximum Likelihood method of the MEGA7 software 
(Kumar et al., 2016) based on the Tamura-Nei model 
(Tamura and Nei, 1993) with 1000 pseudoreplicates to 
obtain the bootstrap values.   

3. Results 

3.1. Phytochemical, Elemental, and Anti-nutritional 
analysis 

The result of the qualitative analysis of the 
phytochemicals in the tiger nut samples is presented in 
Table 1. Saponins, steroids, and phenols were absent in all 
the samples. Meanwhile, anthraquinone was found only in 
samples purchased from Ado-Ekiti. The quantity of tannin 
in the tiger nut samples ranged between 127.33 and 620.1 
(Table 2), with tiger nut samples from Ado-Ekiti having 
the lowest amount (127.3 GAE/100 g). The highest 
quantity of flavonoids was found in the tiger nut tubers 
from Osogbo (9.5%), followed by Ado-Ekiti (4.5%) and 
Ile-Ife (5%). The alkaloid contents in the tiger nut samples 
from Ile-Ife, Ado-Ekiti, and Osogbo were 18%, 4%, and 
0.5%, respectively. The mineral composition of the tiger 
nut samples is presented in Table 3. While slight variations 
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were observed in percentage of minerals; Na (0.021-
0.020%), Ca (0.030-0.040%), Mg (0.101-0.112%), K 
(0.255-0.345%), Mn (0.001-0.0001%), Cu (0.0007-
0.0009%), Fe (0.0045-0.0048%), Zn (0.0024-0.0025%), 
and P (0.108-0.166%) in the tiger nuts purchased from the 
different markets, the organic matter and total nitrogen 
content were low in tiger nut samples from Ile-Ife (69.48% 
and 3.47%, respectively) compared to tiger nuts from Ado-
Ekiti (84.65% and 4.23%, respectively) and Osogbo 
(85.99% and 4.30%, respectively). The amount of oxalate, 
which is one of the anti-nutrients tested in the tiger nut 
sample, ranged from 1.02 to 0.42 mg/100 g, with tiger nuts 
from Osogbo having the highest amount followed by 
samples from Ile-Ife (0.88 mg/100 g) and Ado-Ekiti (Table 
4). The phytic acid (1.64%) and tannin (0.98 mg/100 g) 
compositions were highest in Osogbo tiger nut samples. 
The amounts of phytic acid and tannin in the tiger nut 
samples purchased from the Ile-Ife market were 1.45% and 
0.42 mg/100 g, respectively. Meanwhile, tiger nuts from 
Ado-Ekiti had 0.56% and 0.44 mg/100 g of phytic acid and 
tannin, respectively. 

Table 1: Qualitative analysis of phytochemical compounds in 
tiger nut samples obtained from the three different markets. 

Phytochemical Method of 
analysis 

Sample 
A (Ile-
Ife) 

Sample 
B 
(Ado-
Ekiti) 

Sample 
C 
(Osogbo)

Alkaloid Dragenduff + + ++ 

 Mayer + + ++ 

 Wagner + + ++ 

Flavonoid Ethyl 
acetate/Ammonia  

+ + + 

Saponin Frothing - - - 

Tannin Ferric chloride + + + 

Anthraquinone Borntrager - + - 

Terpenoid Salkowski ++ + + 

Cardiac 
Glycoside 

Keller-Killiani + ++ + 

Steroid Liebermann-
Burchard 

- - - 

Phenol Lead acetate - - - 

Keys: ++: present in high concentration; +: present in trace 
amount; -: absent 

Table 2: Quantitative analysis of phytochemical compounds in 
tiger nut samples obtained from the three different markets 

Phytochemical Sample A 
(Ile-Ife) 

Sample B 
(Ado-Ekiti) 

Sample C 
(Osogbo) 

Tannin (GAE/100 
g) 

620.1 127.33 413.74 

Flavonoid (%) 5 4.5 9.5 

Alkaloid (%) 18 4 0.5 

Keys: GAE - Gallic Acid Equivalent 

Table 3: The mineral composition of tiger nut samples obtained 
from the three different markets 

Mineral (%) Sample A 
(Ile-Ife) 

Sample B 
(Ado-Ekiti) 

Sample C 
(Osogbo) 

Sodium (Na) 0.020 0.021 0.021 

Calcium (Ca) 0.030 0.040 0.030 

Magnesium 
(Mg) 

0.101 0.102 0.112 

Potassium (K) 0.345 0.255 0.285 

Manganese 
(Mn) 

0.001 0.001 0.0001 

Copper (Cu) 0.0007 0.0009 0.0008 

Iron (Fe) 0.0048 0.0048 0.0045 

Zinc (Zn) 0.0025 0.0024 0.0025 

Phosphorus 
(P) 

0.144 0.166 0.108 

Organic 
matter 

69.48 84.65 85.99 

Total Nitrogen 3.47 4.23 4.30 

Table 4: The anti-nutritional constituents of tiger nut samples 
obtained from the three different markets 

Phytochemical Sample A 
(Ile-Ife) 

Sample B 
(Ado-Ekiti) 

Sample C 
(Osogbo) 

Oxalate 
(mg/100g) 

0.88 0.42 1.02 

Phytic acid (%) 1.45 0.56 1.64 

Tannin (mg/100g) 0.42 0.44 0.98 

3.2. Molecular Identification of Endophytic bacteria and 
fungi 

A total of twenty-one endophytic bacteria were isolated 
from the tiger nut samples. However, six PCR amplicons 
were successfully sequenced, and based on the BLASTn 
search and molecular phylogenetic analysis (Figure 1), the 
sequences shared similarities with Lactococcus lactis, 
Bacillus cereus, Enterobacter cloacae, Bacillus 
licheniformis, Bacillus aryabhattai, and Enterobacter 
roggenkampii with percentage identity ranging from 90.90 
to 99.80% (Table 5). Two endophytic fungi successfully 
identified include Saccharomyces cerevisiae and Candida 
tropicalis (Figure 2). The bacterial 16S rRNA and fungal 
ITS sequences obtained in this study were submitted to the 
National Center for Biotechnology Information (NCBI) 
GenBank database under the accession numbers 
MZ452337-MZ452342 for bacterial isolates and 
MZ42353, MZ452354, and MZ452357 for fungal isolates 
(Table 5). 
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Table 5: The BLAST hit identification of endophytic bacteria and fungi isolated from tiger nut samples 

Isolate code BLAST hit Homologue Sequence (Accession number) Percentage 
Identity (%) 

E-value Accession number of 
deposited sequence 

TG1 Lactococcus lactis strain IMAU98440 (MW135286.1) 90.90 0.0 MZ452337 

TG2 Bacillus cereus strain Q21 (MH915663.1) 98.29 0.0 MZ452338 

TG3 Enterobacter cloacae strain BY56 (MN133903.1) 99 0.0 MZ452339 

TG4 Bacillus licheniformis strain QT445 (MT065669.1) 97.99 0.0 MZ452340 

TG5 Enterobacter roggenkampii strain CCI9 (LC529204.1) 99.19 0.0 MZ452341 

TG6 Bacillus aryabhattai strain 3595 (MT538470.1) 98.34 0.0 MZ452342 

TGY1 Saccharomyces cerevisiae strain XZFM7F3 
(MW710205.1) 

99.75 0.0 MZ452353 

TGY3 Saccharomyces cerevisiae strain XZFM7F3 
(MW710205.1) 

99.38 0.0 MZ452354 

TGY4 Candida tropicalis isolate ZA030 (JN606259.1) 99.80 0.0 MZ452357 

 Figure 1. Molecular Phylogenetic relationship of the isolated endophytic bacteria by Maximum Likelihood method. 
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Figure 2. Molecular Phylogenetic relationship of the isolated endophytic fungi by Maximum Likelihood method. 
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4. Discussion 

This study analyzed the properties such as 
phytochemical, elemental, anti-nutritional, and endophytic 
microbial constituents that can play roles in the beneficial 
importance of tiger nuts when consumed. The results 
obtained in this study revealed alkaloids, flavonoids, 
tannins, terpenoids, and cardiac glycosides as the 
phytochemical compounds present in the tiger nuts 
purchased from the three markets. Quantitatively, tiger 
nuts purchased from Ile-Ife had the highest quantities of 
tannin (620.1 GAE/100 g) and alkaloids (18%). 
Meanwhile, the tiger nuts bought in the Osogbo market 
had the highest amount of flavonoids (9.5%). The 
variations observed in the phytochemical components of 
the tiger nuts bought from the different locations could be 
because of some factors, which may include, the 
cultivation conditions, a difference in the period between 
harvest and purchase, period of exposure, and preservation 
methods (Asante et al., 2014; Bado et al., 2015). 
Phytochemicals reported in this study have different 
pharmacological properties, hence supporting the 
nutritional and medicinal values of tiger nut tubers. The 
phytochemicals have hepatoprotective, anti-sickling, 
aphrodisiac, antimicrobial, anti-inflammatory, and 
antioxidant properties (Da Silva et al., 2012; Rehman et 
al., 2015; Dermane et al., 2018; Yang et al., 2020). 
Furthermore, anthroquinone, a phytochemical compound 
known to have a laxative effect and relevant in the cure for 
constipation (Lombardi et al., 2020), was identified, in 
tiger nut samples purchased from the Ado-Ekiti market. 
Similar to the report of Aduwamai et al., (2018), saponin 
was not detected in any of the tiger nut tubers analyzed in 
this study. 

The result of the mineral composition showed that the 
study tiger nuts were rich in organic matter. The 
abundance of elements in the tiger nut samples was in the 
following order: K > P > Mg > Ca > Na > Fe > Zn > Mn > 
Cu. The high amount of potassium (0.255-0.345%) and 
magnesium (0.101-0.112%) to sodium (0.020-0.021%) in 
tiger nut makes it suitable as a diet formulation for 
individuals with high blood pressure. Phosphorus, a 
component of Adenosine triphosphate (ATP) which is an 
energy rich molecule in the body, was the second most 
abundant element in the tiger nut samples. The least 
abundant elements in the tiger nut samples were iron 
(0.0045-0.0048%), zinc (0.0024-0.0025%), and copper 
(0.0007-0.0009%). Zinc plays a vital role in alleviating 
neurodegenerative disorder-related problems in the elderly 
(Prasad, 2014). Hence, tiger nut consumption can be a 
source of zinc to improve the health conditions of the 
elderly. Tiger nut can also be a good food supplement to 
prevent anemic conditions because it contains iron, a 
component of hemoglobin. Furthermore, Fe, Cu, Zn, and 
Ca present in the tiger nut samples have been reported as 
essential elements in male fertility and sexual function 
(Shinohara and Watanabe, 1996). 

Anti-nutrients are substances that prevent the efficient 
utilization of food nutrients by the body. They are 
sometimes toxic, and their effects may result from their 
metabolic products (Okoye and Ene, 2018). Phytic acid, 
oxalate, and tannin were the anti-nutrients identified in the 
tiger nut samples. High amounts of oxalate, phytic acid, 

and tannin in food samples can reduce calcium absorption 
(Bello et al., 2008), cause mineral deficiencies (Phillippy 
et al., 2004), and have interaction that is detrimental to 
humans with dietary protein (Cirkovic Velickovic and 
Stanic-Vucinic, 2018), respectively. The amount of tannins 
(0.42-0.98 mg/100 g) observed in this study is tolerable 
and may not cause any adverse effects considering the 
recommended amount of tannins daily intake for a man, 
which is 560 mg/100 g (Bello et al., 2008). Overall, the 
low amount of anti-nutrients observed for the tiger nuts in 
this study supported its usage as a medicinal, beneficial, 
and functional food that can improve the health status of 
consumers. 

This study, to our knowledge, is the first report on the 
endophytic bacteria associated with tiger nut tuber. The 
endophytic bacteria isolated include the genera 
Lactococcus, Bacillus, and Enterobacter, which have been 
reported as endophytes of several plants (McCulloch et al., 
2014; Hu et al., 2017; Yaish, 2017; Guo et al., 2020; 
Panigrahi et al., 2020). Lactococcus lactis belongs to the 
group of lactic acid bacteria with the status of “generally 
regarded as safe” (GRAS) and probiotic potential (Oliveira 
et al., 2017). Bacillus species promote plant growth by 
producing auxins, siderophores, gibberellin, and indole 
acetic acid that protect plants against phytopathogens and 
adverse conditions, such as drought (Suhandono et al., 
2016). Macedo-Raygoza et al. (2019) also reported the 
nitrogen-fixation and phosphorus solubilization potentials 
of Enterobacter cloacae. There are reports on the 
probiotics potentials of genera Bacillus, strains of L. lactis, 
and E. cloacae  in human, aquatic, and poultry nutrition 
(Gao et al., 2018; Girijakumari et al., 2018; Yerlikaya, 
2019; Zhao et al., 2019), hence suggesting the application 
of tiger nut as a probiotic functional food in these different 
areas.  

The two species of endophytic fungi isolated in this 
study (S. cerevisiae and C. tropicalis) have been reported 
to be implicated in the spoilage of exposed tiger nut milk 
(Onovo and Ogaraku, 2007). Similar to B. cereus, C. 
tropicalis is a potential pathogen of humans. However, 
studies have reported S. cerevisiae and B. cereus as 
important endophytic microorganisms (Pennacchi et al., 
2008; Cutting, 2011). Further work is to examine the 
biological activities of the endophytic bacteria and fungi 
isolated from the tiger nut tubers for possible beneficial 
applications. 

5. Conclusion 

This study provided information on the different 
parameters that can play roles in the health benefits of tiger 
nut, perhaps as a functional food. This study has revealed 
that tiger nut tubers have important pharmacologically 
active phytochemicals, nutritional elements, negligible 
amount of anti-nutrients, and endophytic bacterial and 
fungal strains previously reported by several authors to 
have probiotic potentials.  
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Abstract 

Single-cell proteins have a potential source for partial replacement of protein and lipids in animal feed. Also, using 
microorganisms in fish feed enhanced feed efficiency, growth performance, and disease resistance. The purpose of this study 
is to see if combining several microorganisms (Azotobacter chroococcum, Chlamydomonas reinhardtii, and baker's yeast) 
with sugarcane by-products may produce a low-cost fish feed formulation. A total of twelve treatments were completed 
(consisting of various microbial biomass combined with sugarcane by-products, and integrated with commercial fish feed in 
different levels, 0, 25, 50, 75, and 100 % w.w-1). Nile tilapia (Oreochromis niloticus) were evaluated for growth 
performance, proximate composition, and histopathological examination. Results showed that using low amounts of the 
experimented formulations (25% and not more than 50% w.w-1) increased fish productivity (weight gain and specific growth 
rate) and proximate compositions of fish without putting fish at risk. On the other hand, using higher levels from the 
combined diet (75, 100%) caused fish mortality. Although all the fish experimental treatments showed normal histological 
structure, the mortality of fish may be due to a lack of nutrients. In conclusion, this study is important for both the 
environment and the economy. More research is needed to extend the safe application of this study in aquaculture through 
the evaluation of fish in the field and for prolonged viability. 

Keywords: Fish fodder, Sugarcane by-products, Oreochromis niloticus, Azotobacter chroococcum, Chlamydomonas reinhardtii, and 
baker's yeast. 

1. Introduction 

Aquaculture has become an important economic 
activity, particularly in developing countries (such as 
Egypt), to manage the shortage of protein food supplies 
(Gutierrez-Wing and Malone, 2006). Many factors limit 
aquaculture's expansion, including rising artificial feed 
prices due to the use of artificial substrates (organic and 
inorganic) and expensive protein sources (Delgado et al., 
2003). Therefore, many researchers have used alternative 
and complementary ingredients in feed formulations to 
reduce feed costs such as mango residue meal (Lima et al., 
2011), cassava sweep (Boscolo et al., 2002), Pizzeria by-
product (De Sousa et al., 2019), and fenugreek seeds to 
improve the growth and immunity parameters in the O. 
niloticus (Abbas et al., 2019). 

In a world where sugarcane industries remain one of 
the most popular agricultural industries, reusing sugarcane 
industrial by-products in aquaculture is critical. In Egypt, 
Egyptian sugar and integrated industries are considered the 
oldest and widespread industries. Actually, there are eight 
sugar factories distributed throughout the country from 
north to south, such as Abu Kerkas at Minya governorate, 
Gerga at Sohag governorate, Naga Hammadi, Deshna, 
Kous and Arment at Qena governorate, Edfu and Kom 

Ombo at Aswan governorate. The main product of these 
companies is sugar, and there are other related products 
such as ethanol, vinegar, glacial acetic acid, fodder yeast, 
solvents, animal feed, paper, and wood. In Egypt, Sugar 
factories operate intensively around six months from 
December to June in juicing, refining and sugar 
crystallization. During the other six months, the plants 
convert bagasse into wooden boards. The main by-
products are bagasse, press mud (filter mud or clay 
industry), molasses, fly ash (produced during the burning 
of bagasse and causing air pollution), and wastewater 
effluent (discharged through the drainage pipe into a 
channel that finally reaches the Nile). Estimated amounts 
of by-products from sugarcane are 31% bagasse, 3.5% 
pressed clay (mud) and 4.5% molasses. According to 
Egyptian cultivated sugarcane, there are three million tons 
of bagasse, 316 thousand tons of filter mud and 370 
thousand tons of molasses are generated annually (Nakhla 
and El Haggar, 2014). In fact, these by-products are used 
for different purposes; molasses is used in fermentation 
processes to produce fodder yeast, carbon dioxide, alcohol, 
vinegar, perfumes and medical solutions (Ryoheiet al., 
2003; Fadel et al., 2013). In addition molasses, press mud 
and bagasse are used as a fertilizer in agriculture (Bento et 
al., 2019) and aquaculture (Keshavanath and Shivanna, 
2006; Raul et al., 2020). 
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In addition, beneficial microorganisms serve a variety 
of roles in aquaculture productivity. They can be 
consumed directly or indirectly as food (Duncan and 
Moriarty, 1997), and they may help fish with their 
enzymatic digestion (Burford et al., 2008). Microbes may 
also break down organic materials and transform 
nitrogenous compounds into microbial protein (Mishra et 
al., 2008). Furthermore, some microorganisms can 
enhance the immune response of fish, such as Azotobacter 
chroococcum (Ali et al., 2011) and Saccharomyces 
cerevisiae (Tukmechi et al., 2011; Abdel-Tawwab et al., 
2020). 

This study looks into the possibilities of making low-
cost fish fodders by combining sugarcane industrial by-
products with microbes, and the possibility of substituting 
a portion of the commercial diet. Consequently, this study 
aims to reduce both the environmental and economic 
problems of sugarcane and aquaculture industries. 

2. Materials and Methods  

2.1. Collection and chemical analysis of the sugarcane 
industry by-products   

The Egyptian Sugar and Integrated Industries 
Company, Kom Ombo, Aswan, Egypt, provided the 
industrial waste, where all samples were obtained from 
inside the factory except wastewater effluent collected 
from the drainage tube. Pith was kept at room temperature, 
and industrial clay (press mud) was air-dried for 2-3 days 
before being packed and maintained at room temperature; 
molasses was kept in the refrigerator, and wastewater 
effluent was kept frozen. Chemical analyses for pith and 
press mud are presented in Table (1), where electrical 
conductivity (EC), pH, and total dissolved solids (TDS) 
were measured using CRISON multimeter (MM40+). 
Organic Carbon was determined using the method of 
Walkley-Black (Walkley, 1982). Nitrogen and ash content 
were determined according to the Association of Official 
Analytical Chemists, AOAC, (1995). Colorimetric 
methods were used to determine phosphorus (APHA, 
1998). Heavy metals were determined using atomic 
absorption spectrometry (Perkin-Elmer 3110, USA) 
(APHA, 1998). 

Table 1. Chemical composition of sugarcane solid wastes (pith 
and press mud) 

Parameters Pith  Press mud 

pH  5.52 5.63 

EC (dSm-1) 390 2910 

Total dissolved solids (mgl-1) 250 1867 

Moisture (%) 5.5 73.6 

Total solids (%) 94.5 26.4 

Ash (%) 6.4 4.9 

Organic carbon (%) 20.7 9.5 

Nitrogen (%) 3.3 4.2 

Phosphorus (%) 1.0 1.4 

Mn (ppm) 18.6 139.2 

Zn (ppm) 34.5 65.4 

Cu (ppm) 0.8 30.3 

Fe (ppm) 460.5 627.3 

2.2. Tested microorganisms 

Three microorganisms were used: Azotobacter 
chroococcum isolated from the beach of Lake Nasser, 
microalgae Chlamydomonas reinhardtii isolated from soil 
sample collected from industrial zones of 6th October City 
and Baker's yeast obtained from an Egyptian market an 
accessible source of Saccharomyces cervaicae.  

2.3. Fish experimental diets (preparation, composition 
and treatments) 

Experimental diets (treatments) consisted of microbial 
biomass integrated with sugarcane by-products and mixed 
with commercial diet. Table (2) shows the experimental 
diets. The highest microbial biomass was obtained using 
batch culture technique. And culture media were prepared 
using sugarcane industrial wastewater effluent amendment 
with molasses and/or press mud as described in Ali et al. 
(2022). Briefly, C. reinhardtii was grown in the sugarcane 
wastewater effluent amendment with 1% molasses and 
0.5% clay factor, C. reinhardtii batch culture were 
incubated at room temperature (30-32ºC) under continuous 
fluorescent light for 96 hours. A. chroococcum was grown 
in sugarcane wastewater effluent amendment with 1% 
molasses, 1% press mud and 0.5gl-1 CaCO3, A. 
chroococcum batch culture were incubated in a rotary 
shaker of 100 rpm at 35 ± 2°C for 72 hours. Baker's yeast 
was grown in sugarcane wastewater effluent amendment 
with 5% molasses, baker's yeast batch culture were 
incubated in a rotary shaker of 100 rpm at 32 ± 2°C for 48 
hours (Fig. 1A). After that, microbial biomass was mixed 
with sugarcane solid wastes (equal proportion of pith and 
dehydrated press mud was mixed well (Fig. 1B)); 
microbial cultures were added as 5 ml to each gram of the 
mixed sugarcane solid wastes, and mixed well (Fig.1C), to 
produce three basic mixtures. Mixture (1): containing only 
A. chroococcum integrated with sugarcane by-products 
(Azotobacter-integrated); mixture (2): containing 
microbial mix (A. chroococcum, C. reinhardtii and baker's 
yeast) integrated with sugarcane by-products (microbial 
mix integrated), and mixture (3): containing only 
sugarcane byproducts (only sugarcane byproducts). 
Microorganisms are estimated at about 107Azotobacter 
cells/g, 0.003 mg algal mass/g and 0.005 mg yeast mass/g. 
Then, each of the three previous mixtures was dried at 
room temperature (30-35°C) for 48 hours. Following that, 
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each of the three dried previous mixtures was combined 
with a commercial diet in different percentage (0, 25, 50, 
75 and 100 % w.w-1) as shown in Table (2). Proximate 

composition of the different experimental treatments is 
shown in Table (3). 

Table 2. Treatment description for experimental diets. 

Treatments Treatment description 

Control  100% commercial diet 

Diets containing A.chroococcum integrated with sugarcane by-products (Azotobacter-integrated) 

25 % Azotobacter-integrated Diet containing 25 % Azotobacter-integrated and 75% commercial diet. 

50 % Azotobacter-integrated Diet containing 50 % Azotobacter-integrated and 50 % commercial diet. 

75 % Azotobacter-integrated Diet containing 75 % Azotobacter-integrated and 25% commercial diet. 

100 % Azotobacter-integrated Diet containing 100 % Azotobacter-integrated. 

Diets containing microbial mix integrated with sugarcane by-products (microbial mix-integrated) 

25 % microbial mix-integrated Diet containing 25 % microbial mix-integrated and 75% commercial diet. 

50 % microbial mix-integrated Diet containing 50 % microbial mix-integrated and 50% commercial diet. 

75 % microbial mix-integrated Diet containing 75 % microbial mix-integrated and 25% commercial diet. 

100 % microbial mix-integrated Diet containing 100 % microbial mix-integrated 

Diets containing only sugarcane byproducts (only sugarcane byproducts) 

25 % only sugarcane by-products Diet containing 25 % only sugarcane by-products and 75% commercial diet. 

50 % only sugarcane by-products Diet containing 50 % only sugarcane by-products and 50% commercial diet. 

75 % only sugarcane by-products Diet containing 75 % only sugarcane by-products and 25% commercial diet. 

100 % only sugarcane by-products Diet containing 100 % only sugarcane by-products. 

 

Table 3. Proximate composition for different experimental treatments  

Treatments CP% EE% Ash % 

Control 24.85 11.95 7.97 

25 % Azotobacter-integrated 21.42 10.90 11.74 

50 % Azotobacter-integrated 17.99 9.85 15.50 

75 % Azotobacter-integrated 14.56 8.80 19.27 

100 % Azotobacter-integrated 11.13 7.75 23.03 

25 % microbial mix-integrated 21.55 10.81 11.64 

50 % microbial mix-integrated 18.25 9.67 15.31 

75 % microbial mix-integrated 14.95 8.52 18.97 

100 % microbial mix-integrated 11.65 7.38 22.64 

25 % only sugarcane by-products 21.26 10.70 11.20 

50 % only sugarcane by-products 17.66 9.46 14.43 

75 % only sugarcane by-products 14.07 8.21 17.65 

100 % only sugarcane by-products 10.47 6.96 20.88 

CP%, crude protein % and EE%, ether extract % 
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Figure 1.Preparation of experimental diets; (A) microbial biomass 
production (Chlamydomonas reinhardtii (Ch), Azotobacter 
chroococcum (Azt) and yeast) was obtained by using batch culture 
technique and sugarcane industrial wastewater effluent 
amendment with molasses and/or press mud, (B) equal ratio of 
pith and dehydrated press mud was mixed well, (C) microbial 
cultures were added as 5 ml to each gram of the mixed sugarcane 
solid wastes and mixed well. Three basic mixtures were produced; 
(D) diets containing A. chroococcum integrated with sugarcane 
by-products (Azotobacter-integrated), (E) diets containing 
microbial mix (Ch, Azt and yeast) integrated with sugarcane by-
products (microbial mix-integrated) and diets containing only 
sugarcane byproducts (only sugarcane byproducts). After that, 
each of the previous three mixtures (after air drying) was mixed 
with a commercial diet in different percentage (0, 25, 50, 75 and 
100 % w.w-1) as shown in Table (2). 

2.4. Fish feeding  

One thousand Nile tilapia (Oreochromis niloticus) 
fingerlings with an average body weight of 0.5 ± 0.4 g 
(mean ± SE) were obtained from the General Authority for 
Fish Resources Development, Aswan, Egypt, and 
transferred to Aswan Research Station, National Institute 
of Oceanography and Fisheries, Aswan, Egypt. Fish were 
acclimated in glass aquaria (80 x 60 x 50 cm) for seven 
days, with two daily feedings of a basic diet.The aquaria 
were filled with clean, dechlorinated water with 
continuous aeration. The water temperature ranged from 
28 to 30 °C, pH 7, and the dissolved oxygen was 7±1 mg/l. 
During the experimental period, the water was changed by 
10 % daily. Fish were fed at 5% of their body weight daily 
in the first week, then 3 % of their body weight daily until 
the experiment ended. The experiment was conducted for 
45 days, and fish samples were collected every two weeks.  

2.4.1. Ethics Statement  

The dealing with the experimental fish followed the 
National Institute of Oceanography and Fisheries 
institutional ethical guidelines of humane dealing with 
experimental animals. With no more than the least number 
of fish per group used, fish were anesthetized with eugenol 
either before sample collection or euthanized. 

2.4.2. Fish analysis  

2.4.2.1. Fish growth performance  
Fish growth parameters (fish length and weight) were 

recorded for each treatment and control every 15 days. 
Total length was measured from the head to the end of the 
tail. Also, weight was measured in grams on a digital 
scale. Growth indices (weight gain (WG), specific growth 
rate (SGR), feed conversion efficiencies (FCE), the 
condition factor (CF), and the percentage of survival were 
calculated according to the following formula (Priestley et 
al., 2006): 

 

 

 

 
2.4.2.2. Proximate composition 

Diets and fish carcass samples were analyzed for dry 
matter (DM) and ash content, and crude protein (N x 6.25) 
using a Kjeltech auto-analyzer in accordance with AOAC 
guidelines (1995). Crude fat was measured according to 
Bligh and Dyer (1959). Nitrogen-free extract (soluble 
carbohydrate) was calculated by subtracting the difference. 

2.4.2.3. Histopathological examination 
Five fish were fixed whole for 24 hours in 10% 

phosphate-buffered formalin, then dehydrated with 
increasing concentrations of ethanol (70 %, 80 %, 90 %, 
95 %, and 100 %), embedded in paraffin, and finally 
sectioned at 5 µm thick. Tissue sections were stained with 
Hematoxylin and Eosin (Presnell et al., 1997) and 
examined by light microscopy (CX 41, Olympus, Japan), 
according to Roberts (2012). 

2.5. Statistical Analysis:  

Data were statistically analyzed using analysis of 
variance (ANOVA) using the STATISTICA computer 
programs. 

3. Results 

3.1. Fish growth performance 

Figure (2) shows the effects of experimental diets on O. 
niloticus weight gain (WG), specific growth rate (SGR), 
feed conversion efficiencies (FCE), and condition factor. 
After 15 days of fish feeding, the treatment fed with 25% 
microbial mix–integrated diets had a higher WG (0.29 g) 
than the control (0.25 g), and after 30 days of fish feeding, 
the treatment fed with 25% Azotobacter–integrated diets 
had a higher WG (0.52 g) than the control (0.46 g). 
Moreover, after 45 days of fish feeding, several treatments 
recorded significantly higher WG values compared to 
control. In details, the treatment fed with 25, 50, 75% 
Azotobacter-integrated diets recorded 0.99, 1.18, 0.99 g 
WG respectively; the treatment fed with 25, 50% 
microbial mix-integrated diets recorded 0.99, 1.15g WG 

Microscopic image using

400X magnification
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respectively, and the treatment fed with 25% only  
sugarcane byproducts diets recorded 0.86 g WG, while 
control recorded 0.79 g WG (Fig. 2). 

Statistically, the best SGR was recorded for 25 % 
microbial mix-integrated diets (2.95 SGR %), compared to 
control (2.58 SGR %) after 15 days of feeding, and 25 % 
Azotobacter-integrated diets (2.28 SGR %) and 25 % 
microbial mix-integrated diets (2.19 SGR %), compared to 
control (2.09 SGR %) after 30 days of feeding. After 45 
days of feeding, the highest values were recorded in 25, 
50, 75 % Azotobacter-integrated diets (2.36, 2.62, 2.69 
SGR %, respectively); 25, 50 % microbial mix-
integrateddiets (2.16, 2.58 SGR %, respectively) and 25 % 
only sugarcane byproducts mixed diet (2.36 SGR %) 
compared to control (2.04 SGR %). 

Feed conversion efficiencies (FCE) values of fishes 
were improved, where after 15 days of fish feeding, the 
treatment fed with 25 % microbial mix-integrated diet 
recorded higher FCE (5.3 %) compared to control (4.5 %). 
In addition, after 30 days of fish feeding, the treatment fed 
with 25 % Azotobacter-integrated diet, and the treatment 
fed with 25 % microbial mix-integrated diet recorded 
higher FCE (12.9 and 12.2 % respectively) compared to 
control (11.4 %).  Also after 45 days of fish feeding, 
significant increases (P≤ 0.05) in FCE in many treatments 
were recorded compared to control (19.8 %), such as FCE 
in 25, 50, 75 % Azotobacter-integrated diets (24.9, 29.5, 
24.7 %, respectively); 25, 50 % microbial mix-integrated 
diets (24.8, 28.8 %, respectively). 

Furthermore, Figure (2) showed that using 
experimental diets improved condition factor, particularly 
after 45 days of feeding, a phenomenon seen in all 
treatments except the highly concentrated one (100 % 
treatments), where 25, 50, 75% Azotobacter-integrated 
diets recorded 2.1, 3.1, 2.4 gm.cm-3 respectively; 25, 50, 
75% microbial mix-integrated diets treatments recorded 
2.4, 2.1, 2.1 gm.cm-3respectively, and 25, 50, 75% only 
sugarcane byproducts diets recorded 2.1, 1.7, 2.4 gm.cm-

3respectively, compared to control (1.1 gm.cm-3).  
Lower concentrations of experimental diets (25, 50%) 

had considerably higher values in both WG and SGR, 
regardless of time, but higher concentrations (75, 100%) 
were deemed unsuitable for fish feeding (Table 4). Also, 
A. chroococcum- integrated and microbial mix-integrated 
diets had a significant effect on weight gain and specific 
growth rate compared to the only sugarcane byproducts 
mixed diets. In addition, all treatments except highly 
concentrated ones (100% treatments) recorded higher 
condition factor values compared to control (Table 4). 
 

Figure 2. Growth performance (weight gain, specific growth rate, 
feed conversion efficiency and condition factor) for Oreochromis 
niloticus fingerlings feeding on A. chroococcum integrated with 
sugarcane by-products (Azotobacter-integrated) or microbial mix 
integrated with sugarcane by products (microbial mix-integrated) 
or only sugarcane byproducts after 15, 30 and 45 days of fish 
feeding. 

Significant increases (P ≤ 0.05), more than the control, at the 
same time are indicated by asterisks (*). 
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Table 4. Combined statistical analysis (regardless of sampling time) of weight gain, specific growth rate, feed conversion efficiencies and 
condition factor for different experimental treatments. 

Treatments WG (gm) SGR (%) FCE (%) CF(gm. cm-3) 

Control 0.50 e 2.24 c 11.91 e 1.43 e 

25 % Azotobacter-integrated 0.58 b 2.33 b 13.92 b 1.78 cd 

50 % Azotobacter-integrated 0.57 c 2.10 d 13.86 c 2.10 a 

75 % Azotobacter-integrated 0.45 g 1.90 f 10.91 g 1.82 c 

100 % Azotobacter-integrated 0.02 l 0.14 k 0.42 l 0.42 f 

25 % microbial mix-integrated 0.59 a 2.43 a 14.10 a 2.12 a 

50 % microbial mix-integrated 0.54 d 2.03 e 13.05 d 1.96 b 

75 % microbial mix-integrated 0.35 h 1.61 g 8.34 h 1.70 d 

100 % microbial mix-integrated 0.14 k 0.96 i 3.18 k 0.46 f 

25 % only sugarcane by-products 0.46 f 2.04 e 10.98 f 1.80 c 

50 % only sugarcane by-products 0.26 i 1.10 h 6.23 i 1.74 d 

75 % only sugarcane by-products 0.19 j 0.86 j 4.34 j 1.93 b 

100 % only sugarcane by-products 0.01 m 0.09 l 0.27 m 0.42 f 

(WG) weight gain, (SGR) specific growth rate, (FCE) feed conversion efficiencies and (CF) condition factor 

At the same column, means followed by the differ letter are significantly different (P≤ 0.05). 

3.2. Proximate analysis of fish 

Final proximate compositions of fish significantly affected by the 
treatments (Figure 3). Crude protein recorded significantly higher 
values in fish fed with 25, 50, 75% Azotobacter-integrated diets 
(65.7, 63.6, 67.3 % respectively), and 25, 50% microbial mix-
integrated diets (65.1, 66.5% respectively), and 50, 75% only 
sugarcane byproducts diets (65.4, 65.2% respectively), compared 
with control (62.4%), while crude lipid concentrations in all 
treatments were lower than control (22.5%). Fish fed with 25% 
microbial mix-integrated diet and fish fed with 25% only 
sugarcane byproducts diet (21.4 and 20.7% respectively) did not 

significantly differ from control. The maximum nitrogen-free 
extract (soluble carbohydrate) was recorded in fish fed with 25% 
only sugarcane byproducts diet (3.7%), 50% microbial mix-
integrated diet (2.9 %), 50% only sugarcane byproducts diet (2.7 
%) and 50% Azotobacter-integrated diets (2.6 %), comparing to 
control (2.4%). Fortunately, lower ash content was recorded in 
fish fed with 25% microbial mix-integrated diet (11.4 %) 
compared to control (12.8 %), while fish fed with 100 % 
integrated diets recorded higher ash content (Fig. 3). 

 

Figure 3.Final proximate compositions for Oreochromisniloticus fingerlings feeding on A. chroococcum integrated with sugarcane by-
products (Azotobacter-integrated) or microbial mix integrated with sugarcane by-products (microbial mix-integrated) or only sugarcane 
byproducts after 45 days of fish feeding. 

CP, crude protein; EE, ether extract; NFE, nitrogen free extract. Significant increases (P ≤ 0.05), more than the control, are indicated by 
asterisks (*). 
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3.3. Histopathological examination 

There were no significant differences in the 
histopathological picture of the different treatments as 
compared to the control. The majority of the tissues 
evaluated had normal histological structure (Fig. 4).  

Although all experiment diets had no visible negative 
effects on fish health, there is a discernible effect on fish 
color (Fig. 5). As the amount of the experimental diet was 
increased, the blackness of the fish increased. The fishes 
that received 100 % of the experimental diet showed more 
darkness than those that received 75 % of the experimental 
diet. Moreover, fishes receiving 25 % of the experimental 
diets were more white and similar to the control (Fig. 5A, 
and 5B). This is related to the color of water (Fig. 5C and 
5D), where the darkness of water increased with increasing 
the amount of the experimental diet (Fig. 5E).  

Furthermore, the percentage of fish that survived was 
inversely proportional to the increase in the content of the 
experimental diets. It was higher in individuals who were 
given a 25% or 50% experimental diet, which is similar to 
a control diet (100 % survival rate). On the contrary, fishes 
receiving a 100 % experimental diet recorded more 
mortality than the others receiving 75 % experimental diet, 
and the mortality began in the 11th day of feeding. The 
lowest mortality was recorded in fishes fed with 
Azotobacter-integrated diets (Fig. 6). 

 
Figure 4. An example histopathological picture of Oreochromis 
niloticus fingerlings showing: (a) posterior kidney showing 
normal renal structure with moderate congestion, (b) Primary gill 
lamella showing normal structure, (c) musculature showing 
normal myofilamentos structure. 

Figure 5. Photo image showing external color for Oreochromis 
niloticus fingerlings and water color for fish aquaculture. A, 
shows light and normal color of fish; B, shows dark color of fish, 
C, shows normal color of water aquaculture; D, shows dark color 
of water aquaculture which received high experimental diet; E, 
shows darkness of water aquaculture increased with increasing the 
amount of the experimental diet (with the direction of arrow). 

Figure 6. Oreochromis niloticus fingerlings mortality (%) from 
the eleventh day until the twenty-fifth day of feeding. 

A B 

C D 

E
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4. Discussion 

Fish farming is an important industry, especially with 
the growing number of population and increasing food 
shortages. Using low-cost fish diets either in their 
ingredients or in their preparation is important to reduce 
the production cost and consequently increase fish 
productivity. In aquaculture, microorganisms play an 
important and useful role as nitrogen-fixing bacteria can 
raise net primary productivity, increase plankton 
production, and thereby increase fish biomass (Tripathy 
and Ayyappan, 2005; Ali et al., 2015). Furthermore, 
nitrogen-fixing bacteria are used in controlling pathogens 
and improving the fish immunity system (Decamp et al., 
2008; Ali et al., 2011). 

The effect of sugarcane by-products on aquacultures 
have been studied by a number of researchers, such as 
Aderolu et al. (2013) who used molasses in the feed of 
catfish, and Gangadhar and Keshavanath (2012) who 
demonstrated that sugarcane bagasse can be applied in 
tank bottom as a substrate to increase rohu fish production.  

The objective of this study is to provide low-cost, high-
effective fish diets to lower fish production costs. The use 
of minor additions from the combination diet (25, 50%) 
considerably improved fish growing parameters, indicating 
that microbial biomass integrated with sugarcane wastes 
can replace a portion of the commercial fish diet (Table 4). 
On the other hand, using large amounts of combination 
diet (75, 100%) in fish feeding reduced fish growth 
performance, which could be due to a lack of accessible 
nutrients, as assessed by the approximation analysis (Table 
3).  

Furthermore, using microbial biomass integrated with 
sugarcane wastes increased fish growth performance more 
than using sugarcane by-products without microorganisms 
(only sugarcane byproducts), which indicates that 
microorganisms provided essential nutrients, such as 
essential amino acids, vitamins, and un-identified growth 
factors, increased digestibility of the raw materials, and 
catabolized anti-nutritional factors by the action of the 
produced enzymes. These results are compatible with the 
results of Keshavanath and Shivanna, 2006; Gangadhar 
and Keshavanath, 2012. 

Moreover, the highest values for condition factor (used 
as an index to evaluate the aquatic ecosystem in which fish 
live) were found in fishes fed with 50% Azotobacter-
integrated diets, which confirms that Azotobacter 
improved the water quality of aquaculture (Ali et al., 
2012). Additionally, the fish that were fed with 25% of 
microbial mix-integrated diets recorded higher carcass 
amounts of crude protein and lipid, which could be related 
to the high lipid content of C. reinhardtiicells (Yang et al., 
2018).  

Despite the fact that there were no visible histological 
changes in fish tissues, the proportion of fish mortality 
increased with increasing amount of experimental diets. 
Fishes fed with 100 % integrated diets recorded higher 
mortality than those fed with 75 % integrated diet (Fig. 6). 
Furthermore, fish fed Azotobacter-integrated diets had a 
lower mortality rate than fish fed alternative treatments, 
although using higher amounts of the integrated diet (75 
and 100 %) caused fish mortality and increased fish dark 
color. All of the fish samples from all of the experimental 
treatments lacked histological abnormalities in their 

tissues, indicating that nutrient deficiency was the cause of 
death.  

5. Conclusion  

It can be concluded that microbial mix–integrated 
sugarcane byproducts can be applied in Nile tilapia feeding 
after mixing with a commercial diet in between 25-50 %. 
Also, fodder factories must be complementary with 
sugarcane factories to reduce pollution and increase 
economic value. Further research is needed to confirm the 
safety and applicability of using such integrated diets in 
fish feeding and also to reduce feed cost through 
investigating the proper supplementary additions, 
especially with higher concentrations of integrated diets. 
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Abstract 

Consolidated bioprocessing (CBP) is an alternative commercial process that combines all essential processes in a single 
bioreactor for the conversion of lignocellulosic biomass into ethanol. The challenge in the development of CBP is to find 
microorganisms with crucial properties for the utilisation of lignocellulosic materials to produce bioethanol. Also, it can be 
difficult to determine the optimal culture conditions for all processes to occur simultaneously. Therefore, this study focused 
on the potential of Trichoderma asperellum B1581 to produce ethanol and optimised the physicochemical parameters 
required for paddy straw waste conversion via CBP. Six parameters (days of saccharification, saccharification temperature 
(°C), days of fermentation, fermentation temperature (°C), medium level (%, v/v), and substrates loading (%, w/v)) were 
optimised in one-factor-at-a-time (OFAT) analysis via Response Surface Methodology (RSM). The numerical optimisation 
was statistically validated by comparing the volume of ethanol produced to the volume predicted by the RSM. T. asperellum 
B1581 produced 0.94 g/L bioethanol in CBP and is a more convenient, manageable and cost-effective process as all the 
crucial steps were performed by only one organism. 

Keywords: Bioethanol production; Consolidated bioprocessing; Fermentation; Optimization; Paddy straw; Response surface method; 
Saccharification. 
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1. Introduction 

Non-renewable fossil fuels such as coal, oil and natural 
gas have been known to be the primary sources of energy 
for many decades (Lugani et al., 2020). With the growing 
of human population as well as urbanization in the 21st 
century and to continue pursuing current development 
goals, energy availability has emerged as one of the key 
problems that needs to be resolved. (Awogbemi et al., 
2021). Several alternatives have been considered by 
researchers, particularly biofuels which primarily depend 
on the type of biomass (Afolalu et al., 2021). Biofuels can 
be categorized into four generations: (1) food-based crops 
containing starch, (2) lignocellulosic-based biofuels, (3) 
algal biomass and (4) genetically modified algae with high 
lipid content (Robak and Balcerek, 2020). Since the first-
generation biofuels faced major controversy due to the 
food versus fuel issue, the direction of research interest has 
been shifted towards the second-generation biofuels by 
utilizing lignocellulosic biomass as renewable feedstock 
for biofuel production (Dey et al., 2020). Lignocellulosic 
biomass is one of the most abundantly available 
bioresource with an annual global yield of 1.3 billion tons, 
and hydrolysis of this material would result in the release 
of valuable reducing sugars which are crucial for the 
production of biofuels such as bioethanol and biogas 
(Baruah et al., 2018). Bioethanol is a high-energy 
substitute fuel to gasoline with an excellent clean-burning 

system and commonly blended with conventional gasoline 
for the use in automobile as an effort to reduce greenhouse 
gases emissions (Chang et al., 2018). In bioethanol 
production, several processes such as pretreatment, 
saccharification and fermentation are the predominant 
steps that need to be executed in an efficient way (Kumar 
et al., 2020). Four significant process configurations are 
required for efficient lignocellulose-based biofuel 
production: separate hydrolysis and fermentation (SHF), 
simultaneous saccharification and fermentation (SSF), 
simultaneous saccharification and co-fermentation (SSCF), 
and consolidated bioprocessing (CBP) (Parisutham et al., 
2014).  

The consolidated process involves the integration of 
both saccharification and fermentation into one bioreactor, 
hence reducing the number of stages in the bio-refinery 
(Zoglowek et al., 2016). The resulting process is like SSF, 
but without the addition of exogenous enzyme (Teter et 
al., 2014). CBP also involves the use of a microorganism 
or a group of compatible microorganisms for substrate 
hydrolysis and fermentation within a single reactor (Olson 
et al., 2012; Ho et al., 2012). However, the most difficult 
step in CBP is the selection of an appropriate 
microorganism or microbial consortium that secretes the 
hydrolytic enzyme required for the lignocellulosic material 
to produce ethanol (Paulova et al., 2015). A study by Bech 
et al. (2015) proved the ability of T. asperellum to 
hydrolyse pretreated duckweed, producing up to 60% 
glucose yield, and hence this fungus is a potential 
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organism for on-site enzyme production. Trichoderma 
asperellum has also been used in several biochemical 
processes due to its impressive features to boost cellulose 
production and cause less catabolite suppression (Nava-
Cruz et al., 2016). Trichoderma asperellum B1581 was 
chosen as a subject for this study based on a previous 
study by Syazwanee et al. (2019) in which the strain was 
identified as the best producer of exoglucanase (at 2.37 ± 
0.34 U/mL) and β-glucosidase (3.00 ± 0.15 U/mL). 
Exoglucanase, also known as cellobiohydrolase (CBH), is 
a primary exocellulase that converts cellulose into 
cellobiose where its high production is crucial because it 
makes up 60% of the enzyme cocktail (Brady et al., 2015). 
β-glucosidase also plays a significant role in bioethanol 
production to eliminate cellobiose inhibition (Wang et al., 
2012) and has become a conundrum in producing 
bioethanol. 

Besides selecting a productive strain, optimising the 
culture conditions is crucial to systematically improve the 
efficiency of ethanol production by adding or eliminating 
components from the formulation, which also results in 
more stability and reproducible culture conditions (Dong 
et al., 2012). Therefore, this study was designed to 
determine the effectiveness of T. asperellum B1581 as 
single culture in producing ethanol, as well as optimising 
the physicochemical parameters for paddy straw waste 
conversion based on one-factor-at-a-time (OFAT) analysis 
and Response Surface Methodology analysis (RSM). 

2. Materials and Methods 

2.1. Fungal isolates 

Trichoderma asperellum B1581 was obtained from the 
Mycology Laboratory, Faculty of Science, Universiti Putra 
Malaysia and grown on Potato Dextrose Agar (PDA) at 
28°C ± 2°C for 7 days. 

2.2. Culture conditions 

The culture medium was prepared by using 1% (w/v) 
pretreated paddy straw (Syazwanee et al., 2018) mixed 
into 25 mL of 10% (v/v) basal medium ((NH4)2SO4 1.4 
g/L; KH2PO4 2.0 g/L; CaCl2 0.3 g/L; MgSO4.7H2O 0.3 
g/L; CoCl2 2.0 g/L) with 1 mL of trace element 
(MnSO4.H2O 1.56 g/L; FeSO4.7H2O 5.0 g/L; ZnSO4.7H2O 
1.4 g/L), then sterilised at 121 ± 0.5°C for 15 min. The 
medium was inoculated with fungal spore suspensions 
once cooled.  

The spore suspensions of T. asperellum B1581 was 
prepared from well sporulated colonies and were 
suspended in sterilized water. The concentrations of the 
spore suspensions were calculated using haemocytometer, 
and the concentrations were adjusted to 1 x 106 spore/mL 
(Mauch et al., 1988).  

2.3. One-Factor-At-a-Time (OFAT) analysis 

In order to determine dynamic variables, one-factor-at-
a-time (OFAT) analysis was design to investigate one 
factor while other variables were kept constant (Abou-
Taleb and Galal, 2018). The CBP culture conditions were 
based on a preliminary study, 150 rpm, 30°C ± 0.5°C for 
saccharification and fermentation processes, 3 days of 
saccharification and 3 days of fermentation. The effect of 
six parameters on ethanol production, days of 
saccharification, saccharification temperature (°C), days of 

fermentation, fermentation temperature (°C), medium level 
(%, v/v), and substrates loading (%, w/v) were assessed 
using the Megazyme® ethanol assay kit in triplicates 
(Cutzu and Bardi, 2017).  The data obtained from OFAT 
was analysed by using mean ± standard deviation at 95% 
confidence limit (p < 0.05) (Wahid and Nadir, 2013). 

2.4. Response Surface Methodology (RSM) 

The optimisation of RSM was performed using a 
Central Composite Design (CCD) via Design-Expert 
software Version 6.0.8 (Stat-Ease Inc., Minneapolis, MN, 
USA) with full expression of the quadratic model. In 
Central Composite Design (CCD), all factors were studied 
in five levels (-α, -1, 0, +1, +α). The coded variables were 
used to explain the ranges used in CCD such as extreme 
predicted point (±α), central point (0) and axial point (±1). 
For each response, optimum points were predicted based 
on the variables input and followed the second-order 
polynomial in the quadratic model. The amount of ethanol 
was quantified for each set-up and was subjected to 
analysis of variance (ANOVA) by evaluating the 
goodness-of-fit and significance of each parameter in the 
regression model (Said and Amin, 2015). 

The prediction of model on each species of fungi 
producing ethanol was based on the response of the 
independent variables and the interactions were developed 
from the following equation (Eq. 1): 
Y = β0 + β1A + β2B + β3C + β4D + β5E + β6F +β11A2 + β22B2 + β33C2 
+ β44D2 + β55E2 + β66F2 +β12AB + β13AC + β14AD + β15AE + 
β16AF+ β23BC + β24BD + β25BE + β26BF+ β34CD + β35CE + β36CF 
+β45DE+ β46DF+ β56EF     (eq. 1) 

The equation of Y is the amount of ethanol produced, β0 is the 
interception of coefficient, β1, β2, β3, β4, β5, β6 were linear 
coefficients, β11, β22, β33, β44, β55, β66 were quadratic coefficients, 
β12, β13, β14, β15, β16, β23, β24, β25, β26, β34, β35, β36, β45, β46, β56 represent 
interactive coefficients and symbols A, B, C, D, E and F were 
hours of saccharification, temperature of saccharification, hours of 
fermentation, temperature of fermentation, medium level and 
substrate level respectively. 

3. Results  

3.1. One-Factor-At-A-Time (OFAT) analysis 

The OFAT analysis was conducted in sequence with 
the temperature of fermentation was the first parameter 
tested from 25°C to 45°C with an interval of 5°C. The 
most ethanol (0.06 ± 0.02 g/L) was produced at 30°C for 
fermentation after 3 days of saccharification and 3 days of 
fermentation with the other parameters remaining constant. 
The fermentation at other points of temperature failed to 
produce any ethanol. Throughout the evaluation, the most 
optimum days for both saccharification and fermentation 
processes by T. asperellum B1581 were 2 days (48 h) 
respectively; making a total of 4 days (96 h) for both 
processes to complete. The amount of ethanol produced 
during this period was 0.05 ± 0.01 g/L. Pertain to medium 
and substrates loading, Trichoderma asperellum B1581 
produced up to 1.35 ± 0.02 g/L and 1.41 ± 0.07 g/L with 
3% (w/v) substrate loading and 10% (v/v) basal medium. 
Generally, the amount of ethanol produced by T. 
asperellum B1581 decreased as the substrate loading 
increased over 3 % (w/v) and the volume of medium 
increased more than 10% (v/v).  The final parameter 
analysed was the temperature of saccharification and as for 
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T. asperellum B1581, the volume of ethanol produced was 
the highest during saccharification at 30°C. The OFAT 
analysis managed to identify a compromise temperature 
for both saccharification and fermentation processes in 
CBP, which was 30°C ± 0.5°C. The summary of OFAT 
analysis is shown in Table 1. 

Table 1.  The pre-determine ranges for each of the parameters in 
one-factor-at-a-time (OFAT) and the optimum point for the 
highest ethanol production by Trichoderma asperellum B1581 

No. Parameters Control 
setting 

Ranges Optimum 
point 

1. Temperature of 
fermentation  

30 ± 
0.5°C 

25°C - 45 ± 
0.5°C 

30°C 

2. Days of 
saccharification 

3 days 1 day – 5 days 2 days 

3. Days of 
fermentation 

3 days 1 day – 5 days 2 days 

4. Substrates loading 
(w/v) 

1% 1% - 7% 3% 

5. Medium level 
(v/v) 

10% 10% - 90% 10% 

6. Temperature of 
saccharification 

30 ± 
0.5°C 

25°C - 45 ± 
0.5°C 

30°C 

3.2. Response Surface Methodology (RSM) analyses for 
optimisation 

In RSM, the period of saccharification and 
fermentation was converted into hours for a more precise 
value. Five-level and six factors were used in a fractional 
factorial design to evaluate the effects of synthesis 
parameters, including hours of saccharification (h), 
saccharification temperature (°C), hours of fermentation 
(h), fermentation temperature (°C), medium level (%, v/v) 
and substrates loading (%, w/v). The optimum point from 
the OFAT analysis was used as the centre point in the 
CCD. There were 86 settings, including a 10-centre point 
set-up generated by the software and experiments were 

carried out on T. asperellum B1581. The adequacy of the 
model was validated by checking the statistical properties 
listed in the fit summary table such as ANOVA, lack-of-
fit, R-squared, adjusted R-squared, predicted R-squared 
and adequate precision. The F-value for T. asperellum 
B1581 at 7.92 (Table 2) implied that the significant value, 
with only a 0.01% chance, happened due to noise. The 
validity of the null hypothesis was significant with a 
Probable F-value of <0.05, indicating less than 5% 
possibility, in which regression parameters were zero.  

Table 2.  Statistical summary of ethanol production by T. 
asperellum B1581 

Source Value 

Std. dev. 0.19 

Mean 0.26 

R-Squared (R2) 0.79 

Adjusted R-Squared 0.69 

Predicted R-Squared 0.39 

PRESS 5.98 

Adequate Precision 11.82 

A regression model displays lack-of-fit when it is 
unable to adequately describe the functional relation 
between the experimental factors and the response 
variable. The lack-of-fit for T. asperellum B1581 was 2.11 
with 0 pure error. The R-square (R2) value varied between 
0 and 1, with the value closer to 1, accounting for a larger 
proportion of the variance by the model. The quadratic 
regression model showed that the value of the 
determination coefficient (R2) was 0.79 with the fit 
explaining 79% of the total variation in the data.  

The ratio for T. asperellum B1581 was 11.82, 
indicating an adequate signal. Despite the inadequacy in 
the predicted R2 value for the T. asperellum B1581 model, 
the ratios in adequate precision proved these models could 
be used to navigate the design space, and thus effectively 
navigate three dimensional (3D) structures (Figure 1). 
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Figure 1.  The development of 3D surface plot-based response of ethanol production produced by T. asperellum B1581 with interaction 
among parameters. (A) hours of saccharification, (B) temperature of saccharification, (C) hours of fermentation, (D) temperature of 
fermentation, (E) medium level and lastly (F) substrates loading. 

The amount of ethanol produced by T. asperellum 
B1581 can be expressed by Equation (Y1): 

Y1 = + 0.93 + 0.11A + 0.021B + 0.016C + 0.019 D - 0.031 E + 
0.048 F - 0.12A2 - 0.14B2 - 0.13C2 - 0.082D2 - 0.13E2 - 0.12F2 
+ 0.013AB + 0.010AC + 0.036AD - 0.031AE + 0.042AF - 
2.703E-003BC - 0.029BD - 6.719E-004BE - 0.020BF + 2.516E-
003CD - 5.453E-003CE + 0.034CF - 0.010DE + 9.547E-003DF - 
0.037EF     (eq. 2) 

Symbols A, B, C, D, E, F represent the coded variables 
used in CCD: (A) hours of saccharification, (B) 
saccharification temperature, (C) hours of fermentation, 
(D) fermentation temperature, (E) medium level and lastly 
(F) substrates loading. The positive and negative signs in 

these equations represent the synergy and antagonistic 
effects among the variables, respectively. The predicted 
ethanol production (0.96 g/L) was compared to the actual 
ethanol production (0.94 g/L) for validation purposes 
(Table 3), with no significant difference in production.  
The settings of OFAT analysis were also compared with 
the optimization set-up generated by RSM software to 
observe the differences between the set-up as well as the 
amount of ethanol produced. The response of ethanol 
production by T. asperellum B1581 using optimized set-up 
was rather low (0.94 g/L) compared to the value of ethanol 
produced in OFAT analysis (1.35 g/L). 

Table 3: The optimization settings recommended by RSM with comparison to settings produced by OFAT analysis 

 

 
Saccharification Fermentation Basal medium Ethanol (g/L) 

 
Hours 

(h) 

Temp. 

(°C) 
Hours (h) 

Temp. 
(°C) 

Medium 

(%,v/v) 

Substrate 

(%, w/v) 

Predicted 

 

Actual 

 

RSM Set-up 

 
67.72 29.58 32.9 29.79 12.42 2.84 0.96 0.94 

OFAT analysis 

 
48 30 48 30 10.00 3.00 1.35 

4. Discussion 

One of the main challenges of consolidated 
bioprocessing (CBP) is the difficulty of establishing 
optimum culture conditions for microbial growth, 
saccharification and fermentation processes. Thus, the 
culture (medium and substrate loading), saccharification 

(temperature and days) and fermentation (temperature and 
days) were evaluated to determine the maximum ethanol 
production by lignocellulolytic fungi in aerobic conditions 
via CBP.  The main problem in CBP is that the 
temperature needs to be a compromise between the 
optimal temperature for saccharification of biomass and 
fermentation to take place. Even though the 
saccharification temperature is best at 50°C (Amarasekara, 
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2013), the current findings with saccharification 
temperature at 30°C are essential for efficient ethanol 
production via CBP in tropical countries, helping to reduce 
the cooling and water costs during fermentation, 
subsequently reducing the total production costs (Murata 
et al., 2015).  Other parameters that influence the cost of 
production is the incubation period, with the optimum 
period for both saccharification and fermentation by T. 
asperellum B1581 being 2 days respectively, thus a total of 
4 days for both processes to produce approximately 0.05 ± 
0.01 g/L ethanol. Four days for CBP was reported 
previously (Nadeem et al., 2015), and a longer incubation 
exceeding the optimum period will result in a low amount 
of ethanol due to nutrient depletion and diminished growth 
conditions (Fahrizal et al., 2013). 

Regarding medium and substrates loading, this study 
had observed the similar trend reported previously that 
high substrate concentrations severely limit the ethanol 
yield commercially, increasing the cost of processing, 
especially in downstream distillation (Zhao et al., 2015). 
In order to create more economical process, substrate 
concentrations need to be optimized as the increasing of 
viscosity material may lead to end-product inhibition, 
reducing enzyme mobility and prevent hydrolysis process 
to take place (Mardawati et al., 2019). In the context of 
medium volume, further increment will cause a high 
degree of aerobic metabolism, which utilizes sugar 
substrate but zero ethanol production (Arifa and Sarwar, 
2012). Thus, optimisation of the fermentation or cultural 
conditions is a crucial step to achieve an optimum ratio of 
the metabolite production and cost before semi-pilot/pilot 
production plans (Shaymaa et al., 2019).  

The OFAT analysis developed a setting for 
optimisation of bioethanol production using T. asperellum 
B1581. However, the weakness of OFAT analysis was 
their incapability to establish interactions between factors 
that lead to inaccurate optimal conditions, particularly 
when interactions among different factors are significant 
(Humbird and Fei, 2016). Unlike the multivariate approach 
which offers global knowledge in its whole experimental 
area, OFAT only gives local knowledge where the 
experiment is performed (Ashgar et al., 2014). Shaymaa et 
al. (2019) had shown the effectiveness of combination 
between Plackett–Burman design and Box-Behnken 
design as tools for the RSM.  However, Central Composite 
Design (CCD) was chosen for this study as a statistical 
strategy rather than Plackett-Burman or Box-Behnken 
designs because CCD has axial points outside the region of 
interest to make up for OFAT's drawbacks. 

Generally, different strains of fungi have their own 
optimal growth conditions, and this has led to the need to 
find the closest optimal condition for both strains to 
mutually co-exist for bioethanol production. In order to 
explore the relationships between several explanatory 
operating variables, Response Surface Methodology 
(RSM) has been extensively used for optimizing 
parameters for the production of ethanol from different 
substrates (Dasgupta et al., 2013). Besides, RSM is able to 
minimize the number of experiments required to develop a 
statistical relationship between factors and response, thus 
reducing the time consumption for optimization process.  
As seen in the RSM model produced in this study, the 
models provided an adequate fit for estimation with 
stability. A previous study reported that a combination of 

5:1 Aspergillus niger B2484 and Trichoderma asperellum 
B1581 produced the most ethanol (1.03 g/L). The single 
culture organism is more economically efficient, reducing 
the risk of contamination or any possible complication 
during consortium development (Syazwanee et al., 2021). 
A single microbial community can produce all the 
necessary enzymes to convert sugars into ethanol in a 
single reactor, thus reducing the overall costs (Sarabana et 
al., 2015). 

Industrial yeasts like Saccharomyces cereviseae have 
been used to produce alcohol for hundreds of years and 
have been extensively researched as the main strain for 
sugar-based bioethanol industries. The fermentation 
process for ethanol typically requires multiple setups for 
saccharification and fermentation and typically takes 
several hours to complete. On the overhand, CBP offers a 
combination of enzyme secretion, saccharification, and 
fermentation process in the same bioreactor has been 
known for economical manufacturing of bioethanol 
(Hasunuma et al., 2013). The key to cost reduction in CBP 
comes from either fermentative organisms that secrete 
vital cellulolytic enzymes for the breakdown of biomass, 
or from fermentative cellulolytic organisms that do not 
require a separate step for enzyme production (Linger and 
Darzins, 2013).  

The effort to use T. asperellum B1581 crude enzyme in 
CBP for direct fermentation of ethanol has not been 
reported in any previous reports, and this study has 
become the first to investigate their potentials. Therefore, 
RSM is a valuable tool to plan the strategy in developing 
and optimizes the setup for CBP.  Even though the RSM 
set-up produces a lower ethanol yield compared to OFAT 
set-up, the setting generated by RSM was still chosen over 
OFAT because the RSM analysis tends to overlook the 
overall interactions between physical and other factors 
affecting fermentation (Zambare and Christopher, 2012). 
Lower ethanol output may be caused by the fact that the 
filamentous fungi in CBP require several days to complete 
the fermentation process and usually consume the ethanol 
it produces (Anasontzis and Christakopoulos, 2014). 
Lower ethanol output in optimization setup by RSM was 
believed due to several drawbacks: (i) the productivity and 
ethanol yields are low and the fermentation process is 
time–consuming, (ii) optimum rate for  hydrolysis of 
cellulases is usually greater than the ethanol producing 
microorganisms, (iii)  unclear number of cellulase genes to 
be introduced into a single strain of host organism to 
become a viable CBP organism, and (iv) some of the 
secretory cellulolytic proteins may not fold properly 
(Jouzani and Taherzadeh, 2015). Although ethanol 
concentrations produced by filamentous fungi such as T. 
asperellum B1581 are unexpectedly high for organisms 
normally considered non-fermentative, the amount of 
ethanol produced is still too low for industrial bioethanol 
production and further analysis on the CBP setup is 
expected. 

5. Conclusion 

The OFAT analysis revealed that the optimum culture 
conditions of T. asperellum B1581 were 2 days of both 
saccharification and fermentation at 30°C with 3% (w/v) 
substrates loading and 10% (v/v) medium level. The 
optimised physicochemical conditions (67.7 h 
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saccharification, 32.9 h fermentation, 2.8% (w/v) 
substrate, 12.4% (v/v) medium level, 30°C for both 
processes) generated through RSM achieved ethanol 
production of 0.94 g/L, indicating the potential of T. 
asperellum B1581 as a single culture for bioethanol 
production in consolidated bioprocessing (CBP). 
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Abstract 

In integrated poultry cum fish systems, the droppings and offals from the chicken are used to fertilize the pond and feed the 
fish. These droppings and offals may sometimes harbour pathogenic microorganisms such as Pasteurella multocida. This 
study aimed to ascertain if P. multocida of avian origin can establish and cause infection in Clarias gariepinus. One hundred 
and twenty, apparently healthy 6 weeks old C. gariepinus juveniles were divided into three treatment groups and used for the 
study. Serotype A1 P. multocida isolated from infected chicken was homogenized in a sterile phosphate buffered saline and 
the turbidity adjusted to correspond to 0.5 McFarland’s turbidity standard. Treatment group A consists of fish infected by 
immersion in homogenized bacterial inoculums administered at 1 ml/ liter of water while group B were injected 
intraperitoneally with 0.2ml of the bacterial inoculums. Group C were injected with sterile buffered saline to serve as 
control. Monitoring of the experimental fish for any clinical sign of disease was carried out daily.  Blood samples were 
collected from 12 fish per treatment group for determination of haematological parameters and blood chemistry analysis. No 
clinical signs of disease were observed in all the groups for 28 days post infection; the growth rates and morphometric 
parameters did not differ significantly among treatment groups. There was also no significant change (p˃0.05) in 
haematological and serum biochemical parameters. This study has demonstrated that serotype A1 Pasteurella multocida did 
not establish an infection in C. gariepinus; hence, it did not result in any haemato-biochemical alteration in the fish. 
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1. Introduction 

African catfish is a very popular fish species among 
consumers in Nigeria and other Sub-Saharan African 
countries (Adah et al., 2021). As a result of increase in 
demand, most farmers operate integrated farms where they 
keep birds and fishes. Integrated fish cum livestock 
husbandry is practiced with a view to bringing together 
normally exclusive farming systems. In such farming 
system, waste from one enterprise (livestock) becomes 
input for the other subsystem (fish), thereby maximizing 
input utilization (Delmendo, 1980; Shoko et al., 2019). In 
Asia and other countries where integrated farming is 
widely practiced, integration of fish with chicken and duck 
are the most popular (Sahoo and Singh, 2015). The fish 
cultured in such system benefits from abundant nutrients 
arising from natural food which develops from the 
fertilization of the pond with the livestock manure (Bashir 
et al., 2020). In some integrated poultry cum fish farms, 
the poultry house overlays the ponds, and the droppings 
from the birds are used to fertilize the pond. Some farmers 
also pour poultry faeces and offals, especially intestine, 
into the fish pond as feed for fish. These droppings and 
offals from chicken may sometimes harbour pathogenic 

microorganisms that cause various diseases in chickens 
such as Pasteurella multocida, Escherichia coli, 
Salmonella enteritidis and parasites. These parasites and 
microorganisms may sometimes be a source of infection to 
susceptible fishes cultured in such integrated farms.  

Pasteurella multocida is one of the bacterial infections 
commonly encountered in poultry industry in Sub-Saharan 
Africa. The P. multocida was first discovered in 1878 in 
birds exhibiting signs of cholera while Louis Pasteur first 
isolated it in 1880. Pasteurella multocida is small, 
penicillin-sensitive, Gram-negative, non-motile 
coccobacilli (Zhao et al., 2021). The bacterium causes 
infections in humans through the bites and scratches of 
cats or dogs (Kannangara et al., 2020). In humans, P. 
multocida has been associated with numerous primary or 
secondary respiratory syndromes (Pak et al., 2018) 
indicating that the organism is of zoonotic importance. The 
organism is a normal microbiota of the upper respiratory 
tract of mammals and birds such as cats, dogs, rabbits, 
cows, swine and chicken.  The bacteria are present in a 
wide range of environments including aquatic habitat.  

Pasteurella multocida causes fowl cholera, an acute 
septicemic infection in birds that results in significant 
economic losses to the poultry industry, especially in 
turkey production (Mostaan et al., 2020). Pasteurellosis of 
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fishes, especially those caused by Pasteurella piscida, 
have existed for a long time. In 1963 at Chesapeake Bay, 
USA, the disease was reported to have caused heavy losses 
in white perch (Roccus americanus) and striped bass (M. 
saxatilis) production (Snieszko et al., 1964). Also in Japan 
in 1964 and 1972, it was reported to be responsible for 
massive mortality of cage-cultured yellowtails (Seriola 
quinqueradiata) in excess of 340 metric tons (Matsusato, 
1975). Recently, the incidence of pasteurellosis that caused 
significant economic losses has been reported in 
lumpsuckers (Cyclopterus lumpus L) in Norway affecting 
fishes of all life stages (Ellul et al., 2019). Pasteurella 
infections have been variously described as bacterial 
tuberculosis and pseudotuberculosis (Egusa, 1983).  

There is a need to study the transmission and 
pathogenicity of P. multocida in fish since poultry manure 
is used as organic fertilizers in fish ponds. From the 
literature reviewed, there is no record of P. multocida 
infection among Clarias gariepinus. Therefore, this study 
aimed to ascertain if P. multocida of avian origin can 
cause infection in C. gariepinus and its effects on the 
haematological parameters, serum biochemistry, growth 
and survival of the fish species. 

2. Materials and Methods 

2.1. Experimental animals and culture system 
maintenance 

The study was undertaken at the Aquaculture Research 
Facilities, Department of Veterinary Medicine, University 
of Nigeria, Nsukka situated at latitude 6°45' and 7°N and 
longitude 7°12' E. The climate is considered as being 
tropical, with marked periods of rainfall and dry seasons 
with minimum temperature (160C) in December/ January 
and maximum temperature (340C) in March/ April 
(Source: World Climate Online). One hundred and twenty 
apparently healthy 6weeks old Clarias gariepinus 
juveniles were procured from a reliable farm in Nsukka, 
Enugu state. Prior to the commencement of the 
experiment, the experimental fish were acclimatized for 
two weeks,  during which 2mm fish basal diet was 
provided at the rate of 3% of their body weight twice daily 
(Sarka and Rahid, 2012). Borehole water was used for the 
experiment, and the culture water was changed once in 2 
days by gradual removal and addition to ensure adequate 
oxygenation. The experiment was carried out in 6 tarpaulin 
fish ponds, constructed with metallic framework. Each of 
the ponds is 52x48x58.3cm (LxWxH) and has a capacity 
of 145.5L. Uneaten food and solid wastes were removed 
from the culture water by siphoning. Water quality 
parameters such as dissolved oxygen, temperature and pH 
were monitored weekly. Portable dissolved oxygen meter 
JPB – 607 A was used to monitor the dissolved oxygen 
and the water temperature while pocket-sized pH meter 
manufactured by Hanna instruments was used to monitor 
the pH of the culture water. The water quality parameters 
obtained include mean dissolved oxygen 5.6 ± 0.7, mean 
temperature 25.3 ± 1.380 and mean pH of 6.5 ± 0.12. All 
the parameters measured were within the tolerable limits 
for fish culture (Timmons and Losordo, 1994). 
 

2.2. Bacterial strains 

Serotype 1 characterized Pasteurella multocida isolate 
was obtained from Department of Pathology and 
Microbiology, National Veterinary Research Institute, 
Vom Plateau state, Nigeria. Upon arrival, it was sub-
cultured on a blood agar at the laboratory of the 
Department of Veterinary Medicine, University of Nigeria, 
Nsukka. Biochemical test such as citrate test, H2S test and 
methyl red test were performed to re-confirm the 
organism. 

2.3. Infection of Catfish 

120 African catfish (Clarias gariepinus) used for the 
study were randomly assigned into three treatment groups 
(A, B and C) of 40 catfish per group. Each group was 
further subdivided into two replicates and the stocking 
density were 20 fish per replicate for ease of handling and 
reared in tarpaulin pond of 145.5L capacity with iron 
framing at the 4 sides as stated above. Pasteurella 
multocida was homogenized in a sterile phosphate 
buffered saline and the turbidity was adjusted to 
correspond to 0.5 McFarland’s turbidity standard 
(equivalent to 1 x 108 colony forming units/ml) in 
accordance with Zapata and Ramirez-Arcos (2015). Fish in 
group A were infected by immersing them in appropriate 
tank containing 1ml/liter of bacterial inoculums for 5 
minutes while group B were injected intraperitoneally with 
0.2ml of the bacterial inoculums. Group C were injected 
with sterile buffered saline only to serve as control.  

2.4. Observation of critical outcomes and sampling 
frequency 

The infected fish were monitored daily for signs of ill 
health: sluggishness, off feed, skin lesions, morbidity and 
mortality. At the end of the experimental period of 4 
weeks, the weight and lengths (total and standard) of 6 fish 
per replicate (12 fish per treatment group) were 
determined. Tissue samples were taken from 6 fish per 
replicate for bacteriological assay. Isolation and 
identification of P. multocida using ovine blood agar 
selective media and P. multocida specific PCR methods 
(Dziva et al., 2008) were also employed for detection of 
the bacterium in fish samples from each treatment group. 
Also, blood samples were collected from 6 fish per 
replicate for determination of haematology and blood 
chemistry analysis.  

Sampling and taking of the morphometric (total length, 
standard length and weight) of a representative sample in 
each replicate was undertaken every week, and the sample 
size was 6 fish per replicate. The final sampling and taking 
of the morphometric of a representative sample in each 
replicate was undertaken at the 28th day, and the mortality 
in each treatment was recorded so as to calculate the 
survival rate. 

Condition factor, growth and mortality rates were 
determined.  

The condition factor (K) of each fish was calculated 
using the formula:  
K = 100W    
           L3                (Ighwela et al., 2011) 

Where L = standard length (cm) and W = Body weight (g)                                       
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Specific growth rate was calculated using the formula:  

SGR = LnWf – LnWi    X100 
               T (days)                                  (Gharaei et al., 2020)               

Where Wf = final weight and Wi= initial weight 

Survival rate = Final number of fish   X100  
                       Initial number of fish 

2.5. Gross pathology 

Fish in all the groups were examined for presence of 
skin lesions. Three fishes from each group were selected 
and sacrificed 4 weeks post infection. Following death, the 
fishes were dissected, and the internal organs were 
examined for the presence of gross lesions.  

2.6. Determination of Haematological Parameters 

Six fishes were randomly selected from each replicate 
for haematology and serum biochemistry. Universal 
bottles treated with ethylene diamine tetra acetic acid 
(EDTA) were used for blood collection for haematological 
determination. Blood samples were collected from the 
caudal circulation (Lawrence et al., 2020) with the aid of 
heparinized 3ml disposable plastic syringes and a 21 gauge 
disposable hypodermic needle. Collected blood was mixed 
well with the anticoagulant, and the following 
haematological studies were carried out on the blood 
sample. The packed cell volume (PCV) was determined by 
the micro-heamatocrit method (Schalm et al., 1975). The 
haemoglobin concentration (Hb) was determined by the 
cyanometmoglobin method (Kachmar, 1970). The 
erythrocyte count was determined by haemocytometer 
method (Dacie and Lewis, 1991). The total white blood 
count was determined by the haemacytometer method 
(Dacie and Lewis, 1991). Smears for the differential white 
blood cell count were prepared on clean slides and studied 
by the Leishman technique (Schalm et al., 1975).  

2.7. Serum biochemistry determination 

Non-heparinized blood samples were collected from 
the caudal circulation from six fish per replicate for the 
serum chemistry analysis. The collected bloods were 
allowed to clot, and the clotted blood meant for serum 
biochemistry was separated from clear serum by 
centrifugation. All serum biochemistry determination was 
carried out following standard procedures. Serum 
Aspartate aminotransferase (AST) and Serum alanine 
aminotransferase (ALT) were determined using the 
standard colorimetric method of Reitman and Frankel 
(1957). This is an in-vitro method of determining AST and 
ALT using Randox Glutamic-oxaloacetic transaminase test 
kit and Randox Glutamic-pyruvic transaminase test kit 
respectively. Total proteins were determined by the direct 
Biuret method (Lubran, 1978) for the in-vitro 
determination of total protein in serum or plasma using the 
total proteins test kit while Albumin was determined using 
the Bromocresol Green method (Reinhold, 1953). Serum 
urea nitrogen was determined by the modified Berthlot-
Searcy method for the in-vitro determination of urea in 
serum or plasma using urea test kit.  

2.8. Analysis of data 

Clinical outcome, morbidity and mortality rates were 
determined and presented in tables. Data on absolute body 

weight, condition factor, specific growth rate, survival 
rate, haematology and serum biochemistry among the four 
experimental groups were compared using one way 
analysis of variance (ANOVA). Significant difference was 
accepted at p<0.05. 

3. Results 

3.1. Clinical signs 

No clinical sign of disease was observed in all the 
groups for 28 days post infection of the Clarias gariepinus 
with Pasteurella multocida as shown in Table 1. There 
were also no gross pathological lesions observed in all the 
organs examined at the end of the experimental period. 
Tissue samples taken from each treatment group at the end 
of the experimental period for bacteriological assay 
yielded no P. multocida isolates.  

Table 1. Clinical signs of infection in Clarias gariepinus infected 
with Pasteurella multocida. 

                                            Experimental group  

Clinical 
parameter 

A 

(P. multocida 
injected I.P 

B 

(P. multocida 
infected in 
water) 

C 

(Unifected 
Control) 

 Sluggish 
Movement 

Absent 

 

Absent 

 

Absent 

 

Anorexia Absent Absent Absent 

Morbidity rate Absent Absent Absent 

Curdling 
together 

Absent 

 

Absent 

 

Absent 

 

Emaciation Absent Absent Absent 

Growth rate Good Good Good 

Mortality rate 0% 0% 0% 

3.2.  Changes in Morphometric, Haematologic and 
Serum biochemistry paremeters 

The mean weight of the fish infected with Pasteurella 
multocida are presented in Table 2. Fish in group C gave 
the least mean weight of 245.64±24.55 twenty eight days 
post infection. Fish in group A gave a lower mean weight 
of 254.94±48 compared to those in group B which gave 
261.04±9.9 twenty eight days post infection. The results 
gotten from calculation of the condition factor and specific 
growth rate also showed that both morphometric 
parameters did not vary significantly (p˃0.05) 28 days post 
infection. 

The result of the haematology as outlined in Table 3 
showed that there was no significant change (p˃0.05) in 
haematological parameters of Clarias gariepinus infected 
with type A1 Pasteurella multocida. 

Also, the result of the serum biochemistry as outlined 
in Table 4 showed that there was no significant change 
(p˃0.05) in the serum biochemistry parameters of Clarias 
gariepinus.



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 4 

 

632 

Table 2: Effect of Pasteurella multocida infection on the mean (± SD) morphometric parameters and specific growth rate of Clarias 
gariepinus 

 

Parameter 

Day 0 post infection Day 14 post infection Day 28 post infection 

Group A Group B Group C Group A Group B Group C Group A Group B Group C 

Weight 
(g) 

152.90±11.7 179.60±11.8 181.50±22.5 235.81±19.5 235.47±15.2 235.34±29.2 254.94±5 261.04±9.9 245.64±24.5 

Standard 
length 
(cm) 

27.05±0.74 28.85±0.43 28.52±0.35 30.71±0.92 30.60±0.70 30.31±1.14 30.79±1.22 32.00±0.67 31.25±0.71 

Condition 
factor 

0.67±0.09 0.77±0.03 0.78±0.11 0.90±0.08 0.83±0.04 0.82±0.04 0.81±0.10 0.80±0.03 0.71±0.05 

Specific growth Rate (g/day) 0.68±0.26 0.48±0.09 0.68±0.21 

Table 3: Effect of Pasteurella multocida infection on the mean (± SE) Haematological parameters of Clarias gariepinus 

Parameters Day 0 post infection Day 14 post infection Day 28 post infection 

Group A Group B Group C Group A Group B Group C Group A Group B Group C 

RBC 
(×10

6
/µL) 

2.25±0.10 2.27±0.15 2.32±0.22 1.73±0.6 1.55±0.10 1.76±0.16 1.78±0.15 1.42±0.16 1.50±0.88 

WBC 
(×10

9
/µL) 

11.46±0.15 11.87±0.20 11.90±0.11 12.14±0.32 12.02±0.29 12.32±0.24 12.50±0.35 12.49±0.40 12.77±0.35 

HG (g/dl) 8.56±0.35 8.56±0.40 8.40±0.47 8.03±0.49 8.83±0.22 8.64±0.35 8.13±0.24 8.71±0.38 7.83±0.60 

PCV (%) 36.63±3.81 38.00±4.06 39.13±4.58 25.75±5.73 34.25±3.74 40.00±6.34 36.13±5.20 24.25±4.71 36.88±3.96 

Lymphocyte 
(%) 

91.00±1.85 91.50±2.60 93.13±2.03 91.00±2.10 89.88±2.56 90.79±1.14 90.00±1.85 90.50±2.60 92.13±2.03 

Neutrophils 
(%) 

6.38±1.22 6.13±1.50 4.88±1.36 6.13±1.36 6.63±1.69 5.50±1.10 7.38±1.22 7.00±1.22 5.88±1.36 

Eosinophils 
(%) 

1.63±0.53 1.00±0.50 1.00±0.46 2.13±0.64 2.88±0.88 1.75±0.53 1.88±0.61 1.25±0.73 1.38±0.65 

Monocytes 
(%) 

0.99±0.27 1.37±0.82 0.99±0.59 0.74±0.64 0.61±0.22  1.96±0.5 0.74±0.25 1.25±0.65 0.61±0.30 

MCH(pg) 38.04±3.86 37.71±4.23 36.21±4.42 46.24±3.54 56.97±4.93 49.09±2.45 45.67±3.68 61.34±6.34 52.20±4.23 

MCV(fl) 162.8±10.22 167.4±8.23 168.66±12.54 148.83±13.11 220.97±13.00 227.27±13.12 202.98±9.31 170.77±14.12 245.87±12.21

MCHC(g/dl) 23.37±2.74 22.53±3.74 21.47±4.12 31.18±3.11 25.78±3.11 21.60±2.30 28.00±4.23 22.13±2.20 35.92±4.23S 

The Mean parameters determined did not vary significantly (p>0.05) among the group 

Table 4: Effect of Pasteurella multocida infection on the mean (± SE) blood serum chemistry of Clarias gariepinus 

Parameters    

Group A Group B Group C Group A Group B Group C Group A Group B Group C 

Total 
protein(g/dl) 

4.45±0.19 3.70±0.39 5.27±0.33 4.56±0.48 4.54±0.46 4.13±0.20 3.81±0.36 4.92±0.16 4.78±0.29 

Albumin(g/dl) 0.83±0.22 1.21±0.34 0.48±0.19 1.69±0.37 0.44±0.14 0.37±0.12 0.68±0.32 0.61±0.16 0.91±0.17 

Globulin(g/dl) 3.62±0.08 2.49±0.21 4.79±0.52 2.870±0.21 4.10±0.25 3.76±0.08 3.13±0.12 4.31±0.13 3.87±0.21 

Alb/ Glo ratio 0.23±0.08 0.49±0.10 0.10±0.03 0.59±0.06 0.11±0.08 0.10±0.02 0.18±0.03 0.14±0.08 0.24±0.07 

ALT (IU/L) 13.00±2.22 13.38±7.41 15.13±2.39 20.75±3.06 13.50±2.76 18.00±2.97 15.13±4.11 15.13±3.27 16.25±3.56 

AST (IU/L) 54.75±8.81 53.37±8.88 60.50±6.70 65.37±11.90 53.37±8.88 60.00±9.43 55.50±7.79 53.00±8.96 56.25±8.48 

Urea (mg/ 4.58±0.68 6.12±0.71 4.94±0.63 5.17±0.81 4.66±0.51 4.98±0.86 5.49±0.67 3.95±0.84 5.70±0.65 

The Mean parameters determined did not vary significantly (p>0.05) among the group
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4. Discussion 

Establishment of bacterial infection in fish results in 
specific signs and symptoms severity of which is 
dependent on the virulence and pathogenicity of the 
bacterium involved (Omeje et al., 2019). In this study, 
Clarias gariepinus experimentally infected with serotype 
A1 P. multocida of poultry origin were investigated in 
order to evaluate its infectivity and haemato-biochemical 
effect on the fish. There was total absence of common 
clinical signs of bacterial disease, which may include 
sluggish movement, anorexia, morbidity, curdling 
together, and emaciation in the group infected by 
immersion which indicates that they were not diseased. 
The same observance was made on Group A in which the 
fish was infected by injecting 0.02ml/g of the organism 
intraperitoneally. Supposedly, the fish in this group should 
have a greater influence of the bacterium because 
intraperitoneal infection -which is a parenteral route- 
ensures prompt absorption of injected material into the 
liver through the mesenteric vessels (Al Shoyaib et al., 
2020). Although intravenous injection is quicker in 
eliciting response, intraperitoneal injection was used 
because intravenous access will be challenging for the 
juvenile fish being used for the experiment. For both 
groups, the morbidity and the mortality rates were zero; 
there was absence of observable clinical signs of infection 
throughout the 28 days post infection which was the same 
as uninfected control group C. Bacteriological assay 
employing normal bacteria isolation in blood agar and 
specific PCR methods yielded no P. multocida isolates, 
which indicates that the bacterium did not establish an 
infection in Clarias gariepinus. The results of the study 
also indicated that the specific growth rate (SGR) and the 
Condition Factor (CF) of the fish in the groups were 
normal and did not differ significantly (p>0.05) in the 
three groups 28 days post infection. This result is in 
agreement with Nizan and Hammerschlag (1993) who 
reported that Pasteurella multocida has been isolated from 
Tilapia hybrids (Oreochromis spp) with no clinical sign 
which showed that the infection was subclinical and the 
source of infection was suggested to be the poultry manure 
used as organic fertilizer in the ponds. However, 
Pasteurella piscicida was reported to cause Pasteurellosis 
in fish species such as sea bass, white bass, yellowtail, 
striped bass and gilthead sea-bream (Thune et al., 1993). 
In poultry industry pasteurellosis due to P. multocida has 
been recognized as one of the diseases of veterinary 
importance.  A variety of domestic livestock including 
mammals and birds are susceptible to P. multocida 
(Abdulrahman and Davies, 2021), but there has not been 
any reported case of P. multocida infection in African 
catfish (Clarias gariepinus). Although they isolated P. 
multocida from natural pond water, Prince and Brand 
(1984) suggested that it may be due to the presence of 
waterfowl carcasses which shed the bacteria. A research 
done by Backstrand and Botzler (1986) showed that even 
though the capability of water in transmitting P. multocida 
organism from infected to susceptible avian host 
(waterfowl) is not in doubt, they postulated that the 
concentration of the organism declines rapidly in water. 
The low survival of P. multocida in water hypothesized by 
these scientists was reflected in the Group B of this study 

which was infected by immersing the fish into a tank 
containing 1 ml/ litre of the bacterial inoculum.  

Changes in blood parameters are known to occur in 
fishes under disease, agitation or nutritive stress (Blaxhall, 
1972; Dossou et al., 2018). The result of the haematology 
showed that the bacterium, Pasteurella multocida did not 
induce changes in haematological parameters. The packed 
cell volume, haemoglobin concentration, red blood cell 
count, white blood cell count, eosinophils, neutrophils and 
lymphocytes did not differ significantly on days 0, 14 and 
28 post infections for the three groups. This may also 
suggest the absence of any other infection (parasitism, 
allergy, dermatitis). This is in agreement with the work of 
Adedeji et al (2000) who reported that haematological 
parameters are crucial and serve as a possible indicator of 
physiological or pathological changes in disease 
investigation and fishery management.  

Plasma enzymes are useful as appropriate markers of 
tissue (organ) damage (Ramesh et al., 2018). An elevated 
level of plasma enzyme may suggest damage to tissue or 
organ. Damage to the liver may cause poor detoxification 
and deamination, which can lead to poor feed conversion, 
loss of weight and mortality. Based on the result of serum 
biochemistry, there were no significant differences in the 
plasma enzymes (alanine aminotransferase and aspartate 
aminotransferase) analyzed, after 28 days post infection 
for the group A, B and C. This is indicative that there was 
no gross pathological change or damage in the liver of the 
fish since the P. multocida organism did not establish to 
cause infection in the C. gariepinus. The serum total 
protein, total albumin and blood urea nitrogen also did not 
differ significantly (p>0.05).  

5. Conclusion 

This study has demonstrated that type 1 Pasteurella 
multocida did not establish an infection in Clarias 
gariepinus. Hence, it did not result in any haemato-
biochemical alteration in Clarias gariepinus. 
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Abstract  

Non-thermal or cold plasma create many reactive species and charged particles when brought into contact with plant 
extracts. The major constituents involve reactive oxygen species, reactive nitrogen species and plasma ultra-violets. These 
species can be used to synthesize biologically important nanoparticles. The current study addressed the effect of the green 
method-based preparation approach on the volumetric analysis of Zn nanoparticles. Under different operating conditions, the 
traditional thermal method and the microwave method as well as the plasma generation in dielectric barrier discharge reactor 
were adopted as a preparation approach in this study. The results generally show that the type of method used plays an 
important role in determining the size of the zinc particles produced. The traditional and microwave method stimulated the 
formation of clusters and agglomerates of Zn nanoparticles by effect of temperature parameter. As an example, it was noted 
that the lowest average diameter was obtained at 50 °C, which was 18.77 nm compared with 30.07, 23, 31, and 25.27 nm in 
diameter for particles generated with other temperatures of 30, 60, 70, and 80 °C respectively. These formations can occur at 
relatively low temperature at the expense of the formation of irregular particles. However, the weights of pre-prepared 
Petroselinum crispum seeds, and the ratio of the extract of P. crispum seeds to the salt, are factors that may play an 
important role in determining the size of the Zn nanoparticles. The current study has also shown that the highest percentage 
of generated nanoparticles was obtained with the cold plasma method under moderate operating conditions with the 
advantage of the economic factor. In addition, the Zn nanoparticles synthesized by cold plasma method in 10 min in all 
concentrations showed more inhibition effect as antifungal against Candida albicans. 
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1. Introduction  

The importance of nanoparticles (NPs) lies in the fact 
that the diameter of their particles is less than 100 
nanometers, which gives them nanoscale properties 
different from the corresponding bulk materials. These 
unique properties are their possession of high surface 
energy and quantum confinement in addition to 
nanoparticles' specifically large surface area. Thus, this 
technology can have wide applications in several fields 
including treatment of waste/water, sensing and catalyzing, 
corrosion prevention, conduction, oil recovery, electronics, 
clean energy, and drug delivery (Singh et al., 2015; 
Sharma et al., 2020 and EL-Seedi et al., 2019). 

The utilization of biological synthesis methods to make 
nanoparticles has grown increasingly popular, owing to the 
fact that they are non-toxic and non-polluting to the 
environment. Plants, yeasts, algae, bacteria, and fungi were 
used to make nanoparticles; however, the preparation of 
nanoparticles from plants had attracted wide interest in 
comparison with other methods (Daphedar and 
Taranath, 2018; Paul and Sinha, 2014 and Thi et al., 2020) 

Because zinc oxide nanoparticles are distinct from 
other nanoparticles as a unique material, they have 
attracted the attention of a large number of researchers, 
prompting them to conduct a large number of studies on 
them due to the diversity of its environmentally friendly 
applications in a variety of fields. Anti-microorganisms 
and nanomedicine, UV blocking, biosensors, 
phytochemical activities, drug carriers, and cosmetics are 
examples of these applications (Gunalan et al., 2012, 
Senthilkumar and Sivakumar, 2014 and Thi et al., 2020). 

ZnNPs is an inorganic semiconducting material that has 
three crystalline structures:  zinc blende, rock salt and 
wurtzite (Thi et al., 2020). Its nanostructure is distinct 
from the rest of the metal oxides since it contains an 
abundance of diverse nanostructures in its shapes, 
properties, and attributes such as nanotubes, nanorods, and 
nanospheres (Yahya et al., 2013). The nature of ZnNPs 
gave it a catalytic efficiency and a high adsorption 
capacity, which led to its employment in a variety of 
promising industrial applications, including adding 
ingredients to paints, sunscreens synthesis, the rubber and 
ceramic sector, sewage treatment, and fungicides (Gunalan 
et al., 2012). 
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There are many methods to prepare zinc nanoparticles. 
Physical methods, for example, include melt mixing, laser 
ablation, electric deposition, ball milling, physical vapour 
deposition, sputter deposition, and ion implantation 
(Rahayu et al., 2020). While Sol-gel, chemical-mechanical 
synthesis, microwave method, thermal evaporation, 
hydrothermal technique, vapor transport synthesis, and 
precipitation method are some chemical methods used to 
make nano-zinc oxide (Sabir et al., 2014). The chemical 
approaches necessitate the employment of organic 
compounds that act as redactors and capping agents, and it 
is one of the most widely used methods, requiring the 
employment of a wide range of catalytic precursors under 
various reaction circumstances of time, temperature, and 
reactant concentrations. The difference in the reaction 
conditions leads to the difference in the size and shape of 
the resulting zinc nanoparticles (Sabir et al., 2014 and Thi 
et al., 2020). 

Recently, green synthesis has been preferred over 
physical and chemical methods in the manufacture of 
nano-zinc oxide because of its low costs and not requiring 
high temperatures or specialized devices or the use of toxic 
organic compounds as reducing agents or solvents during 
the synthesis process, and thus no toxic or dangerous 
compounds are produced from the reaction. The green 
method is one of the environmentally friendly methods 
because it reduces the risks of pollution. The properties of 
the resulting nano-zinc oxide depend on the exact structure 
and structural characteristics, which are determined 
according to the chosen method of manufacture. (Sabir et 
al., 2014 and Lakshmeesha et al., 2019). 

Use of plants or plant extracts as row materials was due 
to its ease of work, the availability of plants in abundance, 
and the presence of chemical compounds, which are 
considered as reducing agents. In fact, (Fakhari et al., 
2019) proved that the zinc raw material plays a key role in 
the internal structure and external morphology of zinc 
nanoparticles by using two types of primers, which are 
zinc nitrate and zinc acetate, and in the presence of the 
aqueous extract of the leaves of Laurus nobilis plant 
(Fakhari et al., 2019).  

The precursor concentration of zinc nitrate has a 
significant impact on the production of nano-ZnO when 
Aloe vera extract is employed according to (Rasli et al., 
2020). These compounds include enzymes, proteins, 
flavonoids, phenols, alkaloids, tannins, soaps, and others, 
which play a key role in the reduction process of particles 
(Lakshmeesha et al., 2019 and Rahayu et al., 2020).  In 
addition, using zinc acetate compound as a starting 
material and adding Ixora coccinea leaf extract, (Yedurkar 
et al., 2016) were able to generate spherical zinc oxide 
nanoparticles with a high degree of stability.  

The species Petroselinum crispum, or as known locally 
parsley, is one of the herbal and aromatic plants that 
belong to the Apiaceae family. The chemical composition 
of parsley has revealed the presence of flavonoids, 
terpenes, coumarins, furanocoumarins, essential oils, and 
fatty acids as secondary compounds (Chaves et al., 2011, 
Liberal et al., 2020). Parsley belongs to the Mediterranean 
herb whose leaves have a high content of Vitamin C 
(ascorbic acid). This high content of vitamin C in parsley 
leaves can play an essential role as a strong reducing agent 
in this synthesis of nanoparticles (Roy et al., 2015). 

The present study is a serious attempt at the 
investigation of effective methods of chemical green 
synthesis on nanoparticle sizes. The current investigation 
was adopted on the hypothesis that says that the size of 
particles that can be produced with this method is 
restricted by the details of the preparation as well. 
Therefore, the conventional thermal method, the 
microwave method, and the plasma method have been 
covered in this study. The comparison was made by 
analyzing the size of the measured particles, using atomic 
force microscopy. The biological activity of ZnO NPs 
nanoparticles was evaluated by using well diffusion 
method for pathogenic fungi like Candida albicans, 
Candida guiller, Candida zeylenoid and Candida kruse. 

2. Material and methods 

2.1. Preparation of the aqueous extract of the 
Petroselinum crispum 

 P. crispum seeds were purchased from a local market 
in Baghdad and ground for 5-7 minutes in an electrical 
grinder. 10 g of P. crispum seeds powder was mixed with 
100 mL of boiling distilled water. The mixture was placed 
in a magnetic stirrer for 2-3 hours and left for 24 hours. 
Then the mixture was filtered by using Whitman paper 
No.1, and the filtrate was stored at 4 °C. The methods of 
(Trease and Evans, 1989 and Harborne, 1973) were used 
to identify active phytoconstituents (Table-1). 

2.2. Preparation of zinc nanoparticles  

The Zn nanoparticle was prepared by three methods: 

2.2.1. Preparation of zinc nanoparticles by using magnetic 
stirrer 

ZnNPs was synthesized by adding 45 mL of 1*10-3 M 
of ZnSO4 (Sigma-Aldrich) solution in a flask placed on the 
magnetic stirrer device (AL- Shaheen et al., 2020). After 
the temperature stabilized at 60 °C, added 5 mL of P. 
crispum seeds hot aqueous extract with continuous stirring 
for half an hour. The final solution was stored at 4 C° 
(Rasli et al., 2020). 

2.2.2. Preparation of Zinc nanoparticles using Microwave: 

The nanostructured zinc solution was prepared by 
adding 45 mL of ZnSO4 at a concentration of 1*10-3 M in 
a flask with the addition of 5 mL of P. crispum hot 
aqueous seeds extract. Then the mixture was placed in the 
microwave for 50 seconds (500-1000) watts, after which it 
was stored at 4 °C (Chikan and McLaurin, 2016). 

2.2.3. Preparation of Zinc nanoparticles using Cold 
Plasma:    

Dielectric barrier discharge reactor was used to 
generate the cold plasma. The generation system was 
designed in accordance with the nature of the used models 
and to achieve the largest plasma package that can be 
generated as can be seen in Figure (1). After numerous 
tests, the optimum distance between the electrode and the 
model surface was from a half to one centimeter. Four 
solutions of ZnNPs were prepared in four flasks, added to 
each solution 45 mL of 1*10-3 M ZnSO4 then added 5 mL 
from P. crispum hot aqueous seeds extract in every flask. 
The solutions were exposed directly to the plasma device 
with a difference in the exposure time of the plasma for 
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every solution which is (1, 3, 5, and 10) minutes; then the 
solutions were stored at 4 °C (Primc et al., 2021). 

2.3. Identifying the best circumstances for synthesis zinc 
nanoparticles 

2.3.1. Determine the optimum temperature for the 
synthesis of ZnNPs 

The optimal temperature for synthesis ZnNPs was 
established by mixing 45 mL of 1*10-3 M ZnSO4 solution 

in a flask with 5 mL of P. crispum hot aqueous seeds 
extract then put on a magnetic stirrer device at varied 
temperature (30, 40, 50, 60, 70 and 80 °C) every time. 
After that, all the solutions were kept at 4 °C (Verma and 
Mehata, 2016).

 
Figure 1:  Schematic diagram of Plasma generation in dielectric barrier discharge (DPD) reactor used in the current study

2.3.2. The effect of variance in plant material weight in 
extraction of P. crispum seeds hot aqueous extract in 
ZnNPs synthesis: 

The hot aqueous extracts were prepared using different 
weights of powdered P. crispum seeds, which are (4, 7, 10, 
13, and 16 g) per 100 mL of boiling distilled water, and the 
extracts were placed on the magnetic stirrer device for 2 - 
3 hours for homogenization then left for 24 hours. The 
mixtures were then filtered and kept in 4 °C (Sithara et al., 
2017). 

2.3.3. Evaluate the use of different volumes from P. 
crispum seeds hot aqueous extract and ZnSO4 solution in 
ZnNPs manufacturing.  

Different volumes of seeds hot aqueous extract and 
ZnSO4 solution were used in manufacture of ZnNPs by 
adding (45, 25 and 5) mL of 1*10-3 M ZnSO4 with (5, 25 
and 45) mL of seeds hot aqueous extract respectively 
(Ahmed et al., 2016 and Javad et al., 2017).  

2.4. Characterization of ZnNPs 

2.4.1. Atomic Force Microscopy (AFM) measurement 

The surface morphology of ZnNPs was investigated 
using AFM (Angstrom AA2000, contact mode, 
atmospheric circumstances, USA) pictures, which provide 
clear topological images of surface morphology at high 
magnification. A 0.5 mL sample of ZnNPs was centrifuged 
for 5 minutes at 10000 rpm in an eppendrof tube. Using 
atomic force microscopy, a few droplets of the sample 
were deposited on the slide, air dried, and described 
(Altaee et al., 2020). 

2.4.2. UV spectrophotometer measurement 

UV-vis spectroscopy was used to do preliminary 
characterization of the ZnNPs. The optical behavior of the 
biosynthesized ZnNPs was studied using a 
spectrophotometer (UV-Spectrophotometer - Shimadzu 
UV-1800) in a quartz cuvette with a 1 cm optical path at 
ambient temperature. Aliquots of ZnNPs were examined in 
the wavelength range of (200 - 700 nm) (Malarkodi et al., 
2014). 

2.5. Biological activity of ZnNPs 

The agar well diffusion assay method was used to test 
the antifungal activity of ZnNPs synthesized by magnetic 
stirrer, microwave and cold plasma in 10 minutes. Stock 
cultures of Candida albicans, Candida guiller, Candida 
zeylenoid, and Candida kruse were freshly cultured in a 
petri dish at 25 °C for 24 - 48 hours in an incubator 
(Memmert, Germany) on Sabouraud Dextrose Agar (SDA) 
medium (Hi Media, India) (Mahdavi et al., 2013). A loop 
full of cells were transferred from the agar to a test tube 
with 5 mL of Sabouraud Dextrose broth (Hi Media, India), 
then incubated at 30 °C with shaking for 12 - 16 hours ( 
Bensizerara et al., 2013). SDA agar plates were inoculated 
with Candida strains under aseptic conditions and wells 
were filled with 50 μL with various concentrations of 
ZnNPs (100, 75, 50 and 25) % and incubated at 25 °C for 
24 - 48 hours. The inhibition zones were measured in 
millimeter (well size 6 mm) (Devi and Bhimba, 2014). 
Antifungal nystatin (50 mcg) was selected as a positive 
control, by using a disc diffusion method against Candida 
albicans, Candida guiller, Candida zeylenoid, and 
Candida Kruse. The standard antifungal disc was 
purchased from Hi-Media, India (Deabes et al., 2020).  
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3. Results and Discussions 

The Differences in chemical and physical conditions 
such as weight of plant material, volumes of reactants, 
temperature and the kind of reaction method have 
significantly affected the size, form and the morphology of 
ZnNPs in this study. 

3.1. The visual observation and pH value of Zn 
nanoparticles 

The reaction between P. crispum extract and ZnSO4 
solution was transparent at the beginning of the reaction; 
however, the change in color was noticed after that as it 
turned into a light yellow color after of Zn nanoparticle 
formation, while the pH value of ZnNPs was 7 and 
remained constant during the reactions and after the 
formation of Zn nanoparticles and did not change during 
the period of storage. 

3.2. Characterization of the zinc nanoparticles by UV–
vis spectrophotometric analysis 

Zinc oxide nanoparticles were synthesized according to 
decided protocol using seeds aqueous extract from P. 
crispum. After the addition of seeds extract to the zinc 
sulphate solution, a slight color change will appear. It 
indicates the completion of the reaction, which is due to 
the excitement of plasmon vibrations in the zinc 
nanoparticles. Zinc sulphate solution alone without extract 
has no color; the intensity of color will steadily increase 
after the addition of seeds of the aqueous extract with an 
increase in the incubation period and the temperature. The 
ZnNPs exhibited slight yellow color, which may due to the 
excitement of the surface plasmon resonance (SPR) effect 
and the reduction of zinc sulphate. The reduction of seeds 
aqueous extract by zinc ions and the formation of ZnNPs 
was emphasized using UV–vis spectroscopy. A 
wavelength scanning process in the UV–vis spectra 
revealed an absorption peak at approximately 338 nm for 
ZnNPs (Figure 2).  

 
Figure 2: UV-Vis spectrum of manufactured ZnNPs by the 
reaction between ZnSO4 10-3 M with P. crispum seeds extract. 

These results were similar to the results of (Salem et al., 2015) 
which revealed an absorption peak at 340 nm for zinc 
nanoparticles synthesized by green method using leaf and fruit 
extracts from C. procera. Through Table (1), which shows the 
detection of secondary metabolites in plant seed extract P. 
crispum, the presence of metabolic compounds in appropriate 
quantities such as phenols, flavonoids and tannins can interact 
with zinc molecules as reduction agents and help in the synthesis 
and stability of zinc nanoparticles. 

 

Table 1: Qualitative Phytochemical Analysis of P. crispum seeds 
extract  

Phytoconsitituents Reagents Aqueous extract 

Alkaloids Mayer’s + Wagner’s - 

Saponins Gelatin - 

Tannins Ferric chloride + 

Phenols Iron chloride + + 

Flavonoids Alkaline Reagent + + 

Glycosides Borntrager’s - 

3.3. The effect of experimental conditions on the 
formation of Zn nanoparticles 

The results showed the formation of zinc nanoparticles 
in all different experimental conditions, such as weight of 
plant material, volumes of reactants, temperature as well as 
at different manufacturing methods such as are magnetic 
stirrer, microwave and cold plasma. Generally, the sizes of 
the Zn-nanoparticles ranged between 18.77 and 75 nm. 

3.3.1. The effect of different temperatures in ZnNPs 
synthesis   

Effect of thermal treatment was addressed in the 
current study. The influence of 30, 40, 50, 60, 70, and 80 
°C on the preparation of zinc oxide nanoparticles (Zn-NPs) 
was adopted in the current investigation. Figure (3) and 
Figure (4) show the volume percentage of the diameters of 
Zn-NPs formed using Atomic Force Microscopy at 
different temperatures. The figures show that the 
temperature has a clear effect on the particle size of the 
Zn-NPs produced. Lowest average diameter (18.77 nm) 
was obtained at 50 °C. This diameter began to increase 
with the rise in temperature to be 23, 31, 25.27, and 30.07 
nm in diameter for particles generated in temperatures of 
60, 70, 80, and 30 °C respectively. In fact, these 
experimental data of Zn-NPs were due to the formation of 
clusters and agglomerates. In addition, increase in the 
temperature increases the acceleration of the rates of 
nucleation. This interpretation was also supported by 
(Bandeira et al., 2020; Parra and Haque, 2014; Dhadapani 
et al., 2014; Manzoor et al., 2015 and Shaziman et al., 
2015).  They emphasized that the temperature and 
exposure time can determine the structure and size of 
nanoparticles form by green method. On the other hand, 
the reduction in the temperature gives irregular shapes 
while keeping the clusting rates low. This study, and 
through a set of experiments, found that the temperature of 
50, 60 and 80 °C gave the lowest diameter, so the average 
temperatures between them was 60 Co, which was adopted 
in the subsequent experiments. In fact, it appears that this 
increase in particle size with increasing temperature is not 
limited to zinc oxide, but many other mineral particles 
have had the same effect. For example, the average 
diameter of silver particles increases with increasing 
temperature, and for the same reasons above (Liu  et al., 
2020). 
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Figure 3: Granularity Distribution of Zn NPS at different 
temperatures (30, 50, 60, 70and 80 oC). 

 
Figure 4: 3D-response of Granularity Distribution of zinc oxide 
nanoparticles at 50 and 70 oC using Atomic Force Microscopy 

3.3.2. The effect the different plant weights of P. crispum 
seeds extracts in ZnNPs synthesis 

The effect of different group of weights of P. crispum 
seeds powder (4, 7, 10, 13 and 16) g, on the size of the 
nanoparticles generated by using green method was 
studied, as shown in Figure 5 and 6. The experimental data 
showed the variation in the average diameter of the 
nanoparticles and at a temperature of 60 °C and within the 
generated particles. The lowest diameter ratio of 
nanoparticles was obtained at 10 g weight compared to 
other weights, since the average diameter was 23.62 nm at 
a weight of 10 g, compared to the other weights that 
ranged between 64 and 75 nm. 

 
Figure 5: Granularity Distribution of zinc nanoparticles at 
different weight of P. crispum seeds (4, 7, 10, 13, and 16 g / 100 
mL)

 

Figure 6: 3D-response of Granularity Distribution of ZnNPs at 50 
and 70 oC using Atomic Force Microscopy 

3.3.3. Effect of different volume ratio of P. crispum seeds 
extract and ZnSO4 solution in ZnNPs synthesis 

The effect of the ratio of the extract of P. crispum seeds 
to the salt on the diameter of the generated particles was 
verified in the present study. The results showed that the 
half-weights (50 % for each one) achieved the lowest 
possible diameter than other percentages as shown in 
Figure 7 and 8. 43.36 nm was achieved at 50 % volume of 
the extract with 50 % volume of salt pulse 50 % of the 
extract, while 49.62 nm and 70.16 nm were achieved at 20 
% volumes of extract pulse 80 % of the extracted solution 
as well as 80 % volumes of extract pulse 20 % of salt, 
respectively. However, in the form of a single digit, the 
quantity that achieved less than 40 nanometers was greater 
in the first percentage compared to the average. 

 
Figure 7: Granularity Distribution of ZnNPs at different volume 
ratio of P.crispum seeds extract and ZnSO4 solution 

 
Figure 8: 3D-response of Granularity Distribution of ZnNPs at 
different extract solution of P.crispum seeds to salts ratio using 
Atomic Force Microscopy. 
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3.4. owave device in synthesis of ZnosThe effect of using 
cold plasma in synthesis of ZnNPs 

The use of cold plasma as an alternative to the heating 
stage in preparing nanoparticles was also present in this 
investigation. Figure 9 shows a complete analysis of the 
size of the generated fine particles. The time factor was the 
important variable that was adopted in this study. The 
results showed that the exposure of the solution to a time 
of 3 minutes was the best in terms of the quantity and size 
of the generated particles. The reduction in time was 
apparently not sufficient to achieve the required particle 
size, whereas the increased exposure time of the models to 
plasma radiation may cause some of the particles to 
agglomerate to form larger particles. Periods 3-5 minutes 
led to the production of nanoparticles size. This is 
consistent with (AL- Azawi et al., 2019) in the production 
of Silica NPs at a concentration of 18 nm using cold 
plasma for five minutes. 

In fact, the cold plasma method used in the current 
study causes three regions to occur, which include (gas 
phase region, interface region, and liquid phase region). 
Each of these regions undergoes a specific reaction that 
consumes or produces electrons (Humud and Dawood, 
2016 and Kaushik et al., 2019). The main driver of these 
reactions is the plasma generated to generate hydrogen 
peroxides [OH+]  in the gas phase and interface regions 
(Milosavljevic and Micic, 1978). In the liquid phase, these 
generated peroxides react to produce enough electrons to 
form the zinc with zero ions [Zn0]. 

 
Figure 9: Granularity Distribution of zinc oxide nanoparticles 
using plasma approach method 

3.5. The effect of using the microwave device in 
synthesis of Zn NPs 

The use of microwave devices as another means of 
preparing the heat required for the formation of 
nanoparticles has also been adopted in the current study.  
The exposure time to microwave waves was selected as an 
independent variable in the current study. As for 
determining the time of exposure of the laboratory samples 
to those microwaves, they were restricted by the amount of 
heat and the temperature that the samples would reach. 
Fifty degrees Celsius and sixty degrees Celsius were 
determined after several experiments on the condition that 
the temperature does not reach more than the required 
temperature. Figure 10 shows the numerical percentage of 
nanoparticles formed by using this method. The results 

showed that this percentage of nanoparticles formed after 
fifty seconds is higher than that obtained after the passage 
of sixty seconds. The results here support previous studies 
that showed the contribution of heat gradient-free to 
improving the size of the microparticles generated (Gerbec 
et al., 2005). More clearly, 7 % represented the numerical 
percentage of nanoparticles formed at 50 °C, compared to 
4 % at exposure time of 60 °C. These results were 
consistent with what was obtained using the conventional 
method. However, the difference between the two methods 
is the short period of time for the training phase with the 
cost factor. 

Figure 10: Granularity Distribution of zinc oxide nanoparticles 
using microwave approach methods.The biological activity of 
Zn NPs samples 

Antifungal activity of Zn NPs samples was studied 
against four types of Candida as Candida 
albicans, Candida guiller, Candida 
zeylenoid, and Candida kruse. The results presented in 
table 2 show that the synthesis method of Zn nanoparticles 
and their concentration also the kinds of Candida under 
study have a great effect on the zone size of inhibition for 
fungi as reported by (Gunalan et al., 2012). The Zn 
nanoparticles that were synthesized by cold plasma 
showed a high inhibition effect unlike the ZnNPs that were 
synthesized by using the magnetic stirrer method, and the 
microwave method did not show any inhibitory effect 
against any Candida species. Table 2 shows ZnNPs 
synthesized by cold plasma method in the concentrations 
(100, 75, 50, and 25) %. The results illustrated that the 
highest inhibition effect against both C. albicans and C. 
zeylenoid was more than that with the positive control 
(nystatin).  ZnNPs achieved a high inhibition effect in 
100% concentration, compared with the positive control 
for C. Kruse. All the concentrations of ZnNPs showed a 
low inhibition effect than positive control of Candida 
guiller. The antimicrobial activity differences may derive 
from the electrostatic attraction between the negatively 
charged microbial cell membrane and the positively 
charged zinc nanoparticles (Hamouda et al., 2001), and 
this is due to difference in the synthesis method of ZnNPs. 
The synthesis method of zinc nanoparticles affected the 
interaction of zinc ions with microbial cells and inhibited 
their growth, as the nanoparticles formed in each way were 
different in terms of size and orientation (Gunalan et al., 
2012 and Wang et al., 2007). 
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Table 2: The antifungal activity of ZnO NPs which synthesized by using three methods and the concentrations (100, 75, 50 and 25) % 
against Candida 

Fungi 
Positive Control 

Nystatin (mm) 

Zone of inhibition (mm)              Synthesis method of ZnNPs       Concentration of ZnNPs (%) 

Cold plasma method (10 min) 

 100    75     50      25 

Magnetic stirrer method 

100     75     50      25 

   Microwave method 

    100    75     50      25 

Candida albicans 16  35      30     27      24  0.0      0.0    0.0     0.0     0.0     0.0    0.0     0.0 

Candida guiller 18  12      17     15      0.0 0.0      0.0    0.0     0.0      0.0     0.0    0.0     0.0  

Candida zeylenoid 18  25      22     20      0.0 0.0      0.0    0.0     0.0     0.0     0.0    0.0     0.0 

Candida kruse 19  20      16     17      0.0 0.0      0.0    0.0     0.0     0.0     0.0    0.0     0.0 

The Figure 11 showed that ZnNPs synthesized by cold 
plasma method in the concentrations (100, 75, 50 and 25) 
% have the highest inhibition effect against C. albicans., 
followed by C. zeylenoid that showed a good effect in the 
concentrations (100, 75 and 50) % of Zn nanoparticles; 
both C. zeylenoid and C. kruse have achieved almost the 
same inhibition effects against using the nanoparticles in 
the same concentrations, while the concentration   25 % of 
zinc nanoparticles did not show any inhibitory effect on 
fungi except for C. albicans. That may be due to proper 
diffusion of Zn nanoparticles in the agar medium. The 
results showed an increase in the percentage of fungi 
inhibition by increasing the concentration of zinc 
nanoparticles, and this is consistent with what has been 
achieved by both (Gunalan et al., 2012 and Navale et al., 
2015). The difference in the inhibitory effect of zinc 
nanoparticles on fungi may be due to difference in their 
individual response and their genotypic characters 
(Senthilkumar and Sivakumar, 2014). 

Figure 11: The effect of ZnO nanoparticles that synthesized by 
using cold plasma method for 10 min on the biological activity for 
pathogenic fungi by using different concentrations (1) 100%, (2) 
75%, (3) 50%, (4) 25%. 

4. Conclusions 

 The effect of the preparation method on the size of the 
zinc-nanoparticles was verified in the current study under 
different operating conditions. The study concluded the 
importance of those conditions as well as the method used 
in the preparation process, whether it was the traditional 
thermal method, microwave oven or plasma, on the size 
analysis of generated particles. High temperatures, in 
addition to being economically costly, also increase the 
size of zinc nanoparticles generated in the microwave and 
thermal method, while the use of the Plasma generation in 
dielectric barrier discharge (DPD) reactor has achieved the 
best percentage of formed particles of nano sizes with the 
associated operational and economic factor. The zinc 
nanoparticles that were prepared by using cold plasma also 

achieved the highest inhibition zone against fungi, 
especially Candida albicans. 
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Abstract 

Intensive research efforts have been devoted to the design and synthesis of 4-hydroxycoumarin derivatives as anticoagulants. 
The main purpose of this study was to report the synthesis of some coumarin-type derivatives, including, 4-aryl-1,2-dihydro-
6-(4-hydroxy-2-oxo-2H-chromene-3-yl)-2-oxopyridin-3-carbonitrile (3, 4). The structure of the synthesized compounds has 
been verified on the basis of literature data and spectroscopic measurements such as NMR, MS and IR. In addition, there 
were two objectives for the study: first, to test these synthetic derivatives in vivo for their anticoagulant effects in the 
laboratory male mice (Mus musculus swiss albino). Second, to compare between the in vivo activity of these synthetic 
derivatives and that of Warfarin (CAS 81-81-2), which is the most commonly used anticoagulant. Prothrombin time (PT) 
was used as the value to compare the anticoagulant properties of the synthesized compounds (1, 3, 4) and warfarin. The time 
for plasma to solidify following the addition of warmed thrombokinase suspension was taken as the PT. Results of this study 
revealed that the most potent compound of the synthesized derivatives was 4-(3-bromo-phenyl)-6-(4-hydroxy-2-oxo-2H-
chromene-3-yl)-2-oxo-1,2-dihydro-pyridine-3-carbonitrile (4), which shows higher anticoagulant activity (PT(s) 21.30) than 
warfarin (PT(s) 14.60). However, Anticoagulant activity was also associated with toxicity by the all synthesized compounds. 
Conclusion and practical importance: Synthesized coumarins (3 and 4) increased PT when compared to saline treated control 
group and other coumarins. They are potentially antithrombotic drug candidates for further elaboration. Compounds 3 and 4 
need to be further tested for the side effects so that they can be introduced into clinical trials.  
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1. Introduction  

Coumarins are one of the most significant families of 
natural product compounds and can be found in many 
plants as secondary metabolites. Chemically, coumarins 
belong to the subgroup of lactones (Nikhil et al., 2012). 
There is a large number of coumarin derivatives, namely 
natural and synthetic coumarin, which associated with 
various types of biological activities, such as anti-
inflammatory, anticancer, antioxidant, anti-HIV, as well as 
anti-coagulant (Murray et al., 1982; Kostova, 2005; 
Kontogiorgis and Hadjipavlou-Litina, 2005; Yuce et al., 
2009; Fernanda et al., 2015). Coumarins and their 
derivatives are principal oral anticoagulants, and this is 
attributed to their competitive inhibition effect on vitamin 
K in the biosynthesis of prothrombin (Beillerotet al., 2008; 
Ozkanet al., 2010). Clinically, coumarine derivatives are 
the precursors of several anticoagulants, particularly 
warfarin, which is the most commonly used oral 
anticoagulant medication. All of the above information has 
been the motivation to conduct the current study. 
Chemically, coumarins are extremely variable in structure 

due to the different types of substitutions in their basic 
structure. In this context, the aims of this study were to 
report the synthesis of some coumarin derivatives, 
including, 4-aryl-1,2-dihydro-6-(4-hydroxy-2-oxo-2H-
chromene-3-yl)-2-oxopyridine-3-carbonitriles and then to 
evaluate their anticoagulant activities, in comparison to 
that of commercially anticoagulant drug warfarin. 

2. Metarial and Method 

All reactions were performed under an atmosphere of 
argon in oven-dried glassware. Anhydrous solvents for 
reactions were obtained by filtration through activated 
alumina or by storage over molecular sieves (4 Å). Phenol 
(Sigm-Aldrich, Switzerland), 4-hydroxy-coumarin (Sigm-
Aldrich, Switzerland), oxychloride-phosphorus (Sigm-
Aldrich, Switzerland), chloride-zinc anhydride (Sigm-
Aldrich, Switzerland), malonic acid (Sigm-Aldrich, 
Switzerland), glacial acetic acid (Sigm-Aldrich, 
Switzerland), sodium carbonate (Sigm-Aldrich, 
Switzerland),  3-nitrobenzaldehyde (Sigm-Aldrich, 
Switzerland), 3-bromobenzaldehyde (Sigm-Aldrich, 
Switzerland), ethyl cyanoacetate (Sigm-Aldrich, 
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Switzerland), ammonium acetate (Sigm-Aldrich, 
Switzerland), ethanol (Sigm-Aldrich, Switzerland), 
methanol (Sigm-Aldrich, Switzerland) and warfarin 
(Merck & Co, Germany) were used as reagents in the 
chemical reactions. IR spectra were recorded with the IR 
spectrophotometer (IR Perkin Elmer 297). The naming of 
the structures was done by the ChemDraw program, 
545.1H-NMR spectra were recorded on a 300 MHz NMR 
spectrometer instrument (Bruker AC 300). Mass spectra 
were recorded on an AutoSpeq Q VG with ionization 
energy of 70ev. 

2.1. Synthesis of 4-hydroxycoumarin (1) 

Firstly, phenol (0.01 mol), malonic acid (0.01 mol), 
oxy-chloride phosphorus (40 ml) and zinc chloride-
anhydride (30 g) were heated in a water bath at 70 °C for 
12 hours. Thereafter, this reacted mass was cooled and 
poured into ice. Then, the solid cooled mass was dissolved 
in 10% sodium carbonate and filtered. 4-
Hydroxycoumarine, white precipitate, was obtained by 
acidification of the filtrate. The reaction yield was 98%. 
The melting point of the synthesized compound 
corresponds to the literature data 211 – 213 0C (Naveen et 
al., 2006). 

2.2. Synthesis of 3-acetyl-4-hydroxy-coumarin (2) 

12.5 ml of POCl3 was added to the 8.1 ml solution of 4-
hydroxy-coumarin in 45 ml of glacial acetic acid. The 
mixture was refluxed for 2 hours. After cooling, a 
voluminous white precipitate was obtained which was 
filtered and dried. The precipitate was recrystallized from 
methanol and 3-acetyl-4-hydroxycoumarine was obtained 
as a white to yellow substance with needle-shaped crystals, 
as shown in Figure 1. The melting point corresponds to the 
data in the literature 210 0C (Al-ayed, 2011; Dholakia et 
al., 1968). Yields 80%. 

 
Figure 1. Crystals of compound 2. 

2.3. Synthesis of 6-(4-hydroxy-2-oxo-2H-chromene-3-
yl)-4-(3-nitro-phenyl)-2-oxo-1,2-dihydropyridin-3-
carbonitrile (3) 

3-Acetyl-4-hydroxy-coumarin (1g, 5mmol) was mixed 
with 0.75g (5 mmol) 3-nitro-benzaldehyde in 20 ml 
ethanol. In this mixture, 0.57ml ethyl acetate and 0.75g 
(10mmol) ammonium acetate were added. The mixture 
was refluxed for 4hours. The yellow precipitate (Figure 2) 
was recrystallized from ethanol or methanol. Melting point 
223 0C. Yields 72%. IR (KBr, ט cm-1): 3450. 3300. 3030, 
2950, 2200, 2000, 1750, 1520, 1340.1H-NMR (300 MHz, 
DMSO): δ 5.63 (s, 1H, C-H), 7.20-8.23 (m, 9H), 13.33 (s, 

1H, OH). HRMS (ESI): m/z [M + H]+ calcd for 
C21H12N3O6 402.0681, found 402.0683. 

 
Figure 2. Crystals of compound 3. 

2.4. Synthesis of 4-(3-bromo-phenyl)-6-(4-hydroxy-2-
oxo-2H-chromene-3-yl)-2-oxo-1,2-dihydropyridin-3-
carbonitrile (4) 

3-Acetyl-4-hydroxy-coumarin (1g, 5 mmol) was mixed 
with 3-bromo-benzaldehyde (0.95g, 5 mmol) in 20 ml 
ethanol, and another 0.57 ml ethyl acetate and 0.75g (10 
mmol) ammonium acetate was added in the mixture. The 
mixture was refluxed for 5 hours. White precipitates were 
recrystallized from ethanol to obtain white crystals as in 
Figure 3. Melting point 215 0C. Yields 64%. IR (KBr, ט 
cm-1): 3450, 3030, 2950, 2240, 1750, 750-800.1H-NMR 
(300 MHz, DMSO): δ 5.71 (s, 1H, C-H), 7.19-8.20 (m, 
9H), 13.50 (s, 1H, OH). HRMS (ESI): m/z [M + H]+ calcd 
for C21H12BrN2O4434.9903, found 434.9969.  

 
Figure 3. Crystals of compound 4. 

2.5. Animals and treatment protocol 

Male laboratory mice of the type Mus musculus swiss 
albino aged 12-17 weeks (Figure 4A) were used to 
measure the anticoagulant effect of the synthesized 
compounds. Male laboratory rats weighing 130–160 g 
were obtained from the Experimental Animals Unit of the 
Departament of Biology at the University of Prishtina. The 
study was approved by the Prishtina University 
Committee. The animals were housed in stainless steel 
cages in a room at 23 ± 2 0C under 12 h dark/light cycles. 
After arrival, all the rats were fed standard rat chow for 7 
days. Rats were given free access to food and water.  
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The synthesized compounds were mixed with 0.9% 
NaCl solution. Gastric tube was used for oral 
adminestration of prepared -solutions of warfarinё (1 
mg/kg) and synthesized compounds 3 and 4 (20 mg/kg), 
respectivly (Figure 4B). The rats were then allowed to 
stand for 24 h in order for the substances to achieve the 
desired effect before analysis. 

 

 
Figure 4. A) Mice (Mus musculus Swiss albino), B) Treatment 
with intragastric tube. 

Then the rats were randomly divided into 5 groups as; 
Group I: 4-hydroxy coumarin (1) (n = 5), Group II: 6-(4-
hydroxy-2-oxo-2H-chromene-3-yl)-4-(3-nitro-phenyl)-2-
oxo-1,2-dihydropyridin-3-carbonitrile (3) (n = 5), Group 
III: 4-(3-bromo-phenyl)-6-(4-hydroxy-2-oxo-2H-
chromene-3-yl)-2-oxo-1,2-dihydropyridin-3-carbonitrile 
(4) (n = 5), Group IV: warfarin (n = 5), Group V: control 
(n = 5). 

2.6. Drug administration and prothrombin time 

Drugs dissolved in saline were administered to the 
coumarin treated groups (Groups I, II and III) and warfarin 
treated group (Group IV) by oral gavage route for a single 
time with a dose of 20 mg/kg and 1 mg/kg, respectively 
(Figure 4B). For the control group (Group V), the vehicle 
used was saline solution. After 24 h, the animals were 
anaesthetized with ethyl ether by inhalation and blood 
samples were immediately collected through cardiac 
puncture into a tube containing 1:9 volume 3.8% g sodium 
citrate. The blood was then centrifuged (Denley DJB 
Labcare Ltd., BS 400, Buckinghamshire, UK) for 15 min. 
The separated plasma was transferred to a test tube kept in 
a water bath (Clifton Nickel-Electro Ltd., Digital Shaker 
Bath, North Somerset, UK) at 37 0C. The anticoagulant 
activity of coumarins was determined by using Stago- 
Neoplastine CI Plus Kit (Diagnostica Stago, Asnieres, 

France). The time for plasma to solidify following the 
addition of warmed thrombokinase suspension was taken 
as the prothrombin time (PT), as described by Ozkan,et al. 
(2010). 

2.7. Statistics Analysis 

All statistical analysis was carried out using GraphPad 
Prism 4.0 (GraphPad Software, San Diego, CA. USA). 
Groups of data were compared with two-tailed t test. 
Values of p < 0.05 or p < 0.01 were regarded as significant 
or highly significant, respectively. 

3. Results and Discussion 

3.1. Synthesis of coumarine derivatives 

4-Hydroxycumarine derivatives are synthesized 
according to scheme 1, using procedure described by 
Abdelhafez, et al., (2010). Structure of the synthesized 
compounds has been verified on the basis of data obtained 
from the NMR, MS and IR spectra. 

OH HO

O O
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O O
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OH O

N
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1 2

3 and 4
Scheme 1. The strategy for the synthesis of coumarin derivatives 
with anticoagulant properties. 

By reaction of phenol with malonic acid in the presence 
of oxychloride-phosphorus and anhydride zinc chloride, 
compound 1 was obtained. The structure of the 
synthesized compound 1 is verified by the melting point. 
The melting point corresponds to the literary data 211-213 
0C (Naveen et al., 2006). By reaction of 4-
hydroxycoumarin with glacial acetic acid in the presence 
of POCl3, a white to yellow precipitate of 2 was obtained 
according to the above reaction (Scheme 1). Also, the 
melting point of 2 corresponds to the literary data 210 0C 
(Al-ayed, 2011; Dholakia et al., 1968). In the IR spectrum 
of this compound, a characteristic signal in the interval 
3100-2500cm-1 has appeared which has resulted from the 
stretching vibrations of the group ט (-OH). The stretching 
vibrations ט (C-H) of the aromatic system and the ט (C-H) 
stretching vibrations of the methylene group are displayed 
with weak intensities at 2750 cm-1 and 2550 cm-1. In the 
range 1800-2000cm-1, a series of weak absorptions have 
appeared resulting from overtones that are characteristic of 
the aromatic ring. Also, the peak in the range 1600cm-1 is 
characteristic of the stretching vibrations ט (C=C). At 1750 
cm-1, a characteristic adsorption of the (C=O) group of 
carbonyl compounds has been shown, whereas the peak in 
the range 1250 cm-1 is characteristic of the stretching 
vibrations of the C-O bond. 

The reaction of the compound 2 with 3-nitro-
benzaldehyde in the presence of ethylcyanoacetate, a 
compound 3 as yellow precipitate was obtained according 
to the reaction shown in Scheme 2. 
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Scheme 2. Synthesis of compound 3. 

In the IR spectrum of this compound these 
characteristic absorptions have appeared. At 3450 cm-1 the 
absorption peak for vibration of N-H group is shown, 
while at 3300 cm-1 the absorption peak of the OH group is 
shown. Aromatic ט (C-H) stretching vibrations are 
displayed at 3030 cm-1 and aliphatic stretching (CH) 
vibrations at 2950 cm-1. At 2200 cm-1 a weak peak has 
appeared as a result of (C≡N) stretching vibrations. At 
1750-2000 cm-1 the characteristic overtones for the 
aromatic system have appeared. Vibrations ט (NO2) 
asymmetric stretching and ט (NO2) symmetrical stretching 
are shown at 1520 cm-1 and 1340 cm-1. 

By reaction of 2 with 3-bromo benzaldehyde in the 
presence of ethylcyanoacetate, ammonium acetate and 
ethanol a new product 4 with crystal structure was 
obtained according to the reaction shown in Scheme 3. 

O

OH O

O
+

OH

Br

NCCH2COOC2H5

CH3COONH4/EtOH

O O

OH

N
H

O

C N

Br

Scheme 3. Synthesis of compound 4. 

In the IR spectrum of this compound, these 
characteristic absorptions have appeared. At 3450 cm-1 a 
peak with average intensity characteristic for the ט (N-H) 
stretching vibrations of the secondary amines is shown. At 
3030 cm-1 ט (C-H) aromatic stretching vibrations appeared 
and at 2950 cm-1 (C-H) aliphatic vibrations. At 2240cm-1 
an intense peak has appeared resulting from (C≡N) 
stretching vibrations. At 1725 cm-1 a characteristic peak 
for stretching vibration (C=O) has appeared, whereas two 
symmetrical signals in the range 750 -800 cm-1 are 
characteristic of monosubstituted aromatic ring. 

3.2. Prothrombin time 

PT values for the groups are given in Table 1. PT was 
higher in all groups when compared to control; however, it 
was significantly higher in the 4 treated and warfarin 
treated groups than in the control group (p < 0.01). 

Thromboembolism is an important cause of morbidity 
and mortality. To prevent vascular death ensuing from 
thrombosis, oral administration of anticoagulant drugs is 
one of the most important treatments. Vitamin K 
antagonists such as warfarin, acenocoumarol and 
phenprocoumarin are the main anticoagulant drugs 
producing an anticoagulant effect by interfering with the 
cyclic inter-conversion of vitamin K and its 2,3-epoxide 
(D’Andreaet al., 2008). Warfarin is the most widely used 

coumarin oral anticoagulant because its onset and duration 
of action are predictable. The maintenance dosage of 
warfarin varies between 1 and 30 mg/kg daily (Hirsch et 
al., 1992). After 24–48h of starting warfarin, the INR 
(International Normalized Ratio) begins to rise (Gage and 
Milligan, 2005). Coumarins exert their effects in vivo only 
after a latent period of 4–12 h, and their effect lasts for 
1.5–5 days (Hirsch and Fuster, 1995). The anticoagulant 
activity of coumarins blocking the prothrombin 
biosynthesis by inhibition of vitamin K-epoxide reductase 
is closely dependent on the presence of a hydroxyl group 
in position 4 and a highly lipophilic substituent in position 
3 of the benzopyrano moiety (Manolov and Danchev, 
1995). On the other hand, despite the lack of the 
aforementioned structural requirements, a similar 
mechanism of action is reported to take place for the 
anticoagulant 1,3-indandione derivatives (Bruno et al., 
2006; Arora and Mathur, 1963). 

From the preliminary anti-thrombotic activity screening 
studies done in our laboratory, we decided to use a single 
dosage of 20 mg/kg and blood samples were collected 24h 
after the administration of the synthesized coumarins. As 
shown in Table 1, the PT of all groups increased. 
However, the PT was significantly higher in the 4 treated 
group when compared to the warfarin group. 

Table 1: Effect of the coumarins derivatives on prothrombin time 
of the rats 24 h after single oral administration. 

 Group I Group 
II 

Group 
III 

Group 
IV 

Group 
V 

Prothrombin 
time (PT) (s) 

11.30 20.80* 21.30* 14.60* 9.16 

Standard 
deviation/ 
Standard 
error 

0.63/0.30 0.54/0.24 0.38/0.15 0.39/0.16 0.15/0.07

Values are given as mean and standard deviation 
(SD), standard error (SE). Group I was treated with 
4-hydroxycoumarin (20 mg/kg), Group II with 6-(4-
hydroxy-2-oxo-2H-chromene-3-yl)-4-(3-nitro-
phenyl)-2-oxo-1,2-dihydropyridin-3-carbonitrile (3) 
(20 mg/kg),4-(3-bromo-phenyl)-6-(4-hydroxy-2-
oxo-2H-chromene-3-yl)-2-oxo-1,2-dihydropyridin-3-
carbonitrile (4) (20 mg/kg), Group IV with warfarin 
(1 mg/kg), while Group V was treated with saline 
(control).* Significant difference between control 
and treated sample: p < 0.01 (by 2-tailed t-test); n = 
5. 

Compound 4 is a potential compound as an 
antithrombotic drug for further elaboration. 

After injection of synthesized compound 3 in mice, we 
have seen stereotypical behavior (increased locomotors 
activity repeated in uninterrupted series) as shown in 
Figure 5A. Also, in animals, treated with compound 3, 
changes in the intestinal tract were observed, which 
appeared with diarrhea (liquid feces) (Figure 5B). The 
increased secretion of the eye and edema of the eyelids 
was observed as another symptom. Mice treated with 
compound 3 had milky white secretion from the tear duct 
and increased eyelid edema up to total eye closure (Figure 
5C). 
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Figure 5. Some of the toxic effects presented in the tested mice, 
A) edema of the eyelids, B) diarrhea, C) increased secretion in the 
eye. 

Mice treated with compound 4 had almost identical 
intestinal symptoms. All other behavioral or visual system-
related symptoms were not present in mice treated with 
compound 4. 

The commercial drug, warfarin, had the same 
symptomatology as that of the group of mice treated with 
compound 3, except that the symptoms were not as high. 
In particular, no changes in behavior were recorded. 

Based on these results as well as the results obtained 
from Table 1, we see that these derivatives show in vivo 
anticoagulant potential. On the other hand, in addition to 
anticoagulant activity, these derivatives have been 
associated with high toxic effects, which is another 
problem that requires further study.  

4. Conclusion 

In conclusion, the PT value of 6-(4-hydroxy-2-oxo-2H-
chromene-3-yl)-4-(3-nitro-phenyl)-2-oxo-1,2-
dihydropyridin-3-carbonitrile (3) and 4-(3-bromo-phenyl)-
6-(4-hydroxy-2-oxo-2H-chromene-3-yl)-2-oxo-1,2-
dihydropyridin-3-carbonitrile (4) were higher than that of 
warfarin. Based on the anticoagulant activity, they are a 
potentially antithrombotic drug candidate for further 
elaboration. As a result of this work, we concluded that 
these derivatives showed satisfactory anticoagulant 
potential, but that anticoagulant ability was closely related 
with toxicity. We recommend working on these derivatives 
by changing their structures with the aim to decrease their 
toxic effects. 
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Abstract 

Enzymes immobilization has been widely used to increase their shelf life which is essential for the world’s industries. 
Therefore, milk clotting enzyme (MCE) from Bacillus circulans 25 was immobilized by covalent binding, ionic binding and 
entrapment methods using various carriers. MCE covalently immobilized on activated chitosan polymer with the 
bifunctional agent glutaraldehyde (Ch-MCE) exhibited highest immobilization yield (74.6 %) and highest retained activity 
(77 %). The effect of temperature and pH on the enzyme activity was evaluated, and the results showed that Ch-MCE had 
higher optimum reaction temperature by 10°C and higher optimum pH by 1.0. Compared to the native MCE, Ch-MCE 
exhibited lower activation energy by 1.4-fold. In addition, Ch-MCE exhibited higher half-life time, lower deactivation rate 
constant and higher energy for denaturation than the free enzyme. After immobilization, Vmax, KM, specificity constant, 
turnover number, and catalytic efficiency of the enzyme were significantly changed. Furthermore, thermodynamic 
parameters for denaturation (enthalpy, entropy and Gibbs free energy) confirmed that the immobilization improved the 
catalytic properties of MCE. The reusability of Ch-MCE was also assessed, and 90.4% of its activity was retained after 7 
catalytic cycles, confirming its suitability for industrial applications. Immobilization helps to overcome the limitations of 
reducing MCE catalytic activity associated with changes in temperature, pH and inhibitors, which makes it useful in 
industrial applications and biotechnological processes. 

Keywords: Milk clotting enzyme, immobilization, stability, thermodynamic, catalytic, kinetics,   reusability. 
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1. Introduction 

Microbial rennin is more acceptable in cheese 
production as an alternative to chymosin from newborn 
ruminants due to ethical problems and increased demand 
for cheese making (da Silva, 2017). Rennin acts in two 
stages for milk protein coagulation by specific hydrolysis 
of peptide bond (Phe105-Met106) of κ-casein (da Silva, 
2017). Recently, there have been additional applications of 
proteases in dairy technology to accelerate the ripening of 
cheese which is the most complex and important process 
for the development of favorable flavor and texture (Afroz 
et al., 2015). Industrial applications of enzymes have been 
restricted by several factors such as the high cost, 
instability at high pH and temperature, and their 
availability in small amounts (Duman and Bayer, 2021). In 
addition, the use of soluble enzymes has some drawbacks 
that increase the consumption of enzymes as inactivation, 
reduction of catalytic stability and difficulty of removal 
from the mixtures. These problems can be overpowered by 
immobilizing the enzyme on insoluble solid support. 
Enzyme immobilization is considered an effective 
technique which not only stabilizes enzymes under 
operating conditions but also allows enables reuse and 
continuous use (Wehaidy et al., 2018). A proper enzyme 

immobilization is a powerful tool to improve enzymatic 
properties, such as resistance to drastic reaction conditions, 
enhanced enzyme activity, improvement of enzyme 
specificity, and may even be coupled to purification. 
Enzymes can be immobilized by adsorption, entrapment, 
covalent binding and ionic binding methods. However, 
immobilization by covalent binding is the most effective 
procedure in establishing enzymes and preventing enzyme 
leakage due to the formation of irreversible covalent bond 
between support and the enzyme (Eskandarloo and 
Abbaspourrad, 2018). Covalent binding consists of two 
steps: first one, activation of functional groups found on 
the support surface by a specific reagent as glutaraldehyde 
(GA); and the second, adding enzyme to form covalent 
bond with activated support. In the coupling reaction, these 
activated groups will react with strong electron donating 
nucleophiles, such as the amino group (NH2) and 
functional groups of certain amino acids on the surface of 
most enzymes (such as carboxylic group (COOH) of 
aspartic acid,  amino groups (NH2) of lysine, hydroxyl 
group (OH) of serine, and sulfhydryl group (SH) of 
cysteine). Immobilization can be performed using different 
supports whose properties play an important role in 
enzyme behavior. Desired properties of the insoluble 
supports include low-cost, non-toxic, high surface area, 
reusable and good stability (Narwal et al., 2016). Since 
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there is no universal support suitable for all enzymes and 
all applications, it is important to examine different 
supports using different methods of enzyme 
immobilization. Chitosan is one of natural polymer 
(polysaccharides) derived from chitin by deacetylation 
process and has excellent biocompatibility, no toxicity, 
cheapness, high mechanical strength, and a susceptibility 
to chemical modifications (Salazar-Leyva et al., 2017; 
Yandri et al., 2020). One common approach for enzyme 
immobilization on chitosan is through multipoint covalent 
binding between the functional groups present on the 
surface of an activated chitosan by cross-linking agents 
such as GA and the surface functional groups of the 
enzyme protein. When an enzyme becomes immobilized 
through many surface residues on a rigid support through 
very short spacer arms, important stabilizing effects may 
be achieved. Thermodynamics act as a key tool to 
understand the thermal deactivation process. Estimation of 
the thermodynamic parameters of the enzyme as enthalpy 
(∆H*), entropy (∆S*), and the Gibbs free energy (∆G*) 
can provide useful information as enzyme behavior, 
activity and thermostability. The suitability of enzymes for 
industrial application is judged by their thermodynamic 
parameters (Zaboli et al., 2019). Using free rennet to make 
cheese is not successful due to enzyme loss in whey, poor 
enzyme distribution, low yield, and poor cheese quality. 
So, the present study reports the immobilization of 
B.circulans 25 MCE and characterization of its catalytic, 
kinetics and thermodynamic parameters. Finally, evaluate 
the ability and reusability of Ch-MCE to form milk curds. 

2. Materials and methods  

2.1. Materials  

Chitosan, Chitin, Dowex 1x4, Dowex 50W, Amberlite 
IR-120, Alumina, DEAE- sephadex A-25 and DEAE-
cellulose DE-52 were obtained from Sigma Chemical Co., 
USA. Sodium alginate was supplied from BDH Chemical 
Ltd., Poole, England. Ceramic, wool and chicken bones 
were collected from the local market in Egypt. Skim milk 
powder spray dried (heat treated grade) was made in USA 
and obtained from the Ministry of Agriculture, Giza. 
Egypt. Other chemical reagents used were of analytical 
grade. 

2.2. Methods 

2.2.1. Enzyme production 

MCE from B.circulans 25 has been produced according 
to the previous work (Ahmed et al., 2018). The medium 
used for MCE production had the following composition 
(g/L): lactose 20, yeast extract 1, peptone 1, K2HPO4 2 and 
MgSO4.7H2O 0.25, and the pH was adjusted to 6.0 prior to 
sterilization. One mL of cell suspension of 24 h-old slant 
(OD600~0.3) was transferred to 50 mL sterile medium in 
250-mL Erlenmeyer flask. The flasks were incubated at 
35°C and 180 rpm for 24 h. The broth media after 
incubation was centrifuged at 6000 x g and 4°C for 15 min 
and the cell free filtrate was considered as source of crude 
enzyme. 

2.2.2. Milk clotting activity and protein determination 

Milk clotting activity was estimated according to 
Narwal et al. (2016) method. Enzyme solution (2.5 mL) or 

certain weight of Ch-MCE was incubated with 10 mL 
skim milk (12 g dry skim milk/100 mL of 0.01 M CaCl2) 
at 40°C. The time at which the first particles were formed 
was recorded. The time at which the first particles were 
formed was recorded by a stopwatch. One unit of the MCE 
activity (U) was equalized to 10 mL milk clotted within 10 
min. The protein content of the MCE preparation was 
estimated by the method of Lowry et al. (1951) using 
bovine serum albumin (BSA) as standard. The amount of 
immobilized protein was calculated by subtracting the 
amount of unbound protein from the amount of protein 
originally added for immobilization. 

2.2.3. Enzyme immobilization 

Immobilization yield (IY %) and immobilization 
efficiency (IE %) were calculated according to Abdella et 
al. (2020) to select the suitable carrier and method. 

Immobilization yield (%) = I/ (A–B) X100                                 (1) 

Immobilization efficiency (%) = (I/A) X 100                              (2) 

Where: I (total activity of immobilized enzyme), A (total activity 
offered for immobilization and B (total activity of unbounded 
enzyme). 

2.2.3.1. Immobilization of MCE by covalent- binding  

Chitosan beads were prepared by shaking 0.4 g 
chitosan in 5 mL of 0.01 M HCl containing GA (2.5 %) at 
30°C for 2 h. The beads were precipitated using 0.1 N 
NaOH, collected by filtration, and washed with distilled 
H2O (to remove the excess GA). Then 5 mL enzyme 
solution (440U) was mixed with the wet beads by gently 
shaking. After 2 h at 30°C, the unbounded enzyme was 
removed by washing with distilled H2O until no activity 
was detected. One gram of other carriers (chitin, wool, 
chicken bone, As-alumna, ceramic or PVC) was shaken in 
25 mL Tris–HCl buffer (0.01 M, pH 6.0) containing 2.5 % 
GA at 30°C for 2 h. The carriers were filtered off, and 
washed with distilled H2O to remove the excess GA. Then 
each treated carrier was incubated with Tris HCl buffer (5 
mL, 220 U of MCE). After incubation at 30°C for 2 h, the 
unbounded enzyme was removed by washing with distilled 
H2O (Abdel-Naby et al., 1998). 
2.2.3.2. Immobilization of MCE by ionic- binding  

The anion or cation exchanger (1 g) equilibrated with 
phosphate buffer (0.1 M, pH 6.0) or Tris-HCl (0.1 M, pH 
8.0) and was incubated for 16 h at 4°C with certain volume 
of the enzyme solution (50 U) in the same buffer 
(Eskandarloo and Abbaspourrad, 2018). The unbounded 
enzyme was removed by washing with the same buffer. 
2.2.3.3. Immobilization of MCE by alginate entrapment 

In this experiment, 10 mL of different concentrations of 
Na-alginate solution were mixed with equal volume of 
enzyme solution (200 U) to obtain final concentration 
range of 2-8 % (w/v). The whole mixture obtained by 
sodium alginate was extruded drop wise through a Pasteur 
pipette into a gently stirred 0.1 M CaCl2 solution for 2h. 
The resulting beads with a diameter of ~1.0-1.5 mm were 
collected, washed with buffer, and kept for 24 h at 4°C to 
remove the unbound enzyme (Dey et al., 2003). 
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2.2.4. Characterization of free and chitosan immobilized 
MCE 

2.2.4.1. Optimum pH and pH stability 

The effect of pH on the activity of free and Ch-MCE 
was investigated in 0.01 M buffer with different pH values 
(4.5 – 8.5). The relative activity was calculated according 
to Eq.3.  
Relative activity (%) = (A1/A2) X 100                                        (3) 

Where: A1 (activity detected under the certain condition and A2 
(activity detected under the optimal condition). 

The stability to pH was investigated by pre-incubating 
enzyme samples in 0.01M tris - HCl buffer with pH 
ranging from 5.0 to 9.0 at 25°C for 1h followed by 
adjusting the pH to the optimal of each enzyme form. The 
residual (retained) activity was assayed under the standard 
conditions and calculated to according to Eq.4. 
Residual activity (%) = (Af / Ai) × 100                                       (4) 

Where: Af (final activity detected) and Ai (initial activity 
detected).  

2.2.4.2. Optimum temperature and thermal stability  

The enzyme samples in 0.01M tris - HCl buffer at pH 
6.0 and 7.0 (for free and Ch-MCE), respectively were 
subjected to different temperatures (from 30°C to 100°C). 
The activation energy (Ea) was estimated from the slope of 
Arrhenius plot of log the residual enzyme activity (%) 
against reciprocal of absolute temperature in Kelvin (°K) 
according to Eq.5. 
Slope = - Ea / 2.303 R                                                               (5) 

Where: Ea (activation energy) and R (gas constant 1.976 Kcal/ 
mol). 

Temperature coefficient value (Q10), the rate of an 
enzymatic catalysis reaction changes for every 10 °C rise 
in temperature, was calculated as reported by Wehaidy et 
al. (2018) as Eq.6. 
  Q10= antilog E = (E x10/RT2)                                                    (6)  

  Where E = Ea = activation energy 

For thermal stability, free and Ch-MCE were heated at 
different temperatures (40–80°C) in the absence of 
substrate for different time intervals (15–120 min). Every 
15 min, a sample was removed and the residual activity 
was estimated under standard assay conditions. The 
enzyme activity without heating was taken as 100%. 
Deactivation rate constant (kd) was determined according 
to Eq.7 from the semi logarithmic plot of residual activity 
(%) versus time (min) (Singh et al., 2019).  
Slope = - kd                                                                                 (7)                                                    

Half-life (t1/2) value of inactivation is given according 
to Eq.8. 
t1/2= ln2/ kd                                                                                   (8) 

The energy for denaturation of enzyme (Ead) was 
calculated from Arrhenius plot of (ln kd) as a function of 
(1/T) temperature in Kelvin (°K) using the following in 
Eq.9. 
Slope = −Ead/ R                                                                           (9 ) 

2.2.4.3. 2.2.4.3. Effect of substrate concentration  

Both the free and Ch-MCE activities were assayed with 
different substrate concentrations ranged from 1 to 12 % 
(w/v) at optimal assay conditions. Michaelis–Menten 
constant (KM) and maximum velocity (Vmax) were 
estimated from Lineweaver and Burke (1934). In addition, 

the turnover number (kcat ), catalytic efficiency (kcat / KM), 
specificity constants  

(Vmax / KM), free energy of substrate binding (∆G*E−S) 
and free energy of transition state binding (∆G*E−T) were 
estimated according to Wehaidy et al. (2018) as Eqs. (10-
15). 
kcat  = (kbT / h) x e (-ΔH*/RT) x e (ΔS*/R)                                                                          (10) 

Where:  kb (Boltzmann’s constant =1.38×10−23 J/ K), T (absolute 
temperature (°K), h (Planck’s constant =6.626×10−34 Js), N 
(Avogadro’s number =6.02×1023/ mol), and R (Gas 
constant=8.314 J/ K/ mol). 

ΔH* (Enthalpy) = Ea – RT                                                          (11) 

ΔG* (Gibbs free energy of activation) = -RT ln (kcat h / kb x T) (12) 

ΔS* (Entropy) = (ΔH*- ΔG*) /T                                                 (13) 

ΔG* E-S (Free energy of substrate binding) = -RT ln Ka , where Ka = 

1/ KM              (14) 

ΔG* E-T (Free energy for transition state formation) = -RT ln (kcat / 
KM)            (15) 

2.2.4.4. Effect of metal ions  

The metal ions (ZnSO4, CoCl2, CaCl2, MnSO4, CuSO4, 
MgSO4, and HgCl2) were added individually (10 mM) to 
the reaction mixture. Both free and Ch-MCE activities 
were assayed under optimal assay conditions.              

2.2.5. Suitability of Ch-MCE in making cheese 
(reusability)   

A weight sample (4 g) of Ch-MCE (wet) was placed in 
a bag of muslin. The bag was immersed in skim milk 
solution (10 mL). The mixture was incubated at 85°C until 
forming the colt. At the end of the reaction, the bag 
containing Ch-MCE was removed from the colt, washed 
with H2O, and re-suspended in a freshly prepared substrate 
(10 mL) to start a new run. 

3. Result and discussion  

The efficiency of enzyme immobilization was 
evaluated by different parameters including the residual 
activity (RA %), the immobilization efficiency (IE %), the 
loading efficiency LE (immobilized enzyme activity/gram 
carrier); however, the IY (%) is the key parameter that it 
represents the general output of the immobilization process 
efficiency. 

3.1. Enzyme immobilization 

3.1.1. Immobilization of MCE by covalent- binding 

Immobilization of MCE by covalent-binding was 
achieved by cross-linking between the enzyme and 
activated carriers throughout GA as a spacer group. 
Abdella et al. (2020) explained that the interaction 
occurred between the NH2 groups (in the enzyme protein 
molecule) and the free C=O group (located on GA) 
forming C=N– bond. In the case of chitosan, the used 
amount of MCE was higher than that used for other 
carriers due to its higher loading efficiency. The data 
presented in Table 1 indicated good IY and LE, especially 
with chitosan (74.6 % and 315.0 U/g carrier).  Our result is 
higher than that obtained by Esposito et al. (2016) on 
immobilized MCE by 1.1-fold. Covalent binding is the 
best method regarding to the strength of the interactions, 
reduce protein leakage (due to the formation of stable 
cross- linking between the enzyme and the carrier via 
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spacer group). In addition, side chains of several amino 
acids can form covalent bonds with carriers (Nwagu et al., 
2011). Moreover, covalent binding via spacer group may 
increase the local surface area and consequently reduced 
the protein crowding. Further, chitosan was preferred as a 
suitable carrier because it is cationic, biodegradable, inert, 
non-toxic and biocompatible compound (Hosseini and 
Varidi, 2021). 

3.1.2. Immobilization of MCE by ionic- binding 

A series of ion exchangers was used for the 
immobilization of MCE by ionic binding. The results in 
Table 2 showed that the most suitable ion exchanger for 
MCE immobilization is Dowex 50W with highest LE 
(19.0 U/g carrier) and highest IY (56.7 %). On the 
contrary, MCE immobilized on DEAE-Sephdex A-25 had 
no activity, which might be due to that the enzyme's active 
sites were involved in the fixation process. Similarly, 
Abdel-Naby et al. (1998) pointed to the low bound enzyme 
for protease immobilization by ionic binding.  

Table 1. Immobilization of B. circulans 25 MCE by covalent- 
binding. 

Table 2. Immobilization of B. circulans 25 MCE by ionic- 
binding.   

Carrier 
Added 
enzyme 
(U/g)(A) 

Un 
bounded 
enzyme 
(U/g)(B) 

Immobilized 
enzyme 
(U/g)(I) 

Immobilization 
yield (IY %) 

Dowex 50 
W 50.0 16.40 19.00 56.65 

Dowex 1x4 50.0 17.10 8.50 25.84 

Ambelite  
IR- 120 

50.0 23.80 10.00 38.17 

DEAE–
Cellulose 
DE-52 

50.0 39.80 3.30 32.35 

DEAE –
Sephadex 
A-25 

50.0 26.30 - - 

3.1.3.  Immobilization by alginate entrapment 

The most common method to prepare hydrogels from 
an aqueous alginate solution is to combine the solution 
with ionic cross-linking agents, such as divalent cations 
(i.e., Ca2+). MCE was immobilized by entrapment in Ca-
alginate with different concentrations as presented in Table 
3. The results showed that the LE was decreased from 37.2 
to 18 U/10 mL gel with the gel concentration increased 

from 2 to 8 %. This is probably due to the decrease of the 
gel porosity with the increase of Na-alginate concentration, 
and consequently the diffusion limitation was developed. 
Similar observation was previously reported for entrapped 
proteases (Abdel-Naby et al., 1998; Lamas et al., 2001). 
Hosseini and Varidi (2021) reported that decreasing 
alginate concentration from 0.2 to 0.04% increased the 
rennet encapsulation efficiency. The pore size of the gel, 
reflected in the viscosity of the carrier due to the size of 
the molecule and/or its concentration, can affect the 
diffusion of substrates or products and limit the reaction 
rates of the entrapped enzyme. Narwal et al. (2016) 
immobilized bacterial MCE in alginate-pectate interwoven 
gel with higher IY (73%). 

 

Table 3. Immobilization of B. circulans 25 MCE by entrapment 
in Ca-alginate.  

Na – alginate 
concentration 
(%) 

Added 
enzyme 
(U/10ml 
gel)  

(A) 

Un 
bounded 
enzyme 
(U/10ml 
gel) 

 (B) 

Immobilized 
enzyme 
(U/10ml 
gel) 

(I) 

Immobilization

 Yield 

 (IY %) 

2 200.0 9.00 37.20 19.48 

4 200.0 11.60 24.30 12.89 

6 200.0 13.90 21.10 11.34 

8 200.0 15.30 18.00 9.74 

3.2. Characterization of free and Ch-MCE 

Among all preparations, chitosan- immobilized MCE 
(Ch-MCE) gives the highest IY and the highest LE, 
consequently, in the following experiments Ch-MCE was 
used. Chitosan is a versatile, easily easily-to- process 
cationic biomaterial that can be widely used in many 
applications such as medical, tissue engineering, 
antibacterial dressings, and enzyme immobilization, due to 
its biological and chemical properties such as 
biodegradability, safety, and non-toxicity (El-Shishtawy et 
al., 2021; Hosseini and Varidi, 2021). Much scientific 
literature reported that in many cases of enzyme 
immobilization methods the protocol leads to losses in 
some enzyme activity. Ch-MCE retained 77 % of the 
initial specific activity shown by the free enzyme. The 
enzyme activity may decrease due to the corresponding 
changes caused by the immobilization (Siar et al., 2017). 
Also, the decrease in the specific activity may be due to 
the diffusional limitation of the substrate and product flow. 
Although GA creates very strong bonds between enzymes 
and carriers, it changes the structure of some enzymes 
during the binding process, causing loss of their activity 
(Salazar-Leyva et al., 2017).  

3.2.1. Effect of pH and pH stability of the free and Ch-
MCE  

The  pH  can  either  change  the  ionization  of the  
enzyme-substrate  complex  or  alter  the protein  structure  
of  the  enzyme. As illustrated in Figure 1, the 
immobilization shifted the optimum activity of the MCE 
from free 6.0 to 7.0. MCE. At higher pH values up to 8.0, 
the drop in activity was more pronounced with the free 
than that of the Ch-MCE. These effects may be due to the 
changes of the ionic microenvironment of the enzyme 
active site and /or distribution of the surface charges of the 
carrier after immobilization (Talbert and Goddard, 2012; 

Carrier 
Added 
enzyme 
(U/g)(A) 

Un bounded 
enzyme 
(U/g)(B) 

Immobilized 
enzyme 
(U/g)(I) 

Immobilization 
yield (IY %) 

Chitin 220.0 100.00 79.20 66.00 

Wool  220.0 131.40 49.75 56.15 

Chicken 
bones 

220.0 133.30 57.75 66.61 

Ceramic  220.0 122.40 51.06 52.31 

As-
alumina   

220.0 118.32 60.16 59.17 

PVC  220.0 131.92 54.89 62.32 

Chitosan  440.0 17.60 315.00 74.57 
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Pervez et al., 2017). These are due to the use of cationic 
carrier like chitosan which interacts with anionic groups on 
the enzyme surface. Pervez et al. (2017) reported that the 
pH in the immediate vicinity of enzyme molecule may 
change, depending upon the surface and residual charge on 
the solid support (chitosan is positively charged due to 
amino groups).  
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Figure 1.  Effect of pH on the activity of free MCE and Ch-MCE. 

The results in Figure 2 showed that the pH stability of 
Ch-MCE was shifted to higher pH values   compared to 
the free MCE. These results reveal the same trend as in the 
shift of the optimum pH. The results showed that covalent 
binding maintained the MCE catalytic activity especially 
in the case of alkalinity. Pervez et al. (2017) reported that 
immobilization decreases the inhibition of enzymes either 
by stabilizing the enzyme structure or by eliminating the 
inhibitor. Moreover, multipoint covalent attachment 
between the enzyme molecule and an activated carrier 
makes the structure of the enzyme more rigid, 
consequently decreasing conformational changes which 
can be induced by extreme pH (Salazar-Leyva et al., 
2017). Narwal et al. (2016) suggested that titratable acidity 
of milk should be between 0.19 to 0.25 % lactic acid 
equivalents (which correspond to pH from 5.0 to 6.5) at 
the time of adding an enzyme. Therefore, for industrial 
applications, the MCE should be stable between these pH 
ranges. 
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Figure 2.  pH stability of free MCE and Ch-MCE.  

3.2.2. Effect of temperature and thermal stability of the 
free and Ch-MCE  

As seen in Figure 3, immobilization increases the 
optimum temperature by 10°C which is probably a result 
of the thermal stability enhanced by immobilization. 
Covalent binding of enzyme onto chitosan enhanced the 
optimum temperature and stability of the biocatalysts for 
thermal inhibition (Salazar-Leyva et al., 2017). Hosseini 
and Varidi (2021) reported that free and immobilized 

rennet showed the highest activity at the same temperature 
(40 °C), and at higher temperatures there is a sharp 
decrease in the activity of the free enzyme compared to the 
immobilized enzyme.  
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Figure 3.  Effect of temperature on the activity of free MCE and 
Ch-MCE.  

The calculated Ea (Figure 4) indicated that the energy 
required to form the enzyme-substrate complex for the free 
enzyme (36.76 kJ/mol) was 1.4-fold higher than that 
required for the Ch-MCE (34.31 kJ/mol), confirming that 
immobilization improved the catalytic efficiency of the 
enzyme by lowering the energy required to make the 
activated complex of enzyme and substrate (Wehaidy et 
al., 2018). This result of Ea was lower by 1.7-fold than that 
obtained for immobilized Aspergillus fumigatus protease 
(Hernandez-Mariinez et al., 2011).  

Similar decrease in Ea was reported by El-Shishtawy et 
al. (2021) for the immobilization of catalase enzyme.  
Reduced Ea of the immobilized enzyme compared to free 
enzyme may be due to the mass transfer limitations 
(Thakrar and Singh, 2019). 

Although thermostable enzymes are more suitable for 
industrial applications than mesophilic enzymes, stability 
of MCEs for long times at mild temperatures is very 
important for their suitability in making cheese. The 
results in Figure 5 showed that the immobilization 
improved the stability of MCE to the thermal inhibition. 
After heating at 60°C, the Ch-MCE was stable up to 120 
min with 100 % residual activity whereas, the free MCE 
lost about 90.4 % of its initial activity. In addition, after 
heat treatment at 70°C for 90 min, the free MCE was 
completely inhibited; however, the Ch-MCE retained 40 % 
of its initial activity. The increase in enzyme stability after 
immobilization was possibly related to the higher rigidity 
of the immobilized form (Yang et al., 2017). The 
immobilized enzyme would be bound to the support via 
multipoint covalent bonds, and thus its structure would be 
rigid, and therefore it would be more resistant to the 
thermally induced denaturations which would reduce free 
enzyme activity (Wahba et al., 2021). In addition, the 
stability to heat inhibition enhancement after 
immobilization could be caused by the carrier that protects 
the enzyme from denaturation by absorbing a great amount 
of heat (Figueira et al., 2011).  
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Figure 4.Arrhenius plot for temperature dependence of the 
activity of free MCE and Ch-MCE. 
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Figure 5.  First-order plots of the effect of thermal inactivation of 
free MCE and Ch-MCE.  
 

      The calculated kd in Table 4 indicated that the 
stability of the Ch-MCE to the thermal inhibition was 
superior to that of the free MCE (the lower kd, the more 
thermo stable enzyme). For example, kd at 70°C for the 
free enzyme was higher by 3-fold than that of the Ch-
MCE. These results confirm the effectiveness of the MCE 
immobilization on chitosan for increasing the thermal 
stability. The decrease of kd value is predicted because the 
condition of the enzyme is less flexible than in water, so 
the unfolding of the enzyme is decreased, and the stability 
of the enzyme has increased (Yandri et al., 2020). In 
addition, t1/2

 of the Ch-MCE at 65, and 75°C were higher 
by 6 and 5-fold, respectively than that of the free MCE. 
The binding between the enzyme and the carrier reduces 
conformational flexibility and thermal vibration, thus 
protecting the immobilized protein from denaturing and 
unfolding by increasing the temperature (Figueira et al., 
2011).          

Table 4. Thermal properties of free and Ch-MCE. 

               Property  
Milk-clotting enzyme 

Free  immobilized 

Deactivation rate constant kd 
/ min, at  

  

60 °C 8.35  x 10-3 
Stable for 120 
min 

65 °C 13.5  x 10-3 1.97  x 10-3 

70 °C 21.167 x 10-3 4.45 x 10-3 

75 °C Unstable 10.09 x 10-3 

Half life time  t ½  (min), at    

60 °C 36.04 
Stable for 120 
min 

65 °C  22.29 152.79 

70 °C 14.22 66.88 

75 °C Unstable 29.83 

Energy for denaturation Ead 
(KJ/ mol) 

217.34 378.73 

 

    The Ead for Ch-MCE was greater by 161.39 kJ/ mol 

than that obtained for free MCE (Figure 6 and Table 4). 
This result indicated that immobilized form needed more 
energy for deactivation compared to the free form. The 
stability of enzymes is enhanced by the rigidification of 
their immobilized structure via the multipoint covalent 
linkages established between them and their supports 
(Wahba et al., 2021). The energy of thermal inactivation is 
an important factor to judge its thermal stability (Thakrar 
and Singh, 2019).     
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Figure 6. Arrhenius plot for activation energy of denaturation for 
free MCE and Ch-MCE.  

3.2.3.  Effect of substrate concentration  

In order to determine the kinetic parameters of the 
MCE, the activity of the free and Ch-MCE was measured 
at different substrate concentrations and the Lineweaver-
Burk was plotted. As seen in Figure 7, Ch-MCE provided 
KM 1.3-fold higher and Vmax 1.3-fold lower than the free 
MCE suggested that the main problem is just diffusion 
problems for the entry of the substrate inside the 
biocatalyst particle. Wahba et al. (2021) found that, the 
increase in KM indicates that the affinity of an enzyme for 
its substrate is decreased due to the resistance to mass 
transfer and the reduction of the immobilized enzyme 
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flexibility. Furthermore, decreasing the affinity of the 
immobilized enzyme may be due to the changes in the 
enzyme structure by the immobilization process or the 
reduction of substrate access to the active site of the 
enzyme (Pervez et al., 2017; Hosseini and Varidi (2021). 
The decrease in Vmax of immobilized enzymes could be 
attributed to the interactions between these enzymes and 
their respective supports which could reduce the flexibility 
of the enzymes (Wahba et al., 2021). In addition, the Vmax / 
KM of Ch-MCE was decreased by 1.6-fold compared to the 
free MCE (Table 5). Low Vmax / KM ratio specifies the 
smaller specificity of immobilized form for casein than the 
free MCE (Singh et al., 2019). Similar observations were 
reported by Cahyaningrum and Sianita (2014).  
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Figure 7.  Lineweaver-Burk Plot for free MCE and Ch-MCE.  

kcat represents the maximum number of reactions 
catalyzed per minute. The kcat of Ch-MCE was higher by 
1.5-fold compared to the free MCE (Table 5). The kcat / KM 
of free and Ch-MCE were 0.154 and 0.174 /S mg/mL, 
respectively, indicating that the immobilization technique 
enhanced the catalytic efficiency ~ 13 %. On contrary, 
Mafra et al. (2019) found that the immobilized enzyme 
catalytic efficiency was 34 % lower than the free form. 
The recorded data in Table 5 showed a decrease in the Ch-
MCE ΔH* compared to the free MCE. In addition, ΔS* for 
Ch-MCE was lower by 14.2 kJ/ mol than that of the free 
MCE. The lower ΔH* and the negative ΔS* values for Ch-
MCE pointed to the stability and the effective transitional 
state of the complex of enzyme-substrate (Wehaidy et al., 
2018). The ΔG* of a substance results from the stabilizing 
forces present in protein’s structure, such as Van der 
Waals interactions and hydrogen bonds. The higher ΔG* is 
associated with more tolerance toward heat inactivation 
(Zaboli et al., 2019). As shown in Table 5, ΔG* for the Ch-
MCE was higher by 5.49 kJ/ mol than the free MCE 
indicating that a change of the Ch-MCE-substrate complex 
into products is less spontaneous in comparison with free 
MCE. The catalytic reaction can be evaluated by 
estimating ΔG* for enzyme-substrate complex conversion 
into products (Riaz et al., 2007).   

The ΔG*E-T for Ch-MCE was lower 1.0-fold compared 
to the free MCE. This result indicated that this reaction is 
more spontaneous for Ch-MCE than for free MCE 
(Ferreira et al., 2018). In addition, the ΔG*E-S confirmed 
that the Ch-MCE requires higher amount of free energy by 
1.1-fold to form this transition state compared to the free 
MCE. The same behavior among soluble and conjugated 

MCE from B. subtilis KU710517 was reported by 
Wehaidy et al. (2018). 

3.2.4. Effect of metal ions 

The effects of various metal ions on the Ch-MCE 
activity compared to the free MCE were (data not shown). 
Both free and Ch-MCE were activated by Mg+2, Ca+2 and 

Mn+2 whereas Hg+2 and Co+2 inhibited them. Cu+2 
decrease enzymatic activity of the free MCE by 8.7 % 
although no lose in activity of Ch-MCE. In general, it was 
observed that the inhibitory effect of these investigated 
metal ions was less pronounced with the Ch-MCE 
compared to free MCE (Pandey et al., 2017). Siar et al. 
(2017) suggested that if multi-point covalent bond is 
achieved, the structure of enzyme becomes more rigid and 
consequently increases enzyme stability under any 
distorting reagent. 
Table 5. kinetic and thermodynamic parameters for casein 
hydrolysis by free and Ch- MCE. 

   Parameter 
Milk-clotting enzyme 

Free Immobilized 

Ea (KJ/ mol) 36.76 34.31 

Vmax (U/ mg protein) 10.0 8.0 

KM (mg skim milk/ ml) 28.01 35.71 

kcat (S-1) 4.3 6.23 

kcat / KM (/S mg/ ml) 0.1535 0.1744 

Ka (1/ KM) 0.036 0.028 

ΔH * (kJ/ mol) 33.86 31.33 

ΔG* (kJ/ mol) 96.68 102.17 

ΔS* (J/ mol /K) -183.67 -197.87 

ΔG*E-T ((kJ/ mol) 5.34 5.12 

ΔG*E-S ((kJ/ mol) 9.48 10.5 

Vmax / Km 0.357 0.224 

Q10 1.0 1.0 

3.3. Suitability of Ch- MCE in forming milk curds 
(reusability)   

One of the most important characteristics of the 
immobilized enzymes for both economical and industrial 
applications is their reusability (El-Shishtawy et al., 2021). 
The reusability study was carried out under optimal 
conditions. The Ch-MCE exhibited a very high capability 
to be reused, since we observed 100 and 90.4 % retained 
activity after being used for 5 and 7 consecutive cycles, 
respectively. Conversely, the immobilized proteases 
retained 40 % of its initial activity after the second cycle 
(Salazar-Leyva et al., 2017). El-Shishtawy et al. (2021) 
reported that immobilized enzyme onto CS/ZnO and 
CS/ZnO/Fe2O3 retained 38% and 88% of its original 
activity after five cycles. Multipoint covalent binding of 
enzymes on activated supports promotes a rigidification of 
its structure and reusability (Ahmed et al., 2019). Upon 
repeated use, gradual decrease in activity was observed 
(Figure 8), which was probably due to the loss of the 
enzyme from the carrier physically, frequent interactions 
between the substrate and the active site of the 
immobilized enzyme, distorting the active site, and 
resulting in activity loss (El-Shishtawy et al. (2021) 
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Figure 8. Suitability of Ch-MCE in the forming of milk curds 
(reusability). 

4. Conclusion 

Using rennet enzyme in making cheese is one from the 
largest application of enzymes in food processing. 
Therefore, this study has aimed to enhance the properties 
of MCE by immobilization and evaluate its catalytic, 
kinetics and thermodynamic parameters. MCE from B. 
circulans 25 was covalent-binding to activated chitosan 
polymer (Ch-MCE) with IY 75% and IE 72%. The Ch-
MCE exhibited higher optimum temperature by 10°C and 
lower activation energy by 0.9- fold than the free form. 
Additionally, it possessed higher t1/2, lower deactivation 
rate constant, and lower affinity to its substrate. Moreover, 
the energy for denaturation of the Ch-MCE was 1.8-fold 
higher than that of the free enzyme, meaning that the 
immobilization process increases the heat resistance of 
enzyme. The calculated thermodynamic parameters as 
enthalpy (∆H*), Gibbs free energy (∆G*), and entropy 
(∆S*) demonstrated that covalent-binding between enzyme 
and activated chitosan increased its thermal stability. 
Furthermore, it was successfully used for 7 consecutive 
cycles with high retaining activity (90.4 %). It can be 
concluded that this work helps to overcome the limitations 
of the reduction in MCE catalytic activity associated with 
changes in temperature, pH and inhibitors making it useful 
in industrial applications and biotechnological process. 
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Abstract 

One intertidal (Buleji) and two diving sites (Mubarak village and Churna Island (2 stations)) were visited for the collection 
of zoanthids (with morphotypes) (Zoanthus sansibaricus (6), Z. vietnamensis (2), Palythoa tuberculosa and P. mutuki (2) 
from Buleji), while Z. sansibaricus (morph-4) and P. tuberculosa from both diving sites. Moreover, 29 intertidal (26 
Molluscans and 1 Annelida, Arthropoda and Echinodermata) and 1 underwater Porite (Tubipora musica) associates were 
identified from Buleji and diving station-I of Churna Island, respectively, in order to study their ecology. All zoanthids 
(including morphotypes) and porite were reared in aquaria to determine their growth potentials in artificial settings. During 
culture, the recorded parameters ranged between 35-36.5‰ salinity, 7.3-7.7 pH, 25.4-31.0˚C temperature, 0.4-0.3ppm NO2

-, 
0.12-0.08ppm NO2-N, 500-545mg/l Ca, 0.23-0.25mg/l NH3 and 7-10mg/l DO2. The Z. sansibaricus (morph-1c) and Z. 
vietnamensis (morph-1), P. tuberculosa(c), and P. mutuki (morph-1c & 2a) lived up to 21 weeks, showing 41, 51, 18, and 32 
& 66 average growth rate or average polyp growth percentage (APG%) respectively, while Z. sansibaricus (morph-4a), P. 
mutuki (morph-2b) and T. musica were sustained up to 19, 6 and 4 weeks with APG% of 0, -92 and -93, respectively.  

Keywords:Hexacorallia, Zoanthids, Buleji, Mubarak Village, Churna Island, Aquaculture, Identification, Ecology  
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1. Introduction 

Hexacoralian zoanthids are delicate, radially 
symmetrical, diploblastic, and vibrant marine invertebrates 
attached to intertidal/deep-sea rocks (Gul, 2013; Trivedi 
and Vachhrajani, 2014) with basal discs (Budarf et al., 
2009). Mouth is surrounded by tentacles and six (paired) 
mesenteries, although 5th pair is complete in suborder 
Macrocnemina while incomplete in Brachycnemina 
(Khushali and Pradeep, 2013; Krishna and Gophane, 
2013). Van der Land and Hartog (2001) proposed their 
taxonomy, although molecular grade identification is 
required in addition to morphological parameters (Reimer 
et al., 2007). They are famous epizoic animals (Nasir et 
al., 2018), associated with Annelida, Arthropoda, Cnidaria, 
Crustacea, Echinodermata, Mollusca, Porifera (Khushali, 
2015), and photosynthetic algae, Zooxanthellae (Rabelo et 
al., 2015a). Recent anthropogenic stressors negatively 
affect wild zoanthids (Lin et al., 2018), while their 
aquaculture seems to be difficult due to toxic secretion 
abilities (Hamade et al., 2015). However, rearing 
experiments might conserve these species. 

Pakistan possesses 990km coastline (Mangroves for the 
future, 2016). Zoanthus sansibaricus is found from 
Manora, Karachi (Gul, 2013; Morandini et al., 2015; Nasir 
et al., 2018), and a natural product zoanthaminone was 
isolated from Zoanthus sp (Atta-ur-Rahman, 1989). 
However, no published work was related to their 

aquaculture except Nasir et al., (2018), who identified and 
reared Zoanthus sansibaricus, Z. vietnamensis, 
Epizoanthus scotinus, and Palythoa tuberculosa. Thus, the 
aim and objectives of this study are to provide awareness 
for their replenishment via aquaculture and identify not 
only the zoanthid species in and around Karachi coasts but 
also the factors affecting their normal growth rates and 
their ecological associations to highlight positive and 
negative interactions.  

2. Materials and Methods 

From October 2018 to April 2019, zoanthids were 
collected from intertidal rocks of Buleji (24o 50’ 355” N 
066o 50’ 367” E), ~8m depth from Mubarak Village (24o 
51’ 599” N 066o 38’ 804” E), and two stations of Churna 
Island (Station I: 24o 54’ 890” N 066o 36’ 840” E and 
Station II: 24o 53’ 926” N 066o 35’ 508” E), using 
SCUBA. A one-square-foot quadrate was placed randomly 
to collect the samples by hammer and chisel. Live samples 
were transferred to laboratory for rearing. The details are 
given below: 
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Figure 1: Maps of Collection Sites: (A) Buleji Coast, (B) Mubarak Village, (C) Churna Island Station I & II

2.1. Study Area (Fig 1) 

2.1.1. Buleji:  

Triangular, highly diversified, south-west to the 
Arabian Sea, almost 8km rocky parts, having tides-pools 
on west while sand/mud on east side (Nasir et al., 2018). 

2.1.2. Churna Island:  

Arabia sea on its west, 9km away from Hub river, 
highly diversified rocky island (1.2x0.5km), less turbid, 
famous for snorkeling and SCUBA diving (Shahid, 2015; 
Khan, 2015).  

2.1.3. Mubarak Village:  

Variety of sediments from Boulders to pebbles, rocks 
with tidepools, caves and overhanging structures (Ali et 
al., 2014). 

2.2. Identification of Specimens 

Zoanthids are identified morphologically based on the 
types of polyp (immersae/ liberae/ intermediae) (Reimer et 
al., 2006), colors of polyps, tentacles and oral slits, number 
of tentacles, size of colonies and oral discs, and sediment 
encrustation inside tissue or not. The collected zoanthid 
and associated species were identified morphologically 
with the aid of online available literatures (Esper 1805; 
Haddon and Shackleton, 1891; Carlgren, 1900; Pax and 
Muller, 1957; Reimer et al., 2011; Gul, 2013; Khushali, 
2014; Koupaei et al., 2014; Reimer et al., 2014; Nasir et 
al., 2018, and Linnaeus, 1758; Rudy et al., 1983; Bosch et 
al., 1995; Budd, 2007; Apte et al., 2010; Bano et al., 2011; 
Afsar et al., 2012; Carmona et al., 2014a, 2014b, 
Agustiadi and Luthfi, 2017; Ghani et al., 2017; Ghani et 
al., 2018a, 2018b; Kazmi et al., 2018; Ghani et al., 2019). 

2.3. Laboratory Rearing Data Collection 

The collected species were reared for 21 weeks in two 
aquaria containing 30L seawater, strong bio-filter aerators 
and 25 watts white LED bulbs. The parameters (pH, 
temperature, and salinity) were monitored weekly using 
hand-held digital pH-, thermo-, and refracto-meters, 
respectively, while nutrient concentrations like dissolved 

oxygen, calcium, nitrite-nitrogen, and ammonia were 
checked fortnightly with their respective kits: AQUA 
NITE Thailand, Merck KGaA, 84271 Darmstack, 
Germany, Aquacare 2000.10, PARA Test, Aquacare 
2000.4, PARA Test. Lugol’s iodine solution (few drops) 
were poured in aquaria weekly for growth nourishment 
and pathogens removal (Nasir et al., 2018). The number of 
polyps counted before placing in aquaria (Polyps placed 
(PP)). The number of polyps grown (PG) were counted 
once every week (up to 21 weeks that is PG1 to PG21), to 
judge the increase or decrease in polyps quantity, then 
their sum was taken as: (ƩPG)=PG1+….+PG21. The average 
polyps grown over 21 weeks was calculated by: 
APG/21wk=(ƩPG)/21 to obtain the mean production of 
polyps grown throughout the production period i.e. 21 
weeks. Then, Standard deviation (SD) is taken for each 
specimen from their (PG) of 21 weeks to analyze 
fluctuations in polyp number within overall observation 
period. The average growth rates of reared species were 
recorded as: Average Polyp Growth Percentage 
APG%=((APG/21wk-PP)/PP)*100 (Table 3). 

3. Results 

The findings of the research are categorized into three 
(3) parts: Part (I) identification of Hexacorallian zoanthids 
and their associated fauna, Part (II) growth patterns along 
collection sites, while Part (III) aquaculture trials. The 
details are mentioned below: 

3.1. Part (I) Identification 

Four species of zoanthids including their 
(morphotypes) were identified as Zoanthus sansibaricus 
(6), Zoanthus vietnamensis (2), Palythoa tuberculosa and 
Palythoa mutuki (2) from the intertidal rocks of the Buleji 
coast. Only two zoanthid species, Zoanthus sansibaricus 
(morphotype-4) and Palythoa tuberculosa, were collected 
from 8m depth of Mubarak Village and both Churna 
Island’s stations (Table 1; Plate 1). The details are as 
follows: 
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Table 1: Morphological appearance and number of tentacles of observed in collected Zoanthids and a porite coral species 

S.No Species Names Morph Polyp color/ outside Inside Tentacles 

1 Zoanthus sansibaricus1 1 Purple Green 48 

  2 Purple/Pink Light green and few Orange 48 

  3 Green Brown 48 

  4 Green Green 48 

  5 Green Blue 40 

  6 Brown Brown and few Green 48 

2 Zoanthus vietnamensis2 1 Brown Pink 48 

  2 Green Pink ring and Brown or Grey 48 

3 Palythoa tuberculosa3 Nil Yellow/Cream White 32 (Brown) 

4 Palythoa mutuki4 1 Brown Green 47 

  2 Brown Brown 40 

1 Tubipora musica5 Nil Bright Red Nil 8 (Gray) 

Note: 1(Carlgren, 1900; Gul, 2013; Reimer et al., 2014; Koupaei et al., 2014; Nasir et al., 2018) 
2(Pax and Muller, 1957; Reimer et al., 2011; Khushali, 2014; Nasir et al., 2018) 
3(Esper, 1805; Reimer et al., 2011; Koupaei et al., 2014; Reimer et al., 2014; Nasir et al., 2018) 
4(Haddon and Shackleton, 1891; Reimer et al., 2011; Koupaei et al., 2014) 
5(Linnaeus, 1758; Agustiadi and Luthfi, 2017) 

 

Plate 1: Intertidal Zoanthids species: Zoanthus sansibaricus: (A1) Morph 1, (A2) Morph 2, (A3) Morph 3, (A4) Morph 4, (A5) Morph 5 
and (A6) Morph 6, Zoanthus vietnamensis: (B1) Morph 1 and (B2) Morph 2, Palythoa tuberculosa: (C1a) Closed Polyps and (C1b) Open 
Polyps, Palythoa mutuki: (D1) Morph 1 and (D2) Morph 2, Underwater Zoanthids species: (E) Z. sansibaricus and (F) P. tuberculosa
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Moreover, only single species was associated with 
deep-water zoanthids of Churna Island (Table 1; Plate 2). 
However, 29 species belonging to various phyla such as 
Mollusca, Annelida, Echinodermata and Arthropoda, were 
found in association with intertidal zoanthids at Buleji 
coast (Table 2). It was observed that zoanthids have no 
negative impact with all mentioned species in (Table 2), 
except nudibranchs (Baeolidia palythoae and Berghia 
spp), which were found to be grazing on zoanthids. 
Additionally, an unidentified bacterial disease was 
observed (Plate 3). The details are mentioned below: 

3.1.1. Zoanthids 

Zoanthus sp. have delicate, erect and liberae polyps, do 
not accumulate sediments inside their tissues, 
gray/green/purple externally, while bright/green-brown 
internally. Z. sansibaricus are most stiff species, classified 
into morphotypes based on oral discs coloration like 
brown, green, purple, orange, yellow, red, white or 
fluorescent, containing about 60 tentacles (30 each row). 
Z. vietnamensis, have brown polyps with green/white/light 
pink tentacles, white oral slits with pink loop in their oral 
discs. The species of the genus Palythoa encrust sediments 
in tissues. The P. tuberculosa have immerse and round 
polyps, fused at base then extend individually, 30-34 
tentacles (1/2 oral disc size). They have green-brown oral 
discs with creamy brown colors externally. Another 
species, P. mutuki, has 30mm long intermediae polyps 
(brownish apex) and 45-67 tentacles with green/brown oral 
discs (>1/2 tentacles’ size) (Reimer, 2010; Khushali and 
Pradeep, 2013). 

3.1.2. Associated Species 

Tubipora musica (scleractinian) associated with 
deepwater zoanthids were collected from 1st diving station 
of the Churna Island (Table 1; Plate 2). Furthermore, 29 
species were associated with intertidal zoanthids at Buleji, 
including 26 species of the phylum Mollusca (three 
classes: Gastropods (23 species), Bivalvia (2), and 
Polyplacophora (1) and one species of each phyla: 
Annelida, Echinodermata, and Arthropoda. The 
abundantly found species with zoanthids in descending 
order were: Turbo bruneaus > Tenguella granulate > 
Trochus fultoni. No associated species harmed zoanthids 
but only two nudibranchs, namely Baeolidia palythoae and 
Berghia spp, fed on zoanthids. On the other hand, a 
harmful bacterial growth over zoanthids was observed 
(Plate 3). 

Plate 2: Underwater Zoanthids’ Associates: (A1) Tubipora 
musica (Side view) and (A2) Tubipora musica (Top view) 
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Table 2: Checklist of associated fauna observed in association with zoanthids of Buleji coast, Karachi   

Phylum Class Order Family Genus Species 

Mollusca Gastropoda Trochida Trochidae Trochus Trochus fultoni (Melvill, 1898) 

  Archeogastropoda Turbinidae Turbo Turbo bruneus (Roding, 1798) 

  Cycloneritida Neritidae Nerita Nerita albicilla (Linnaeus, 1758) 

  Caenogastropoda Cerithiidae Cerithium Cerithium caeruleum (G. B. Sowerby II, 1855) 

     Cerithium scabridum (Philippi, 1848) 

    Clypeomorus Clypeomorus bifasciata (G. B. Sowerby II, 1855)

  Littorinimorpha Cypraeidae Naria Naria turdus (Lamarck, 1810) 

   Cymatiidae Gyrineum Gyrineum natator (Roding, 1798) 

  Neogastropoda Muricidae Tenguella Tenguella granulata (Duclos, 1832) 

    Purpura Purpura panama (Roding, 1798) 

    Drupella Drupella rugosa (Born, 1778) 

    Tylothais Tylothais savignyi (Deshayes, 1844) 

    Semiricinula Semiricinula tissoti (Petit de la Saussaye, 1852) 

     Semiricinula konkanensis (Melvill, 1893) 

   Nassariidae Nassarius Nassarius deshayesianus (Issel, 1866) 

   Pisaniidae Pollia Pollia undosus (Linnaeus, 1758) 

   Olividae Oliva Oliva bulbosa (Roding, 1798) 

   Conidae Conus Conus namocanus (Hwass in Bruguiere, 1792) 

  Siphonariida Siphonariidae Siphonaria Siphonaria belcheri (Hanley, 1858) 

     Siphonaria savignyi (Krauss, 1848) 

  Nudibranchia Aeolidiidae Baeolida Baeolidia palythoae (Gosliner, 1985) 

    Berghia Berghia spp (Trinchese, 1877) 

  Systellommatophora Onchidiidae Peronia Peronia verruculata (Cuvier, 1830) 

 Polyplacophora Chitonida Chitonidae Chiton Chiton peregrines (Thiele, 1909) 

 Bivalvia Orcida Arcidae Barbatia Barbatia obliquata (Wood, 1828) 

  Mytilida Mytilidae Leiosolenus Leiosolenus tripartitus (Jousseaume, 1894) 

Arthropoda Malacostraca Isopoda Cirolanidae Eurydice Eurydice pulchra (Leach, 1815) 

Echinodermata Ophiuroidea Amphilepidida Ophiactidae Ophiactis Ophiactis savignyi (Muller and Troschel, 1842) 

Annelida Polychaeta Phyllodocida Nereididae Nereis Nereis vexillosa (Grube, 1851) 

4 6 15 20 26 29 
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Plate 3: Intertidal Zoanthids’ Associates: (A1) Trochus fultoni and Turbo bruneus with Palythoa tuberculosa, (A2) Trochus fultoni and 
Turbo bruneus with Zoanthus sansibaricus, (B1) Nerita albicilla, Cerithium caeruleum and Clypeomorus bifasciata with Palythoa 
tuberculosa, (B2) Nerita albicilla, Cerithium caeruleum, Clypeomorus bifasciata with Zoanthus sansibaricus, (C1) Cerithium scabridum 
(Dorsal view), (C2) Cerithium scabridum (Ventral view), (D) Naria turdus (Ventral view), (E1) Gyrineum natator (Dorsal view), (E2) 
Gyrineum natator (Ventral view), (F) Tenguella granulata with Palythoa tuberculosa, (G) Purpura panama with Zoanthus sansibaricus, (H1) 
Drupella rugosa with Palythoa tuberculosa, (H2) Drupella rugosa with Zoanthus sansibaricus, (I1) Tylothais savignyi (Dorsal view), (I2) 
Tylothais savignyi (Ventral view), (J1) Semiricinula tissoti (Dorsal view), (J2) Semiricinula tissoti (Ventral view), (K1) Semiricinula 
konkanensis (Dorsal view), (K2) Semiricinula konkanensis (Ventral view), (L1) Nassarius deshayesianus (Dorsal view), (L2) Nassarius 
deshayesianus (Ventral view), (M1) Pollia undosus (Dorsal view), (M2) Pollia undosus (Ventral view), (N1) Oliva bulbosa (Dorsal view), 
(N2) Oliva bulbosa (Ventral view), (O1) Conus namocanus (Dorsal view), (O2) Conus namocanus (Ventral view), (P1) Siphonaria belcheri 
(Dorsal view), (P2) Siphonaria belcheri (Ventral view), (Q1) Siphonaria savignyi (Dorsal view), (Q2) Siphonaria savignyi (Ventral view), 
(R) Peronia verruculata, (S) Chiton peregrines, (T) Barbatia obliquata, (U) Eurydice pulchra, (V1) Ophiactis savignyi (Dorsal view), (V2) 
Ophiactis savignyi (Ventral view), (V3) Ophiactis savignyi (In Aquarium), (W) Nereis vexillosa, (X1) Berghia spp (In aquarium) (X2) 
Berghia spp (Outside the aquarium), (Y) Baeolidia palythoae with eggs (grazing) and (Z) Bacteria (disease)

 

3.2. Part (II) Growth Patterns 

All identified zoanthid species including Zoanthus and 
Palythoa were either totally absent or diminutive on high 
tide zones of Buleji. However, Zoanthus were more 
abundant at low tide, while Palythoa at mid tides. Only 
two zoanthid species, Z. sansibaricus (morphotype-4) and 
P. tuberculosa, were abundantly found across all diving 
sites at water depth of around 8m.  

3.3. Part (III) Aquaculture 

During aquarium trials, the average recorded 
parameters in aquaria varied between 35-36.5‰ salinity, 
7.3-7.7 pH, and 25.4-31.0˚C temperature (Fig 2a), whereas 
the aggregate nutrients’ concentrations were 0.3-0.4ppm 
NO2-, 0.08-0.12ppm NO2

_N, 500-545mg/l Ca, 0.23-
0.25mg/l NH3 and 7-10mg/l DO2 (Fig 2b). It was observed 
that most species lived less than one week then died 
completely, thus showing 0 APG/21wk and -100 APG%, 
namely Z. sansibaricus (morph-1(a, b), 2, 3, 4(b, c, d)), P. 
tuberculosa(a, b, d, e, f) and P. mutuki (morph-1a, b) 
(Table 3). A few survived about a week like Z. 
sansibaricus (morph-1d, 4e, 5, 6), Z. vietnamensis (morph-

2), P. mutuki (morph-1d), hence shown -95 APG% while 
5, 10, 1, 2, 13, and 5 APG/21wk respectively (Table 3, Fig 
3a). Tubipora musica and P. mutuki (morph-2b) remained 
alive for 4 and 6 weeks, having -93 and -92 APG% with 
24 and 27 APG/21wk respectively. Z. sansibaricus 
(morph-4a) lived for 19 weeks with 25 APG/21wk and 0 
APG%. However, some species were successfully grown 
and sustained throughout the culture period of 21 weeks, 
for instance, Z. sansibaricus (morph-1c), Z. vietnamensis 
(morph-1), P. tuberculosa(c), P. mutuki (morph-1c and 2a) 
with 41, 51, 18, 32, 66 APG% and 189, 15, 59, 57, 28 
APG/21wk respectively (Table 3, Fig 3a-c). The possible 
reasons of death or loss of polyps might be due to the 
nudibranchs grazing, bacterial disease outbreak, 
parameters fluctuation (including increase in salinity via 
evaporation), and provision of low light causing less 
photosynthesis. Small aquarium space available for 
aquaculture experiment can also be a factor for 
deterioration, although use of lugol’s solution, removal of 
nudibranchs and diseased or dead polyps by hand picking, 
provision of freshwater bath treatment for 5 minutes, 
reducing salinity by adding freshwater seemed to boost the 
growth rates of some species. The date and site of 
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collections, numbers of polyps counted per square foot and 
collected for cultivation, APG/21wk, APG % and SD are 
enlisted in (Table 3; Fig 3a-c). However, the average 
growth rates (APG%) of successfully reared species (i.e. 
species who had shown growth activities from 4 to 21 
weeks, either increased or decreased from or reached to 

their initial quantities placed in aquarium) in ascending 
order are: T. musica (-93) < P. mutuki Morph-2b (-92) < Z. 
sansibaricus Morph-4a (0) < P. tuberculosa(c) (18) < P. 
mutuki Morph-1c (32) < Z. sansibaricus Morph-1c (41) < 
Z. vietnamensis Morph-1 (51) < P. mutuki Morph-2a (66). 
The details are mentioned below: 

 

Figure 2a: Average physico-chemical parameters during culture 
trials 

 

Figure 2b: Average nutrient's concentrations during aquarium trials 

Table 3. Species, date and site of collection, Polyps observed per Square foot, number of polyps placed and grown over 21 weeks (all 
Morphotype of Zoanthids and Associated Coral species)  

S.No Species Names Morph Site Date Polyps/sq.ft Aq # Polyps Placed (PP) ƩPG APG/21wk APG% SD (±) 

1 Z. sansibaricus 1a B 9/10/18 1000 1 26 0 0 -100 0 

b B 7/11/18 1000 1 74 0 0 -100 0 

c B 3/1/19 6432 1 134 3961 189 41 66 

d B 18/4/19 7488 2 108 108 5 -95 24 

2 B 9/10/18 2000 1 130 0 0 -100 0 

3 B 9/10/18 1000 1 330 0 0 -100 0 

4a B 3/1/19 3600 1 25 524 25 0 10 

b CI I 9/3/19 3168 2 44 0 0 -100 0 

c CI II 13/3/19 936 2 13 0 0 -100 0 

d MV 15/4/19 1944 2 27 0 0 -100 0 

e B 18/4/19 3600 2 206 206 10 -95 45 

5 B 18/4/19 1008 2 14 14 1 -95 3 

    6 B 18/4/19 22176 2 47 47 2 -95 10 

2 Z. vietnamensis 1 B 3/1/19 1440 1 10 318 15 51 5 

    2 B 18/4/19 5760 2 273 273 13 -95 60 

3 P. tuberculosa 0a B 9/10/18 3000 1 132 0 0 -100 0 

b B 7/11/18 3000 1 500 0 0 -100 0 

c B 3/1/19 7200 1 50 1243 59 18 9 

d CI I 9/3/19 2160 2 30 0 0 -100 0 

e CI II 13/3/19 4536 2 63 0 0 -100 0 

    f  MV 15/4/19 1440 2 20 0 0 -100 0 

4 P. mutuki 1a B 9/10/18 1000 1 302 0 0 -100 0 

b B 7/11/18 10000 1 680 0 0 -100 0 

c B 3/1/19 9456 1 43 1191 57 32 17 

d  B 18/4/19 6048 2 98 98 5 -95 21 

2a B 3/1/19 1224 1 17 593 28 66 7 

     b B 18/4/19 1440 2 333 566 27 -92 73 

5 T. musica 0 CI I 9/3/19 23328 1 324 500 24 -93 73 

Note: B:Buleji, CI I:Churna Island Station I, CI II:Churna Island Station II, MV:Mubarak Village, Aq #:Aquarium No, ƩPG=Sum of 
polyps grown, APG/21wk=Average Polyp Grown over 21 weeks, APG%=Average Polyp Growth Percentage, SD=Standard Deviation 

APG%: -100=died completely within 1wk, -95=died after 1wk, -93=died after 4wk, -92=died after 6wk, 0=reached to initially placed 
quantity 
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Figure 3a: Average polyp growth over 21 weeks (APG/21wk) and 
Standard Deviation (±SD) of Zoanthids and associated Porites reared 
in aquaria. Note: Z. sansibaricus: [Morph-1: 134(c) & 108(d), 
Morph-4: 25(a) & 206(e), Morph-5: 14, Morph-6: 47)]; Z. 
vietnamensis: [Morph-1: 10, Morph-2: 273]; P. tuberculosa: 50(c); P. 
mutuki: [Morph-1: 43(c) & 98(d), Morph-2: 17(a) & 333(b)] and T. 
musica: 324. 

  

Figure 3b: Average polyp growth percentage (APG %) of 
Zoanthids and associated Porites reared in aquaria. Note: Polyp 
number: [134: Z. sansibaricus Morph-1(c)], [25: Z. sansibaricus 
Morph-4(a)], [10: Z. vietnamensis Morph-1], [50: P. tuberculosa 
(c)], [43: P. mutuki Morph-1(c)], [17 & 333: P. mutuki Morph-2 
(a) & (b)] and [324: T. musica]. 

  

 

 

 
Figure 3c: Percentage of polyp grown/21 weeks (Zoanthids and Associated Coral): (A) 134 polyps of Z. sansibaricus (morph 1c), (B) 25 
polyps of Z. sansibaricus (morph 4a), (C) 10 polyps of Z. vietnamensis (morph 1), (D) 50 polyps of P. tuberculosa (c), (E) 43 polyps of P. 
mutuki (morph 1c), (F) 17 polyps of P. mutuki (morph 2a), (G) 333 polyps of P. mutuki (morph 2b) and (H) 324 polyps of T. musica.  
Note: 0 indicates quantity of polyps remains same as initially placed, the points above 0 indicates increase while below 0 indicates decline in 
growth rates. While -100 indicates that organisms completely died. 
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All grown species multiplied after 1st week of their 
placement in aquaria may be because they were adapting 
changes to new environment. Z. sansibaricus morph-(1c) 
shown peak growth rates from 11 to 14 weeks then, started 
diminishing and after 18th week declined sharply. 
However, survived up to 21 weeks (Fig 3c(A)). Z. 
sansibaricus morph-(4a) had shown growth acceleration in 
between 6-10 weeks, then started reducing with dominant 
death rates from 18th week and survived till 19th week then 
died completely (Fig 3c(B)). Z. vietnamensis morph- (1) 
had the shortest peak growth activities from 9 to 10 weeks, 
and started declining sharply after week 18 but survived to 
overall production period of 21 weeks (Fig 3c(C)). P. 
tuberculosa (c) multiplied with the longest growth peaks 
from 5-18 weeks but declined suddenly till 19th week after 
then nearly stable until 21 weeks (Fig 3c(D)). P. mutuki 
morph- (1c) shown peak growth rates in between 12-18 
weeks, then sharp diminishing rates till 19th then slightly 
increased and remained alive until 21 (Fig 3c(E)), (2a) 
shown the highest growth rates than others from week 11 
to 14, then declined twice sharply (i.e. after 14th and 17th 
weeks), but never died completely within 21 weeks of 
study period (Fig 3c(F)), and its morph (2b) had fast 
declining rates till 2nd week with a little multiplication at 
the end of the 5th week but started declining again while 
completely died on the 7th week thus sustained only 6 
weeks (Fig 3c(G)). T. musica resulted almost similar to P. 
mutuki (morph-2b) but never multiplied, yet survived up to 
4 weeks only, then died completely (Fig 3c(H)). 

4. Discussion 

In this research, the diversity of intertidal as well as 
deeper zoanthids in and around the Karachi coast were 
given. The identification of the collected zoanthids along 
with their intertidal and deep sea associated species was 
done with the help of online keys. The cultivation trials 
have been made to observe their growth potential in 
artificial media.  

4.1. Identification of Zoanthid and Associated species 

4.1.1. Zoanthids 

An article published from Pakistan has revealed the 
occurrence of about four zoanthid species such as 
Zoanthus sansibaricus, Zoanthus vietnamensis, 
Epizoanthus scotinus, and Playthoa tuberculosa from 
Sunera, Paradise, Buleji and Manora intertidal rocks of 
Pakistan’s Northern Arabian Sea (Nasir et al., 2018). 
Another article has evidenced the occurrence of varied 
morphotypes of Z. sansibaricus, Z. vietnamensis, P. 
tuberculosa, and P. mutuki from the Saurashtra coast of 
Gujarat, India. All of the aforementioned species are 
dominant along tropical to temperate intertidal rocky 
shores where corals are not abundantly present (Khushali 
and Pradeep, 2013). In the present study, the collected 
species and their morphotypes were found to be similar to 
that described by aforementioned literatures.  

4.1.2. Associated species 

Numerous studies have evidenced the symbiotic 
associations of zoanthids with other organisms that belong 
to different groups; for instance, Porifera (Spongia 
officinalis), Annelida (Lanice conchelega, Nereis pelagica, 
Lepidonotus squamatus), Polychaete larvae, Arthropoda 

(Alpheus melabaricus, Alphaeus sp, Charybdis truncata, 
Menippe rumphii, Eurydice pulchra, Corophium sps), 
Mollusca (Cellana radiate, Cyprea tigris, Turbo bruneus, 
Cerithidea sps, Thais calvigera, Baeolida palythoae), 
Echinodermata (Asterias sps, Ophiotrix fragilis, 
Ophiocomina nigra, Stomopneutes variolaris and 
Tropiomera sp) (Chakravarty et al., 2016). In this study, 
we observed almost the same associated fauna. 

4.2. Growth Patterns 

Zoanthids’ population dynamics and their allocation 
patterns on inter-tidal rocks are elaborated in various 
studies (Trivedi and Vachhrajani, 2014). Despite this, 
fewer studies have been conducted in Pakistan on their 
growth rates and abundance (Ali et al., 2014). In the 
present study, the growth patterns of zoanthid species were 
found in a similar manner as described by Nasir et al., 
(2018) and Rabelo et al., (2015b); that is Zoanthus species 
are rich at low tides while Playthoa species are plentiful at 
mid tides. However, both are absent at high tidal levels. 

5. Aquaculture 

A single paper has been contributed from Pakistan on 
the cultivation trials of zoanthids. The article evidenced 
that zoanthids can be cultured successfully by just 
maintaining their required parameters, although the data 
was presented for 8 weeks only (Nasir et al., 2018). 
Consequently, a comparative study is premeditated for 21 
weeks, and freshly obtained erratic data related to the 
growth rates of identified zoanthids such as Z. 
sansibaricus, Z. vietnamensis, P. tuberculosa, and P. 
mutuki, including T. musica (deepwater zoanthid 
associates). The present study also revealed that zoanthids 
could be cultivated artificially by gratifying their 
requirements. However, mortalities occurred most likely 
due to small space, nudibranch grazing, bacterial disease 
outbreak. Lack of defense mechanism and internal 
immunity, and salinity changes due to evaporation of 
seawater from aquaria could also be considered. 
Nevertheless, few steps alleviated the growth rates of some 
species such as: lugol’s iodine solution (few drops) 
controlled pathogens; nudibranchs, dead and diseased 
polyps were removed immediately, while freshwater bath 
treatment for at least 5 minutes using strong aerator (for 
water flushing flow) was given to remaining polyps in 
separate tanks, the hypersaline seawaters were mixed with 
freshwater in order to maintain salinity, and polyps were 
provided with enough space in aquarium to grow easily by 
placing racks and stones. 

6. Conclusion 

From the above research, it can be concluded that the 
rocky coasts of Pakistan are enriched with hexacorallian 
zoanthids. They form positive associations with other 
organisms such as molluscs, arthropods, echinoderms, 
annelids, scleractinians, etc., while negative with bacteria 
and nudibranchs. They can not only be sustained but also 
cultured in artificial environments if their required 
parameters are maintained successfully. The zoanthids 
species should be treated with freshwater bath including 
few drops of lugols iodine for ~5 min, and acclimatized 
before placing in aquarium, in order to get rid of 



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 4 

 

668 

pathogens, boost immunity and eradicate hidden enemies 
that may come out after some time in aquarium, such as 
nudibranchs.  
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Abstract  

The purpose of this research was a better understanding of the phenotypic diversity of date palms (Phoenix dactylifera L.) in 
southern Morocco. To determine the total degree of polymorphism and find their distinct phenotypic attributes, 17 date palm 
accessions from various date palm groves in the Drâa-Tafilalet zone (Zagora) were studied. Thirty vegetative and 
reproductive parameters were examined, and multidimensional statistical methods were used to assess the data. These 
findings indicated that the date palm germplasm exhibited a high level of genetic polymorphism. The principal component 
analysis (PCA) revealed that leaf length and width, spine length and width, and fruit sizes were responsible for a 
considerable amount of the observed variability. Strong correlations were found between the studied traits, especially 
between fruit dimensions (length and width) and fruit and pulp weights (0.776; 0.861; 0.868; 0.719), respectively. A positive 
correlation was also found between petiole width at the bottom and spines (0.706), between petiole width at the bottom and 
leaflets number (0.765) as well as between spadice length and spadice length at the ramified part (0.673). Five phenotypic 
groups were identified with levels of dissimilarity ranging from 0.37 to 0.92. The first cluster had four cultivars (Bourar, 
Mentouj tissgharine, Khalt lohmadi and Khalt abdelghani); the second group possessed six cultivars (Khalt bheir ngli, Khalt 
iaach, Bouezgagh, Black bousthammi, KHL and Elmensoum); the third cluster included four cultivars (Elahmer chetoui, 
Elasfer eljaid, Hak feddan laaneb and Khalt khel); the fourth group contained two cultivars (Khalt zoubair ibn laouam and 
Mentouj lhaj lehbib); and the fifth group contained only one cultivar, 'Khalt iaissi'. In each one of these groups, the 
similarities observed between cultivars were based on fruit characteristics (semi-dry, dry, and soft dates). This work 
highlighted the most important traits that can be used for assessing the diversity of date palm trees and fruit. Leaf length and 
width, spine length and width, and fruit sizes had the highest discrimination value. 

Keywords: Morocco; diversity; date palm; Phoenix dactylifera L.; cultivars, Zagora palm grove.

                                                 
* Corresponding author. e-mail: alahyanerh@gmail.com. 

1. Introduction  

The date palm is the most valuable arid-region crop in 
Morocco, and it has commercial value in all of North 
Africa. There are about 5.4 million palm trees in Morocco 
(Sedra, 2015). The annual date production is more than 
117 thousand tonnes (FAOSTAT, 2012). More than 456 
cultivars are known in Morocco (INRA, 2011). Plantations 
of date palms contribute to the construction of oasis 
ecosystems because they have a diverse genetic stock and 
help to create a suitable environment for the growth of the 
underlying crops. In addition, they contribute to stabilizing 
human populations in arid regions where the resources are 
limited. Urbanization, drought, salt, desertification, insect 
infestations, poor soils, genetic erosion, age, and diseases 
such as Bayoud caused by Fusarium oxysporum f. sp. 

albedinis are all potentially damaging to Morocco's oases 
(Botes and Zaid, 2002; Awad, 2006; Ehsine et al., 2014; 
Meddich et al., 2015). All these constraints have resulted 
in an abandonment of orchards by farmers who preferred 
migration from rural areas to urban centers, leading to 
degradation of these areas. From an agronomic standpoint, 
the best strategy for combating Fusarium wilt as well as 
drought and salt issues is to plant resistant date palms with 
high quality fruit and good production (Saaidi et al., 1992). 
Resistant date palms can be obtained by a transfer of 
genetic material between genetically different palm trees 
(natural interbreeding), thereby changing the composition 
of the gene pool that provides the new population with 
traits of resistance to drought and parasites. As a result, 
selecting local palm trees that are adapted to the soil and 
climatic conditions of Morocco is of high interest and 
relevance.  Trees called ‘khalts’ or ‘sairs’ which result 
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from natural seedlings (Munier, 1973) have an interesting 
degree of polymorphism because of the high 
heterozygosity of the parental varieties (Saaidi, 1992; 
Sedra et al., 1998). Farmers' empirical selection has 
resulted in the existing cultivars in each oasis. The process 
of denominations is local and begins at the place where the 
crop is grown (Elhoumaizi et al., 2002). Djerbi et al. 
(1986) observed that certain 'khalts' have excellent fruit 
quality and have a significant resistance to Fusarium 
oxysporum f. sp. albedinis in date palm plantations.  

The assessment of phenotypic diversity is an essential 
part of a breeding strategy (Brake et al., 2021). There are 
variations in date palm genetic resources, according to 
several research reports. Most of them mainly focused on 
fruit morphology and the design of description cards 
(Mason, 1915; Nixon, 1950; Elhoumaizi et al., 2006; 
Elshibli and Korpelainen, 2009; Rabei et al., 2012; Zehdi-
Azouzi et al., 2015; Al-Khayri et al., 2015). Some 
research, on the other hand, has emphasized the 
characteristics of fruit and leaves (Reynes et al., 1994; 
Bouabidi et al., 1996; Ahmen et al., 2011; Elsafy et al., 
2015; Ennouri et al., 2018).  

The aim of the research reported here is to contribute to 
the assessment of phenotypic variability among seventeen 
date palm varieties and clones in Morocco's Zagora palm 
grove, to evaluate the degree of polymorphism among the 
varieties and clones investigated, and to find differences 
and similarities among cultivars that might be valuable in 
date palm classification. This will stimulate the selection 
of local palm trees that are productive and adaptable to the 
pedoclimatic conditions in Morocco in the future. 

2. Material and methods 

2.1. Plant materials  

The 17 date palm accessions studied were obtained 
from different areas in the Drâa region (Zagora, Southern 
Morocco) (Table 1). The accessions were collected from 
different farmers' groves but were all growing in the 
Zagora oasis during the study period. These varieties and 

clones were available and abundant at the start of the 
study. During the harvest season in October 2018, the 
study was carried out in a field with the following GPS 
coordinates: 30°20' 59" N, longitude of 5°50'06" W, and 
elevation of 731 m, about 0.76 km from Zagora, Morocco. 
It was estimated that the field covered 39.04 hectares. The 
study region has a semi-arid environment with 61 mm of 
annual rainfall and a mean annual temperature of 22.9 °C. 
During the months of September and October 2018, 
sample parameters were measured. The physicochemical 
quality characteristics of the soil in the research area are 
shown in Table 2. 
Table 1. Name, abbreviations and origin of date palm samples. 

Accession Label Origin 

Bourar BRR Tissgharine 

Mentouj tissgharine MTN Tissgharine 

Bouezgagh BZG Jenan lohmadi 

Black bousthammi BST Jenan lohmadi 

Khalt iaach KHL Jenan lohmadi 

Khalt lohmadi LHD Jenan lohmadi 

Elahmer chetoui ECT Aghlal elkhyat mehdia 

Elasfer eljaid EED Aghlal elkhyat mehdia 

Khalt zoubair ibn laouam ZIE Fedan laaneb tansita 

Hak feddan laaneb HFL Fedan laaneb tansita 

Khalt iaissi IAS Way hamama 

Elmensoum EMS Way hamama 

Khalt abdelghani IAH Bheir ingli 

Iklane IKL Bheir ingli 

Mentouj lhaj lehbib MEL Bheir ingli 

Khalt bheir ngli KBN Bheir ingli 

Khalt khel KKL Sefsafa 

 

 

Table 2. Physico-chemical parameters of soils in the Zagora palm grove. 

Site pH 
EC 

(mS.cm-1) 

AP 

(mg.kg-1) 

TOC 

(g.kg-1) 

OM 

(g.kg-1) 

TN 

(g.kg-1) 
C/N 

CaCO3 

(g.kg-1) 
Texture 

Zagora 
7.58 
±0.01 

0.46 
±0.02 

10.40 
±0.14 

1.35 
±0.34 

2.32 
±0.58 

0.14 
±0.04 

10.32±0.06 104.04±1.43 
Sandy-
loamy 

Thirty criteria were examined to describe the 
phenotypes. The reproductive and vegetative 
characteristics of the date palm that were evaluated (Table 
3). The measurements were carried out on the 17 date 
palm accessions. These samples were collected as follows: 
The samples were collected and characterized starting 
from the first week of October, which was 8 to 12 weeks 
after full flowering. This period varied from one cultivar to 
another. In order to ensure the homogeneity of the samples 
and the representativeness of the results, a certain number 
of fully developed plant material was collected from 
different parts of each tree.  

The weight of the fruit and seeds was determined using 
an analytical balance. Manual measuring tape was used to 
measure the length and width of various reproductive and 
vegetative parts of the date palm (Table 3), while a digital 
caliper was used to assess the fruit and seed diameter. 

For morphometric analysis, three individuals from each 
accession were selected. These characters are reported as 
part of standard descriptors for the date palm (IPGRI, 
2005). All attributes related to fruit were measured at 
harvest stage.  
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Table 3. Measured vegetative and reproductive characters. 

Character Unit code 

Leaf     

Spinted part length cm P1 

Petiole width at the bottom cm P2 

Leaf length cm P3 

Leaf width cm P4 

Rachis thickness between the last 
spine and the first leaflet 

cm P5 

Leafleted part length cm P6 

Spines     

Spines number   P7 

Spine width at the middle mm P8 

Spine lengh at the middle cm P9 

Leaflets     

Terminal leaflet length cm P10 

Leaflets number   P11 

Spacing index   P12 

Terminal leaflet width mm P13 

Leaflet width at the middle mm P14 

Leaflet length at the middle mm P15 

Fruit     

Fruit length mm P16 

Fruit width mm P17 

Fruit weight gr P18 

Pulp weight gr P19 

Seed length mm P20 

Seed width mm P21 

Seed weight gr P22 

Seed/fruit length ratio   P23 

Seed/fruit width ratio   P24 

Spadice     

Spadice length cm P25 

Spadice width at the middle mm P26 

Spadice thickness at the middle mm P27 

Spadice length at the ramified part cm P28 

Spathe     

Spathe length cm P29 

Spathe width cm P30 

2.2. Data analysis 

The data was analyzed using principal component 
analysis (PCA) and cluster analysis (CA) (XLSTAT, 
2014). To obtain a new set of variables identified as 
principal components, PCA starts with a linear model and 
minimizes the structure of a data table (Mainley, 1994). 
The genetic relationship between accessions was 
investigated using cluster analysis with Euclidean 
distances as similarity metrics and the Unweighted Pair-
Group Method Arithmetic Average (UPGMA). 

3. Results 

Mean values of the reproductive and vegetative traits 
studied are shown in Table 4. The data show a large 
variability between cultivars. 
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Table 4. Date palm accessions' average values for measured characteristics. 

BRR : Bourar ; MTN : Mentouj tissgharine ; BZG : Bouezgagh ; BST : Black bousthammi; KHL: Khalt iaach; LHD: Khalt Lohmadi ; 
ECT : Elahmer chetoui ; EED : Elasfer eljaid ; ZIE : Khalt zoubir ibn laouam ; HFL : Hak feddan laaneb ; IAS : Khalt iaissi ; EMS : 
Elmensoum ; IAH : Khalt abdelghani ; IKL : Iklane ; MEL : Mentouj lhaj lehbib ; KBN : Khalt bheir ngli ; KKL : Khalt khel. 

3.1. Principal component analysis 

The differences in vegetative and reproductive 
parameters between genotypes were studied using PCA. 
The first component accounted 31.25 %, whereas the 
second and third components explained 50.28 % and 61.06 
%, respectively (Table 5). 
Table 5. Eigen values and levels of the variance associated with 
the three principal components. 

Axe  1 2 3 

Eigenvalues variance 9.37 5.71 3.23 

Variance proportion       

Individual (%) 31.25 19.04 10.78 

Cumulative (%) 31.25 50.28 61.06 

Eigenvalues vectors1 P2 (0.269) P6 (-0.242) P8 (-0.265) 

  P3 (0.245) P16 (0.334) P20 (0.279) 

  P4 (0.242) P17 (0.261) P21 (0.316) 

  P7 (0.295) P18 (0.271) P22 (0.402) 

    P19 (0.286) P23 (0.322) 

    P24 (-0.271) P26 (0.280) 

    P30 (-0.265) P28 (0.301) 

1 Only variable showing high weight was taken into account. 

P2: Petiole width at the bottom; P3: Leaf length; P4: Leaf width; 
P6: Leafleted part length; P7: Spines number; P8: Spine width at 
the middle; P16: Fruit length; P17:  Fruit width ; P18: Fruit 
weight ; P19: Pulp weight ; P20: Seed length; P21: Seed width; 
P22: Seed weight; P23: Seed/fruit length ratio; P24: Seed/fruit 
width ratio; P26: Spadice width at the middle; P28: Spadice 
length at the ramified part;  P30: Spathe width.

 

Petiole width at the bottom, leaf length, leaf width, 
spines number and leaflets number had high positive 
weight in the first principal component. The attributes with 
high negative weight in the second component were 
leafleted part length, seed/fruit weight ratio, and spathe 
width. Positive weight was found in fruit length, fruit 
width, fruit weight, and pulp weight. 

The most important variables influencing the third 
principal component were spine width in the middle, 
which had high negative weight, and seed length, seed 
width, seed weight, seed/fruit length ratio, spadice width in 
the middle, and spadice length at the ramified part, which 
had strong positive weight. 

The cultivars are shown on the plot axes (1-2) and (1-3) 
in Figures 1 and 2, respectively. In the plot of axis (1 and 
2), the first axis presents a significant contrast between 
Elasfer eljaid (EED) and Khalt khel (KKL); (EED) has the 
largest petiole width at the bottom of the leaf. The second 
axis shows the contrast between Mentouj lhaj lehbib 
(MEL), characterised by a large size fruit, and Khalt iaach 
(KHL), distinguished by a large rachis thickness, leafleted 
part length, leaflet length and spathe width (Fig. 1). In the 
plot of axis (1 and 3), the third axis contrasts clone Khalt 
lohmadi (LHD), which has large size seed, to Bouzegagh 
(BZG) and Bourar (BRR), which are characterised by long 
leafleted part, terminal leaflet, spine, and leaflet width at 
the middle. 

Code P 1 P 2 P 3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P 

14

P 

15 

P 16 P 17 P 18 P 19 P 20 P 

21 

P 

22 

P 

23 

P 

24 

P 

25 

P 

26 

P 

27 

P 

28 

P 

29

P 

30 

BRR 88.7 10.5 324 118.6 2.6 231 30 6 14.8 21 163 0.48 11 18 54.7 44.30 20.83 13.25 12.36 17.37 5.00 0.82 0.39 0.06 118 42 22 28.0 94 5.7 

BST 122.3 12.2 404 123.3 3 272 25 3.8 14.2 24.3 195 0.72 16 19 70.7 28.43 16.70 8.35 7.24 16.00 6.10 0.95 0.56 0.11 119 42 5 26.3 73 7.3 

BZG 110 10.2 401 103 3.2 280 20 8 15.3 25 187 0.51 20 34 56.9 38.40 18.00 10.04 8.80 19.20 6.33 1.19 0.50 0.12 73 51 20 24.7 45 8.5 

ECT 156 11.8 431 129 2 272.3 42 4.5 15.2 30 182 0.60 17 22 65.1 40.43 20.73 15.97 14.34 24.17 6.13 1.53 0.60 0.10 158 75 20 65.0 73 9.7 

EED 157 14.7 465 148 3.3 293.3 43 7.6 16.3 13.5 199 0.60 9 30 72.4 40.20 21.43 14.27 12.45 24.77 7.47 1.70 0.62 0.12 116 64 14 52.3 84 6.3 

EMN 92 3.8 355 92.3 2.5 257.3 23 6 13.7 21.7 155 0.72 19 24 61.4 22.97 14.77 4.90 3.83 14.90 6.17 1.02 0.65 0.20 87 44 5 33.0 43 8.9 

HFL 144.7 9.8 403 120.6 2.3 238.3 31 4.5 13.3 16.3 162 0.67 18 33 57.5 42.57 23.03 17.36 16.01 21.37 6.40 1.28 0.50 0.07 122 52 19 60.0 64 8.2 

IAH 66.7 3.2 313 87 1.6 240 14 2.6 7.8 17.6 127 0.53 12 12 45.5 28.23 18.20 7.94 6.58 17.50 6.40 1.34 0.62 0.17 126 47 13 38.7 53 7.4 

IAS 186.7 7.2 369 77 2.8 177.3 26 4 13.6 20.7 142 0.66 20 25 46.9 36.77 17.47 9.79 8.68 20.67 5.37 1.06 0.56 0.11 107 53 14 33.3 43 4.1 

IKL 75.7 3.2 284 54 0.6 201.2 13 4.5 7.5 17.7 113 0.55 19 24 33.1 37.07 20.20 10.49 9.25 18.80 6.00 1.16 0.51 0.11 75 53 11 30.3 58 5.2 

KBN 137 6.5 423 64 2.7 276.7 20 4 8.8 20.7 170 0.54 21 15 34.3 34.70 17.40 8.90 7.54 21.37 7.03 1.33 0.62 0.15 87 51 5 33.7 64 9.2 

KHL 106 9.7 433 142.6 10.2 321.3 44 5 14.8 19.2 207 0.65 16 28 80.7 27.20 21.03 11.18 9.39 17.37 7.73 1.53 0.64 0.14 88 50 15 37.7 47 10.8

KKL 106.7 5.3 302 95 1.8 190 15 3.5 6.4 16.8 117 0.53 20 16 49.7 22.50 15.27 3.96 3.08 14.90 5.60 0.88 0.66 0.22 114 43 15 39.3 53 7.0 

LHD 90 9.5 360 92 2.2 269.7 24 4.8 16.7 20.2 163 0.69 13 17 45.8 33.60 17.93 8.79 6.68 22.73 7.97 2.01 0.68 0.23 119 61 15 44.7 80 8.2 

MEL 80 5.8 292 71.6 1.7 211.7 25 4 5.9 21.7 157 0.55 21 24 40.6 45.23 23.97 18.48 17.09 23.07 7.30 1.70 0.51 0.09 117 56 15 34.0 44 5.5 

MTN 80.3 9.5 367 119 1.6 277 20 4 11 17.3 125 0.64 18 16 45.1 32.70 19.43 11.94 10.69 17.47 6.90 1.10 0.53 0.09 115 41 16 42.0 47 8.2 

ZIE 115.3 12.7 360 98.6 1.8 235 28 4 10.2 19.8 224 0.61 15 21 56.6 33.23 18.00 9.93 8.18 18.77 7.57 1.66 0.57 0.17 118 45 15 50.7 74 7.2 
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Figure 1. Representation of date palm accessions on the plan 1- 2 
of PCA 

BRR : Bourar ; MTN : Mentouj tissgharine ; BZG : Bouezgagh ; 
BST : Black bousthammi; KHL: Khalt iaach; LHD: Khalt 
Lohmadi ; ECT : Elahmer chetoui ; EED : Elasfer eljaid ; ZIE : 
Khalt zoubir ibn laouam ; HFL : Hak feddan laaneb ; IAS : Khalt 
iaissi ; EMS : Elmensoum ; IAH : Khalt abdelghani ; IKL : 
Iklane ; MEL : Mentouj lhaj lehbib ; KBN : Khalt bheir ngli ; 
KKL : Khalt khel. 

 
Figure 2. Representation of date palm accessions on the plan 1-3 
of PCA. 

BRR : Bourar ; MTN : Mentouj tissgharine ; BZG : Bouezgagh ; 
BST : Black bousthammi; KHL: Khalt iaach; LHD: Khalt 
Lohmadi ; ECT : Elahmer chetoui ; EED : Elasfer eljaid ; ZIE : 
Khalt zoubir ibn laouam ; HFL : Hak feddan laaneb ; IAS : Khalt 
iaissi ; EMS : Elmensoum ; IAH : Khalt abdelghani ; IKL : 
Iklane ; MEL : Mentouj lhaj lehbib ; KBN : Khalt bheir ngli ; 
KKL : Khalt khel. 

3.2. Matrix correlation 

Analysis of matrix interrelationships between the 
variables studied (Table 6) showed that leaf length (P3) 
was positively correlated to spined part length (P1) and 
petiole width at the bottom (P2). Leaf width (P4) was 
correlated to leaf length (P3) and petiole width at the 
bottom (P2). Leafleted part length (P6) was in correlation 
with leaf length (P3) and leaf width (P4).  

High intercorrelations were observed between spines 
number (P7) and petiole width at the bottom (P2), leaf 
length (P3) and leaf width (P4). Spine width at the middle 
(P8), spines number (P7), leaf width (P4), leaf length (P3) 
and petiole width at the bottom (P2) were correlated with 
spine length at the middle (P9). High correlations were 
also noticed between leaflets number (P11) and petiole 
width at the bottom (P2), leaf length (P3) and spines 
number (P7). Leaflet width at the middle (P14) was 
correlated to spine width at the middle (P8). The 
correlation matrix also showed a significant 
intercorrelation between leaflet length at the middle (P15) 
and petiole width at the bottom (P2), leaf length (P3), leaf 
width (P4), rachis thickness between the last spine and the 
first leaflet (P5), spines number (P7), spine length at the 
middle (P9) and leaflets number (P11). Fruit width (P17) 
was correlated to fruit length (P16). A high correlation was 
observed between fruit weight (P18) and fruit sizes (P16, 
P17). Length, width and weight of fruit (P16, P17 and 
P18) were strongly correlated to pulp weight (P19). Seed 
length (P20) was correlated to fruit length (P16) and the 
weight of fruit and pulp (P18, P19). Seed weight (P22) was 
highly correlated to seed length and width (P20, P21). 
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Table 6 Coefficients of correlation between the studied characters in date palm accessions. 

Variables P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20 P21 P22 P23 P24 P25 P26 P27 P28 P29 P30 

P1 1 0.4729 0.6657 0.2698 0.1441 0.0120 0.5191 0.1567 0.4169 0.1500 0.3705 0.2683 0.0889 0.4132 0.3230 0.2418 0.0219 0.2069 0.2020 0.4621 -0.1261 0.0358 0.1014 -0.2318 0.2211 0.4342 0.0356 0.3929 0.1507 -0.0441

P2 1 0.6955 0.7626 0.2590 0.5089 0.7060 0.4167 0.6659 0.1404 0.7657 0.2036 -0.4787 0.3311 0.6330 0.3391 0.2703 0.3975 0.3680 0.3712 0.2788 0.2909 -0.1409 -0.3180 0.3850 0.2564 0.3435 0.4091 0.6040 0.1675 

P3 1 0.6547 0.5115 0.7494 0.7075 0.4202 0.6810 0.1552 0.6841 0.3655 -0.1825 0.4162 0.6446 0.0824 0.0966 0.2139 0.1798 0.3877 0.3339 0.2612 0.2366 -0.1680 0.0912 0.3837 -0.0366 0.3857 0.2333 0.5421 

P4 1 0.5126 0.6293 0.7630 0.3834 0.6583 -0.0049 0.5411 0.2581 -0.5458 0.3103 0.8729 0.0239 0.2607 0.2873 0.2701 0.0551 0.1507 0.0744 0.0215 -0.2524 0.3906 0.1174 0.3608 0.4223 0.3647 0.4110 

P5 1 0.5820 0.5912 0.2369 0.4055 -0.0024 0.5082 0.2251 -0.0910 0.3265 0.6602 -0.2260 0.1299 0.0091 -0.0161 -0.1108 0.3200 0.1379 0.2280 -0.0077 -0.2588 -0.0193 0.0075 -0.0823 -0.1339 0.5088 

P6 1 0.5153 0.4138 0.5627 0.1388 0.5985 0.2593 -0.3180 0.1567 0.5822 -0.1106 0.0963 0.0955 0.0516 0.1330 0.5680 0.3502 0.2654 0.0067 -0.0489 0.1771 -0.0818 0.1612 0.1801 0.7777 

P7 1 0.3752 0.6367 0.1433 0.6936 0.2752 -0.3653 0.4594 0.7659 0.3067 0.4876 0.5376 0.5047 0.4602 0.2929 0.3964 0.0517 -0.3217 0.3610 0.5067 0.3094 0.5292 0.3696 0.3121 

P8 1 0.6265 0.0556 0.3983 -0.0897 -0.2389 0.6615 0.4078 0.2995 0.1213 0.1498 0.1432 0.2038 0.0484 0.0561 -0.2018 -0.1551 -0.3620 0.2157 0.2517 -0.0997 0.1886 0.0934 

P9 1 0.2659 0.5396 0.4469 -0.4337 0.4250 0.6590 0.1481 0.0269 0.1305 0.1031 0.2316 0.0756 0.1476 0.0220 -0.1254 0.1121 0.3090 0.2280 0.1892 0.4036 0.3046 

P10 1 0.2936 0.0360 0.3031 -0.0084 0.1460 0.1255 -0.1235 0.0795 0.0865 0.0869 -0.2134 -0.0386 -0.1074 -0.1469 0.1922 0.2908 0.0850 -0.0775 0.0019 0.2810 

P11 1 0.2327 -0.2751 0.3906 0.6850 0.1403 0.1479 0.2330 0.1923 0.2603 0.4680 0.4289 0.0447 -0.0844 0.0859 0.2060 0.0383 0.2198 0.3812 0.3817 

P12 1 0.0311 0.1531 0.3999 -0.3369 -0.1945 -0.1109 -0.1391 -0.0308 0.2767 0.1635 0.4119 0.1919 0.0973 0.0301 -0.4077 0.2222 -0.0798 0.2494 

P13 1 0.1284 -0.3944 -0.0801 -0.1523 -0.0759 -0.0447 -0.1138 -0.1689 -0.2487 -0.0174 -0.0168 -0.3842 -0.0893 -0.2229 -0.2311 -0.6984 0.0645 

P14 1 0.4321 0.3929 0.4103 0.4327 0.4290 0.3131 0.0737 0.1271 -0.2510 -0.3732 -0.2982 0.2949 0.3016 0.1419 -0.1373 0.0161 

P15 1 -0.1727 0.0674 0.0884 0.0690 -0.0735 0.1341 0.0622 0.1735 -0.0753 0.1888 0.0967 0.1120 0.2511 0.2078 0.4294 

P16 1 0.7768 0.8617 0.8685 0.7192 -0.0313 0.2538 -0.6905 -0.7387 0.2203 0.4684 0.5577 0.2114 0.3520 -0.3646

P17 1 0.9447 0.9372 0.5938 0.2474 0.3989 -0.4895 -0.6955 0.2563 0.4133 0.5345 0.3620 0.1812 -0.1101

P18 1 0.9964 0.6909 0.1807 0.3771 -0.5255 -0.7663 0.3867 0.4952 0.5423 0.4443 0.2176 -0.1018

P19 1 0.6514 0.1091 0.3023 -0.5747 -0.8024 0.3759 0.4527 0.5460 0.4058 0.1968 -0.1354

P20 1 0.4013 0.7104 -0.0056 -0.2789 0.3422 0.8673 0.2806 0.5368 0.3073 -0.0803

P21 1 0.8585 0.4407 0.2952 -0.0203 0.2789 -0.1412 0.3149 0.0360 0.4146 

P22 1 0.3725 0.2165 0.2357 0.6490 0.1008 0.5012 0.2046 0.2185 

P23 1 0.8154 0.0509 0.2300 -0.4689 0.2545 -0.1673 0.4430 

P24 1 -0.1451 -0.0863 -0.4116 -0.0307 -0.1139 0.2556 

P25 - 1 0.3662 0.3688 0.6737 0.4458 -0.0092

P26 1 0.2620 0.5775 0.2331 0.1043 

P27 1 0.3635 0.2031 -0.0603

P28 1 0.3123 0.2836 

P29 1 -0.0768

P30 1 

Seed fruit/length ratio (P23) was negatively correlated to 
fruit length (P16) and correlated positively to seed/fruit 
weight (P24). A high negative intercorrelation was shown 
between seed/fruit weight ratio, fruit length and width 
(P16, P17) and fruit and pulp weight (P18, P19). Spadice 
width at the middle (P26) was correlated to spadice length 
at the ramified part (P28). Spathe length (P29) was 
positively correlated to the petiole width at the bottom (P2) 
and correlated negatively to the terminal leaflet width 
(P13). A high correlation was also found between spathe 
width (P30) and leafleted part length (P6). 

3.3. Cluster analysis 

UPGMA produced a dendogram with five phenotypic 
groups identified among the 17 date palm accessions 
(Figure 3). The level of dissimilarity ranged from 0.37 to 

0.92. The BRR, MTN, LHD, and IAH cultivars were part 
of the first cluster. BRR and MTN originated from 
Tissgharine whereas LHD and IAH originated from Jenan 
lohmadi and Bheir ingli, respectively. The second group 
included six cultivars that can be divided into two 
subgroups: KBN and KHL from Bheir ingli; and BZG, 
BST and KHL from Jenan lohmadi and EMS from Way 
hamama. The third cluster included four cultivars: ECT 
and EED from Aghlal lekhyat mehdia, HFL from Fedan 
laaneb tansita, and KKL originating from Sefsafa. EED 
and KKL were closely related to the lowest registered 
dissimilarity level (d = 0.37). The fourth group included 
two cultivars: ZIE originating from Fedan laaneb tansita 
and MEL belonging to Bheir ingli. The single cultivar IAS 
from Way hamama represented the last cluster. 
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Figure 3 Cluster dendogram of Moroccan date palm accessions. 

BRR : Bourar ; MTN : Mentouj tissgharine ; BZG : Bouezgagh ; 
BST : Black bousthammi; KHL: Khalt iaach; LHD: Khalt 
Lohmadi ; ECT : Elahmer chetoui ; EED : Elasfer eljaid ; ZIE : 
Khalt zoubir ibn laouam ; HFL : Hak feddan laaneb ; IAS : Khalt 
iaissi ; EMS : Elmensoum ; IAH : Khalt abdelghani ; IKL : 
Iklane ; MEL : Mentouj lhaj lehbib ; KBN : Khalt bheir ngli ; 
KKL : Khalt khel. 

4. Discussion 

The aim of this work was the investigation of the 
phenotypic diversity in reproductive and vegetative traits 
in 17 Moroccan date palm accessions growing in the 
Zagora palm grove. The date  palm trees' quantitative 
markers have been used as morphological features to 
detect similarities and differences between date palm 
cultivars growing in different countries, e.g. Tunisia, 
Algeria, Morocco and Mauritania (Rhouma, 1994; 
Elhoumaizi et al., 2002; Mohamed Ahmed et al., 2011). In 
addition, traits related to the reproductive system were 
assessed. Our results are similar to Mohamed Ahmed et al. 
(2011), who studied 30 parameters associated with the 
plant's vegetative and reproductive systems to find a high 
degree of polymorphism in 23 Mauritanian date cultivars, 
and Elhoumaizi et al. (2002), who found a significant 
degree of polymorphism in twenty-six Moroccan date 
cultivars from the Figuig oasis, based on the date palm's 
vegetative system. 

PCA showed that traits related to leaf (petiole width at 
the bottom, leaf length, leafleted part length), spines 
number, leaflets number, spathe width and fruit sizes and 
weight accounted for a high proportion of variability. A 
high correlation was observed between some characters 
(leaf length and leafleted part length and between leaf 
width and leaflet length at the middle ) based on Pearson’s 
coefficient correlation, showing that the tree is 
architecturally arranged, as reported by Mohamed Ahmed 
et al. (2011). 

Cluster analysis revealed that the date palm germplasm 
studied is characterized by a continuous phenotypic 
diversity. This result is confirmed by the obtained 
topology of the dendogram and is due to the extensive 
transfer of plant material between different growing areas. 
As a consequence, geographical origin was not a 
determining criterion for the classification of cultivars. 
Similar findings were reported by Elhoumaizi et al. 
(2002). 

Furthermore, the UPGMA dendogram revealed 
similarities between cultivars based on fruit characteristics 
such as half dry date in LHD and IAH, dry date in BZG 

and EMS, and soft date in EED and HFL. Similarities 
between cultivars based on fruit characteristics were noted 
in LHD and IAH characterised by semi-dry date, BZG and 
EMS with a dry date, EED and HFL exhibiting a soft date. 

5. Conclusions 

The present data showed that characters associated with 
the date palm's vegetative and reproductive organs were 
good discriminating traits to analyse the phenotypic 
diversity in date palms. The traits related to leaf length and 
width, spine, fruit sizes had the best differentiating value. 
Five clusters were obtained by a dendrogram classification 
and showed typical continuous phenotypic variations that 
differentiate the date palm varieties and clones. There was 
a significant phenotypic variability among date palm 
accessions in this research. Biochemical and molecular 
indicators should be investigated in order to accurately 
describe the phenotypic and genetic diversity of Moroccan 
date palm germplasm. 
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Abstract 

Ammi visnaga L. (Apiaceae) is a medicinal plant widely distributed in the Mediterranean area. In Morocco, the umbel is 
traditionally prescribed for mouth care, toothache, and diabetes. This study was designed to examine the affinity of different 
solvents towards total phenolic compounds (TPC) from the dried umbels of Ammi visnaga. Mixture Design Response 
Surface Methodology was performed to maximize phenolic compounds and antioxidant activity using the selected solvents 
from the first step. Plant extracts were prepared using the optimized solvent mixtures. Ternary mixture with 66.67% acetone, 
16.67% water, and 16.67% methanol was the most proper mixture to obtain high TPC (29.62 ± 0.60 mg EGA/g dw). Pure 
methanol was appropriate for TAC followed by binary mixture of 50% water and 50% acetone and ternary mixture with 
equal proportion of three studied solvents. Special cubic model explained the variance of the total phenolic content, and the 
antioxidant activity of our extracts at levels of R2 are greater than 95%. In general, the total phenolic content and the 
antioxidant activity of our extracts increased with the increasing amount of water in the methanol or acetone solvent mixture. 
The extraction ability of phenolic compounds was also influenced positively and significantly by the water content.  

Keywords: Ammi visnaga L., Phenolic content, Antioxidant activity, Optimization, Extraction. 
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1. Introduction 

Ammi visnaga L. is a widespread herb in the basin of 
the Mediterranean Sea, Nile Valley, West of Africa, 
Europe, and Asia (Khalil et al., 2020). This species 
belongs to the Umbellifereae family; it contains a wide 
range of bioactive substances. In Moroccan traditional 
medicine, Ammi visnaga L is empirically practiced to treat 
numerous ailments (Jouad et al., 2002). Herb presents 
different pharmacological effects including 
antihyperglycemic effect, antispasmodic effect, 
antiheadache, antinephritic colic, and used widely for 
dental hygiene (Bellakhdar et al., 1991; Ziyyat et al., 
1997).  

The bioactive ingredients possessed high antioxidant 
potential that makes them suitable for maintaining 
different physiological functions (Laaroussi et al., 2020; 
Ousaaid et al., 2020; Pejin et al., 2013). The extraction 
yield is profoundly associated with numerous factors such 
as pedoclimatic conditions, maturity of fruits, variety, 
extraction process, and polarity of extractor solvent.  

The efficacy of the extraction method and suitability of 
extractor solvents affect the composition of the obtained 

extract, which impacts its biological properties. A 
successful extraction technique makes a mixture of 
solvents with suitable proportions. To select an extraction 
method, it is necessary to assess the accuracy, the stability 
of the 
extracted substances, the availability of resources, and 
processing costs leading towards a biological application 
of the extract (Oliveira et al., 2001). Within this frame, 
numerous techniques are coming in the forefront to reduce 
the amount of waste solvents and benchwork developing 
inventory tools including optimization studies (Cavalcanti 
et al., 2021). Optimized extraction constitutes a good tool 
to study the effect of one variable, especially solvent, on 
the recovered bioactive compounds and antioxidant ability 
(Aazza, 2021). Response surface methodology (RSM) is 
an accurate instrument for improving the extraction 
procedure (Saravana Pandian et al., 2022). In addition, it is 
a promoting technique for elaborating, enhancing, and 
optimising procedures. It can evaluate the effect of 
different variables, factors, and their interactions (Farris 
and Piergiovanni, 2009). The experimental combination 
design has been largely used in a variety of fields, 
including  the development of new biofilms and for the 
extraction of secondary metabolites from natural products 
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(Munhoz et al., 2014). The main aim of the experimental 
methodology is to assess how the responses are influenced 
by the fluctuation in the proportions of the mixture 
components. 

Ammi visnaga L. is considered as a member of 
Apiaceae family. It is well known for its numerous 
therapeutic properties due to its high amount of biological 
active compounds (Kamal et al., 2022). Phytochemical 
analysis of Ammi visnaga extract using HPLC revealed the 
presence of numerous phenolic compounds including 
coumarin, apignin, kaempferol, caffeic acid, rutin, 
quercetin, visnagin and ferulic acid (Al-Zaidi and 
Khorsheed, 2021). In the same context, Ahmed et al. 
(2021) listed different bioactive compounds of Ammi 
visnaga such as flavonoids, coumarins and furocoumarins, 
isobensofurans, sesquiterpenes, phthalides, and 
miscellaneous. These molecules possess different 
pharmacological activities including antibacterial, 
anticancer, antidiabetic, and antihyperlipidemic activities 
(Afzal et al., 2021; Ahmed et al., 2021).  

The current work was designed to screen the ability of 
the solvent to extract phenolic compounds from Ammi 
visnaga inflorescence. Secondly, we used statistical 
mixture design beside a simplex centroid model with 
acetone, methanol, and water as extractor solvents, in 
order to boost the extraction of the compounds and 
increase the phenolic activity and other antioxidant 
composites. 

2. Material and methods 

2.1. Chemicals and standards  

  Folin–Ciocalteu reagent, sodium carbonate (Na2CO3), 
sulphuric acid, sodium phosphate, ammonium molybdate, 
acetone, methanol, ethyl acetate, chloroform, 
dichloromethane, toluene, hexane, petroleum ether, gallic 
acid, and ascorbic acid were purchased from Sigme 
Aldriche.  

2.2. Extraction procedure and sample preparation 

 The extractions were carried out in triplicate 
conferring to the following formula: 50 mg of dried and 
pulverized inflorescence of Ammi visnaga was extracted 
for 20 minutes by sonication with 1 mL of solvents 
mixture. The extracts were centrifuged for 15 minutes at 
6000 rpm, and the supernatants were recuperated and 
stored at 4ºC (Ousaaid et al., 2020b). 

2.3.   Total phenolic content (TPC) 

The TPC was quantified using the Folin–Ciocalteu 
method as previously described by (Lamuela-ravents, 
1999). In brief, 50 μL of extract was mixed with 450 μL of 
Folin–Ciocalteu reagent (0.2 N), after 5 minutes, 450 μL 
of a Na2CO3 solution (75 g L-1) was added to the mixture. 
All samples were incubated in the dark environment for 2 
hours, and their absorbance was read at 760 nm in a 
Jenway 6505 UV/visible, scanning spectrophotometer. The 
concentration of the calibration curve (y = 1,6021x + 
0,0683, R² = 0,997) ranged from 0.008 to 1 mg/mL of 
gallic acid. The experiment was prepared in triplicates, and 
the results are expressed as mg equivalent of gallic acid 
(mg EGA/g) of dried plant. 

2.4.  Total antioxidant capacity (TAC) 

The total antioxidant capacity (TAC) of all samples 
was determined using the phosphomolybdenum method 
according to (Prieto et al., 1999). An aliquot of 25 µL of 
the sample solution was mixed principally with 1 mL of 
reagent solution (0.6M sulphuric acid, 28mM sodium 
phosphate, and 4mM ammonium molybdate) in a falcon of 
15 mL. The falcon tubes were covered and incubated in a 
water bath at 95°C temperature for 90 minutes. Then, the 
absorbance of the mixture was measured at 695 nm, 
against a blank, in a Jenway 6505 UV/visible, scanning 
spectrophotometer. Calibration curve was prepared using 
aqueous ascorbic acid solution with doses varying between 
5,0 to 0,0039 mg/mL (y = 0,7889x + 0,0492, R² = 0,996). 
The results are expressed as g of equivalent ascorbic acid 
(g EAA/g) of dried plant. 

2.5.  Evaluation of solvent impact by simplex axial 
design 

 Two dissimilar categories of standard designs are 
usually used for extraction experimentations with 
combinations: (i) simplex-centroid design, and (ii) 
simplex-lattice design.  Both designs will assess the 
triangular reply surface at the vertices (i.e., the corners of 
the triangle) and then the centroids (sides of the triangle) 
(Montgomery, 2012). 

In the simplex-centroid design, different conditions 
tested form a triangle, with pure components in the vertex, 
representing 100% of each single solvent. Central points 
on every side expressing permutations of the binary blends 
(1/2: 1/2: 0; 1/2: 0: 1/2; 0: 1/2: 1/2) and the medium point 
as a ternary mixture (1: 1: 1). This scheme is from time to 
time increased with internal points (axial ones) expressing 
2/3 of one of the targeted solvents and 1/6 for the others 
(Figure1), also known as a Simplex Axial Design (SAD) 

(Sampaio et al., 2015). 
Figure 1. Simplex axial design (SAD). 

To boost the extraction procedure, a mixture design 
was developed as presented in Figure 1. The simplex-
centroid design coupled with axial points in three 
replicates was chosen to determine the solvent 
combination of water (W), methanol (M), and acetone (A) 
on the basis of preliminary results obtained using different 
solvents as presented in Table 1.  
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Figure 1 presents all tested conditions. This design 
permitted the evaluation of linear (W, E and A), quadratic 
(WE, WA, and EA), and special cubic (WEA) models for 
the response under study. 

2.6. Statistical analysis 

All the experiments for selection of the solvent 
proportion, as well as total phenolic content and total 
antioxidant capacity were performed in triplicate, and the 
results were reported as mean ± standard deviation. 

Variance analysis (ANOVA) was applied to determine 
the fittest of the multiple regression model (p <0.05) to 
evaluate the significant effects of the variables and their 
interactions. From the regression coefficients, the response 
and contour surface graphs of the model were generated. 
The analyses were executed via the free version of 
STATISTICA version 10 software (StatSoft, 2011). 

3. Results and discussions 

3.1.   Total phenolic compounds (TPC) 

 Different solvents of different polarities ranging from 
(0.1 to 10,2) have been screened for their ability to extract 
a high amount of TPC, and the obtained results are 
presented in Table 1 and Figure 2. The analysis of data 
revealed that the water, methanol, acetone are the suitable 
extractor solvents to recover the high amounts of TPC, 
while the lowest values were registered in petroleum ether 
and hexane extracts (Table 1). Our findings are in 
agreement with those reported by (Aourabi et al., 2019). It 
has been proved that the mixture of different solvents with 
different polarities is an effective procedure to extract the 
high amounts of bioactive compounds (Aazza, 2021; 
Aourabi et al., 2019; Saravana Pandian et al., 2022). 

Table 1 .polarity index 

 Subtitle: W = Water, M = Methanol, A = Acetone. 

Figure 2: Total phenolic compounds based on different solvents 
used 

3.2. Mixture design optimization of the Extraction 
Process 

Dissimilar levels of water, methanol, and acetone have 
been usually used to extract phenolic content, essentially 
from medicinal herbs (Wang et al., 2008). In this work, we 
have identified the optimal values of the water, methanol, 
and acetone considered as independent variables, to attain 
the extreme response for the extraction of total phenolic 
content from dried inflorescence of Ammi visnaga. The 
recapture of phenolic mixtures is founded on the polarity 
of the solvent applied; thus, we choose methanol, water, 
and acetone as the most appropriate mixture which 
recovered the highest amount of TPC in this experiment. 

  The response surfaces obtained for TPC using mixture 
design as a function of the percentage composition of 
water, methanol, and acetone are illustrated in Figure 3A 
and contour plots are illustrated in Figure 3B. 

Figure 3 A and B showed that the pure acetone has low 
extractor power and presented the lowest amounts of total 
phenolic content, followed by pure methanol, while the 
highest phenolic content was established in water extract. 

The amount of extracted phenolic compounds is 
proportional to the water concentration in the solvent 
mixture using either both methanol and acetone. The same 
results have been reported by (Santos Felix et al., 2018) for 
Spondias mombin L. apple bagasse agroindustrial residues, 
where the lowest contents of phenolic compounds were 
obtained using 100% acetone, 100% alcohol or mixture of 
two extractor solvent (acetone (50%) and ethanol (50%), 
while the highest amounts were obtained only with water 
or mixture of three studied solvents (water, methanol, and 
acetone). Maximum total phenols contents can be expected 
from mixtures mostly rich in water. This shows that 
the extraction yield is highly related to the polarity of the 
extractor solvent. Our finding are in accordance with those 
reported by Rajha et al., (2014). 

The highest values on the contour graph (Figure 3B) 
occurred between the following positions: water (100%), 
water/ acetone (1/2: 1/2) and water (100%), and 
water/methanol (1/2: 1/2). The proportions were optimized 
according to the response surface were (Water 70%), 
methanol (%5) and acetone (25%) as being the maximum 
inside the experimental domain, yielding maximum 
predicted amount of TPC (29,9197 mg EGA/g dry plant).

Solvant Polarity Index 
(P´) 

TPC mg acid galic eq./g 
dry plant 

Petroleum ether 0.1 0,01±0,01 

Hexane 0.1 0,47±0,14 

Toluene 2.4 3,80±0,58 

Dichloromethan 3.1 8,10±0,37 

Chloroform 4.1 10,05±0,24 

Ethanol 4. 3 18,90±1,50 

Ethyl Acetate 4.4 8,91±0,00 

Methanol 5.1 27,06±2,37 

Acetone 5.1 24,55±0,63 

Water 10.2 20,74±0,64 
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3.3. Analysis of variance (ANOVA) 

In order to investigate the fitness and significance of 
the model, the analysis of variance (ANOVA) was 
performed. This analysis also shows the effects of 
individual parameters and interaction of variables of the 
mixture on response parameters as presented in Table 2. 

The F-value compares the dissimilarity of the variances 
in the average responses at the design points and the 
equivalent assessed responses using the linear model 
(linear regression) with the predicted experimental 
variation as assessed from replicated design points (pure 
error). The model F-value of 349.14 implies that the 
selected model is statistically important (Table 3). 

Table 2 :simplex axial design and results  for mixture tested of 
TPC and TAC 

Table 3 . Analysis of variance (ANOVA) results for the mixture 
models 

 SS DF MS F P 

Model 476,04 5 95,20 349,14 0,00 

Total Error 4,0904 15 0,27   

Lack of Fit 2,2870 1 2,28 17,75 0,000867 

Pure error 1,8034 14 0,12   

Total adjusted 480,13 20 24,00   

The p-value (or Prob> F) is the likelihood of attaining 
the F-value. A value less than 0.05 designates that there is 
a statistically significant dissimilarity among the calculated 
means. A value larger than 0.10 defines that there is no 
dissimilarity among the calculated means, whereas the p-
value (or Prob> F) is the probability of achieving the F-
value. A value less than 0.05 specifies that there is a 
statistically significant dissimilarity among the means. A 
value superior than 0.10 designates that there is no 
difference between the calculated means (Sahu et al., 
2009). Hence, in our study, the overall model p-value 
(probability of error value) being less than 0.0001 toughly 
confirms that the model is very significant. 

The linear model explained that the variance in TPC 
content at the level of R2 with a frequency of 62,02% and 
57,87% for R2adj. whereas, the quadratic and special cubic 
model explained better the variance in TPC content at the 
level of R2 with an of (R2: 99, 15 %; R2 Adj: 98, 86%) and 
(R2: 99,62 % 15; R2 Adj: 99, 46%) respectively, indicating 
better how well fit of the model previously analysed is. 
Thus, the quadratic and cubic models were better in 
predicting the behaviour of the mixture.  

The cubic model is given by the equation correlating 
the three variables. Hence, the analytical response is: 

TPC = + 17,08 * acetone + 24,11 * water + 21,56 * methanol + 
26,85 * acetone * water + 4,50 * acetone * methanol + 27,59 * 
water * methanol - 113,28 * acetone * water * methanol + 0, 

  
 

 

Figure 3A : Response surface contour plot of the special cubic model 
predicted TPC as a function of the acetone, water and methanol 
proportions(3D). 

 

Figure 3B : Response surface plot of the special cubic model predicted 
TPC as a function of the acetone, water and methanol proportions(2D). 

 Acetone Water Methanol TPC mg/g 
dry plant 

TAC mg/g 
dry plant 

1 0,00 0,00 100,00 21,69±0,26 168,09±1,23 

2 0,00 50,00 50,00 27,99±0,31 94,18±1,56 

3 0,00 100,00 0,00 28,01±0,13 69,87±1,16 

4 16,67 16,67 66,67 21,68±0,31 111,10±1,93 

5 16,67 66,67 16,67 11,59±0,00 83,76±1,31 

6 33,33 33,33 33,33 27,43±0,25 130,69±1,89 

7 50,00 0,00 50,00 23,71±0,75 78,26±1,09 

8 50,00 50,00 0,00 28,57±0,10 142,72±2,00 

9 66,67 16,67 16,67 29,62±0,60 153,43±1,30 

10 100,00 0,00 0,00 14,44±0,29 45,57±1,94 

All Runs   23,47±6,02 168,09±1,23 
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 To analyse the validity of the regression model, a raw 
residue analysis was performed. 

A normal distribution was observed by comparing raw 
residue results to the expected normal values Figure 4. 

The statistical analysis was carried out with the 
experimental values. The analysis of the main effects and 
their interactions in the form of analysis of variance 
(ANOVA) are presented in (Table 2) at the 95% 
confidence level (p < 0.05). Although the lack of fit was 
significant (p <0.05) for the total content of polyphenols in 
the three extraction times, the cubic model was adjusted 
with significant probability (p <0.05). 

In order to examine the relative importance of the main 
effects and their interactions with statistical significance 
(p < 0.05), a standardized Pareto chart was employed 
(Figure 5). The main factors of different mixtures which 
extend beyond the reference line were significant at the 
level of 0.05.   

Water (B) represented the most significant effect on 
phenolic compounds extraction followed by methanol (C) 
and acetone (A), and finally by the binary interaction of 
pure acetone with both methanol and water. Thus, the 
application of the mixture design was effective to establish 

the best proportion among the solvents for the extraction 
of phenolic compounds.   

  The desirability profile for TPC was generated with 
the values of 12.123 mg EGA/g – low (0.00); 21,404 mg 
EGA /g – intermediate (0.05); and 28.685 mg EGA /g – 
high (1.00). A graphic representation of the predicted 
values and desirability profile are shown in Figure 6. A 
predicted composition of the EO reference mixture and 
experimental data is presented in Table 4.  

Table 4 .Approximate and experimentally determined percentage 
of inhibition (n = 8) for values obtained from desirability profile 
evaluation. 

Data Values measured 
experimentally 

TPC TAC 

 Acetone Water Methanol   

Predicted 
values 

33.33 33.33 33.33 27,43 130.69 

Values 
measured 
experimentally 

   48.68 108.84 

Observed vs. Predicted Values
3 Factor mixture design; Mixture total=100,, 21 Runs

Model: Special Cubic

20 40 60 80 100 120 140 160 180 200

Observed Values

20

40

60

80

100

120

140

160

180

200

Pr
ed

ic
te

d 
Va

lu
es

 
Figure 4: Predicted values (from the model) versus actual values (from experiments). 

Pareto Chart, Standardized Pseudo-Comps; Variable: TPC mg/g dry plant
3 Factor mixture design; Mixture total=100,, 21 Runs

DV: TPC mg/g dry plant; MS Residual=,1288163
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Figure 5: standardized Pareto’s chart analysis of standardized effect for TPC
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Figure 6: Desirability profile for optimization of references mixture of solvents 

3.4.  Total Antioxidant capacity (TAC): 

Recently, the natural substances with high antioxidant 
ability have had a paramount importance due to their 
pharmacological properties (Laaroussi et al., 2020). 
Natural products constitute a dense source of antioxidants 
and are well-known for their efficacy and safety with 
regard to chemicals (Baj et al., 2018). Hence, the main 
objective of the current study was to examine the efficacy 
of the simplex-centroid mixture design method for the 
design of the most suitable extractor solvents mixture to 
recover high amounts of bioactive compounds with potent 
antioxidant properties.  

Assays to measure TAC can be direct, which are 
founded on the capability to prevent the oxidation of a 
substance. On the foundation of the chemical reactions 
convoluted, TAC assays can also be separated into two 
classifications: hydrogen atom transfer (HAT) based 
procedures or on single electron transfer (SET) based 
approaches (Apak et al., 2016). The HAT-based 
techniques measure the aptitude of an antioxidant to 
quench free radicals by hydrogen contribution (Rubio et 
al., 2016). Response surfaces were identified for 
antioxidant activity as a meaning of the extraction solvent 

configurations. The linear, special cubic and quadratic 
models were experienced.  

The highest antioxidant capacity values on the surface 
response and the contour graph are seen to occur with 
methanol or with equivalent proportions of water and 
acetone (Figure 7). The Highest antioxidant activity was 
achieved using the pure methanol and followed by a 
mixture of the studied extractor solvents 
(66.67/16.67/16.67). In contrary, the both solvents, water 
and acetone, were achieved the lowest antioxidant activity. 
This capacity reaches its maximum mixing the equal 
proportions of both solvents. The obtained results are in 
concordance with those reported by (Ribeiro et al., 2013). 
Statistical analysis indicated that the phenolic compounds 
are considered as the main contributors to antioxidant 
ability (Ousaaid et al., 2020c). The obtained results 
revealed that the extracts preformed using ternary solvent 
mixture with equal proportion and those with high 
proportion of methanol present high content of TPC. The 
combination of water and acetone exert their extraction 
effect synergistically, but the introduction of methanol to 
the mixture increases the extractable ability of the 
optimized procedure.
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Figure 7 A: Response surface contour plot of the special cubic model 
predicted CAT as a function of the acetone, water and methanol 
proportions (3D). 

 

Figure 7B: Response surface plot of the special cubic model 
predicted CAT  as a function of the acetone, water and methanol 
proportions (2D). 

3.5.    Analysis of variance (ANOVA) 

ANOVA is applied to the linear, quadratic, and even 
special cubic models showed significant lack of fit at the 
95% confidence level for total antioxidant capacity. The 
special cubic model is given by the following polynomial 
equation: 

TAC = + 59,21 * acetone + 60,85 * water + 163,46 * methanol + 
349,26 * acetone * water - 96,27 * acetone * methanol - 126,51 * 
water * methanol + 597,12 * acetone * water * methanol + 0, 

In the statistical experimental design, the full cubic 
model, including linear and interaction terms, was chosen 
to describe the mixture composition. The responses and 
the consistent factors are optimized and modelled using 
ANOVA test to assess the statistical parameters via means 
of response surface technique (Table 5) and in order to 
evaluate which terms have more influence on the response 
variables using the p value (significance probability), 
always checking if the model was well adjusted to data by 
R2 (coefficient of determination).  

Table 5 : analysis of variance ( ANOVA) results for the mixture 
models 

 SS DF MS F P 

Model 33727,77 6 5621,29 13,24 0,000002 

Total Error 9759,45 23 424,32   

Lack of Fit 9531,47 3 3177,15 278,72 0,000000 

Pure error 227,98 20 11,39   

Total 
adjusted 

43487,23 29 1499,55   

According to Table 5, the model was significant since p 
value was lower than 0.01, and F value was high (F= 
13,25). We also found a high correlation between observed 
and predicted values for antioxidant activity (Figure 8). 

The standardized Pareto chart (Figure 9) shows that all 
extractor solvents and some of their interactions were 
significant except the binary combination of acetone-
methanol and the ternary combination of the three 
solvents. It is worthy to note that the methanol solvent 
affects the extraction of antioxidant compounds from 
Ammi visnaga. 
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Figure 8: Predicted values (from the model) versus actual values (from experiments). 

 
Pareto Chart, Standardized Pseudo-Comps; Variable: TAC mg Acs./g dry plant

3 Factor mixture design; Mixture total=100,, 30 Runs
DV: TAC mg Acs./g dry plant; MS Residual=424,3241
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Figure 9: Analysis of Pareto chart of the standardized effects for TPC 

4. Conclusion 

In this work, the extraction with different solvents 
using simplex-centroid mixture design in order to find the 
optimal solvents mixture for extraction was studied. This 
study indicated that ternary mixture of water-acetone-
methanol (66.67/16.67/16.67) was the most appropriate 
solvent mixture for extraction of phenolic compounds. 
While, the highest antioxidant activity occurs with 
methanol and ternary interaction between acetone, water, 
and methanol (66.67/16.67/16.67). Meanwhile, the pure 
methanol appeared to be the best extractor solvent of 
antioxidant compounds from Ammi visnaga.  

5. Data Availability  

The data used to support the findings of this study are 
included within the article. 
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 Abstract 

Acinetobacter baumannii is a nosocomial bacterium that has become a global issue due to high levels of resistance to various 
antibiotics, notably last-resort treatments like carbapenems. The goal of this study was to use Clonal lineage and 
enterobacterial repetitive intergenic concensus - polymerase chain reaction (ERIC-PCR) finger-printing techniques to 
determine the source of the epidemic and the routes of A. baumannii isolates transmission. Sputum, blood, urine, burn 
wounds, and fluids from patients hospitalized to several hospitals in Baghdad, Iraq yielded 75 A. baumannii isolates. 
Morphological testing and PCR with blaOXA-51 gene primers were used to identify A. baumannii isolates. The phenotypic 
results for A. baumannii isolate discovery were verified (100%) by molecular analysis. Twenty-nine A. baumannii isolates 
were categorized as multidrug-resistant (MDR), 36 as XDR, and eight as pan-drug resistant (PDR), whereas two isolates 
were responsive to most antibiotics. The lineages of the isolates were determined, with 8 belonging to group one, 6 to group 
two, and none to group three. 45 carbapenem-resistant Acinetobacter baumannii (CRAB) strains were grouped into six 
groups using ERIC-PCR fingerprinting genotyping analysis (selected only the 45 isolates resistant to carbapenem). The other 
seven strains were single strains. A significant level of genetic similarity was found amongst A. baumannii isolates from 
hospitalized patients, implying cross-transmission. The most likely explanation of the rise in A. baumannii occurrences in 
Baghdad patients was the spread of six epidemic clones, highlighting the importance of the study. To avoid nosocomial 
Acinetobacter baumannii spread, enhanced infection control methods are required. The findings further suggest that ERIC-
PCR is a quick and accurate method for determining the clonal similarities of A. baumannii isolates from a variety of clinical 
samples. 

Keywords: Clonal relationship, Acinetobacter baumannii, Genetic typing, Enterobacterial repetitive intergenic consensus – polymerase 
chain reaction. 
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1. Introduction  

  Acinetobacter baumannii has become one of the most 
difficult pathogens to control and treat among healthcare-
associated illness pathogens (Szczypta et al.,2021). A. 
baumannii can cause a variety of infections, including 
bloodstream infections, surgical site infections, 
pneumonia, and urinary tract infections (Godziszewska et 
al.,2016). It has been discovered that it spreads in the 
hospital environment, causing epidemic outbreaks among 
hospitalized patients, due to its ability to colonize the skin, 
medical devices, and respiratory systems of patients and 
health care staff (Antunes et al.,2014). It can also form 
biofilm on surfaces that are not alive (Peleg et al.,2008). 
The ability to build biofilms and the presence of drug 
resistance mechanisms appear to be the greatest 
approaches to increase hospital mortality (Krzyciak et al., 
2017). 

  Many drugs are naturally resistant to A.baumannii, 
and resistance can also be acquired by chromosomal 
changes and horizontal gene transfer (Pormohammad et 
al.,2019). The emergence of exceptionally drug-resistant 
(XDR) and multidrug-resistant (MDR) A. baumannii has 

become a public-health issue in both developed and 
developing countries (Salih & Shafeek,2019). Globally, 
resistance to last-resort antibiotics such as colistin and 
carbapenems is on the rise (Theriault et al.,2019). 

  Carbapenem-resistant Acinetobacter baumannii 
(CRAB) outbreaks are common in healthcare facilities, 
particularly in intensive care units (Ridha et al.,2019). 
These outbreaks can be enhanced by clonal transmission or 
the spread of genetically unrelated strains. Clonality can be 
examined using molecular typing methods in such 
contexts, and several techniques have been used to type 
organisms in various environments (Alnimr et al.,2019). In 
the event of an incident, PCR-based genotyping schemes 
such as PCR-based sequence group typing, in which A. 
baumannii has been divided into three distinct groups, 
designated Group 1–3, based on their csuE (part of the 
pilus assembly system needed for biofilm formation), 
ompA (outer-membrane protein A), and blaOXA-51-like 
genes, are quick, cheap, and simple to use instruments for 
typing A. baumannii. In the same group of isolates, all 
three loci contained the same combination of alleles, 
indicating that the outbreak strains studied belonged to 
three primary clonal lineages. Using sequence changes 
across alleles, multiplex PCRs has been designed to 
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quickly detect isolates that belong to specific genotypes or 
sequence groupings (Turton et al.,2007). 

Enterobacterial repetitive intergenic consensus (ERIC) 
sequences are the most common repeated elements used 
for genetic typing (Ali & Khudhair, 2019). Non-coding 
transcribed areas are represented by ERIC sequences, 
which contain a higher central conserved inverted repeat 
(Yoke-Kqueen et al.,2013). The ERIC amplicon's 
sequence number and location are utilized as genetic 
markers to type and differentiate gram-negative bacteria 
(Omid et al., 2018). The goal of this study is to identify the 
origins of the outbreak and the transmission routes of A. 
baumannii isolates, which will be evaluated using clonal 
lineage and ERIC-PCR as a genetic typing technique. 

2. Materials and Methods 

2.1. Sampling 

A total of 75 isolates have been taken from various 
hospitals in Baghdad (Central Children's Hospital, 
Baghdad Teaching Hospital, Burn Hospital, Children 
Protection Teaching Hospital (Medical City), Al-Imameen 
Al-Kadhimayn City Hospital) during three months from 
March 2021 to June 2021.The isolates included: 75 
specimens taken from wounds, urine, respiratory infections 
(sputum), burns, and CSF of patients setting in hospitals, 
particularly in intensive care units. All the isolates were 
characterized via VITEK 2 System, the bio-chemical 
reactions between the bacterial isolates that have been 
suspended in their solutions, and media in VITEK2 
Identification Cards. The specimens were transported to 
the laboratory (via transport media) and cultured on A. 
baumannii-selective media (Chrom agar) and MacConkey 
agar, incubated at a temperature of 37oC for 24hrs under 
aerobic conditions. Then the colony's color, shape, edges, 
and texture were examined (Atlas et al.,1997).  

2.2. Antimicrobial sensitivity test 

   The susceptibility of antibiotics to the antimicrobial 
agents listed below has been determined by using the disk 
diffusion approach on Mueller-Hinton agar (Merck, 
Germany) in accordance with the clinical and lab standards 
institute (CLSI 2020) Guidelines: meropenem (10µg), 
imipenem (10µg), cefixime (5µg), ceftazidime (30µg), 
cefepime (30µg), amoxicillin/clavulanate (20/10µg), 
amoxicillin (25µg), piperacillin-tazobactam (100/10µg), 
piperacillin (100µg), amikacin (30µg), gentamicin (10µg), 

Trimethoprim/sulphamethoxazole(25µg), ciprofloxacin 
(5µg), colistin sulfate (10µg) and tetracycline (30µg) were 
utilized. A fresh 24h bacterial lawn of the isolates was 
utilized for the preparation of 0.50 McFarland (1.50 × 
108 CFU/ml) bacterial concentration. The bacterial growth 
inhibition diameter has been assessed and compared with 
reference tables that have been provided by the CLSI 
(CLSI, 2020). 

2.3. DNA Extraction  

Bacterial DNA extract was extracted from the Nutrient 
agar after 24 hours of incubation at 37ºC according to the 
boiling method as Annotated in Abed & Ali ( Abed 
and Ali,2020).  In a brief, 5 colonies have been thoroughly 
suspended in 1mL DNase- and RNase-free water and 
boiled for 10min. After centrifugation, five microliters of 
the supernatant were used as template DNA. DNA 
preparations were stored at - 20 C until they were needed 
for PCR. 

2.4. Genotyping detection 

It was confirmed by amplifying the blaOXA-51 gene 
for A. baumannii confirmation, detection by PCR 
technique in comparison with positive controls strain 
(Zueter & Harun, 2018; Ridha et al., 2019).  

2.5. PCR - Based Sequence  Group Typing 

  Multiplex PCR is used for the identification of the 
groups (international clones) of 1-3 organisms. This has 
been achieved with the use of primers given in Table 1 that 
were utilized for amplifying csuE, ompA, and blaOXA-51-
like genes, which were applied for designating 
the sequence groups as well as the corresponding 
main international clones I–III as stated by Turton et 
al.(Turton et al.,2007). PCR was performed under the 
following conditions: 3 mins at 94oC, then 30 cycles of 
45sec at 94oC, 45sec at 57oC, and 1min at 72 oC, followed 
by a 5mins extension at 72 oC. For a strain to be classified 
as a member of group 1 or 2, it needed to have all three 
fragment amplifications in the corresponding multiplex 
PCR and no amplification in the other multiplex PCRs. 
PCR amplification of only ompA segment in group 2 and 
csuE and blaOXA-51-like fragments in group 1 was used 
to characterize the isolates in group 3 (Turton et al.,2007). 
The PCR products have been separated on 1% agarose gel 
and seen under ultraviolet light after being stained with 
ethidium bromide. 
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Table 1: Primers that have been utilized in multiplex PCRs for 
identifying sequence type groups 

Primers Sequence (5″ to 3″) Size of the 
Amplicon 
(bp) 

Group1 
ompAF306 

GATGGCGTAAATCGTGGTA  

Group1 and 
2ompAR660 

CAACTTTAGCGATTTCTGG 355 

Group1 csuEF CTTTAGCAAACATGACCTACC  

Group1 csuER TACACCCGGGTTAATCGT 702 

Gp1OXA66F89 GCGCTTCAAAATCTGATGTA  

Gp1OXA66R647 GCGTATATTTTGTTTCCATTC 559 

Primer Sequence (5″ to 3″) 
Amplicon 
size (bp) 

Group2 
ompAF378 

GACCTTTCTTATCACAACGA  

Group1 and 2 
ompAR660 

CAACTTTAGCGATTTCTGG 343 

Group2 csuEF GGCGAACATGACCTATTT  

Group2 csuER CTTCATGGCTCGTTGGTT 580 

Gp2OXA69F169 CATCAAGGTCAAACTCAA  

Gp2OXA69R330 TAGCCTTTTTTCCCCATC 162 

2.6. Genotyping of Acinetobacter baumannii by  ERIC- 
PCR 

  To investigate the genetic diversity and the clonal 
relationship of A. baumannii isolates, specific ERIC-PCR 
primers were used to identify the number of genetic 
patterns of isolates. ERIC-
1(5′TGTAAGCTCCTGGGGATTCAC3′) and ERIC-2 
(5′AAGTAAGTGACTGGGGTGAGCG 3′) were 
employed for this phase, as indicated via Coudron et al. 
(Coudron etal.,2000). The amplification reaction volume 
has been 25μl, while the cycling conditions were: After 5 
minutes of denaturation at 94 ° C, 35 cycles of 1 minute at 
95 ° C, 1min at 52oC, 5min at 72oC, and a final extension 
of 10min at 72oC have been completed. Furthermore, the 
amplified products were separated by electrophoresis and 
stained with ethidium bromide on a  1% agarose gel. 
UPGMA was used to cluster the ERIC patterns, and the 
coefficient of Dice similarity has been utilized to compare 
them (Sallman et al.,2018).  

3. Results 

  Over three months, 75 isolates of A. baumannii were 
collected from various hospitals in Baghdad/Iraq and 
genotypically and phenotypically confirmed as A. 
baumannii (Table2). 

Table2: Distributions of A. baumannii strain specimens (n = 75) 

samples Number of isolates 

Sputum  20 (26%) 

Blood 18 (24%) 

Burn 13 (17%) 

Wound s.  10 (13%) 

Urine 7 (9%) 

CSF 4 (5%) 

Fluid 3 (4%) 

Total 75 (98%) 

    
The phenotypic test results exhibited that all the 
isolates showed a pinkish tint colony due to non-
lactose fermentation when cultured on MacConkey, 
while light purple with a halo around the colonies on 
chrom agar. 
 For confirming phenotypic identification regarding 
the A. baumannii isolates, PCR testing of the 
blaOXA-51 gene revealed that 75 (100%) 
isolates had the target gene (Figure1). 

 
Figure 1: The blaOXA-51 gene product size (band 353 bp) was 
detected by using agarose gel electrophoresis (1% agarose, 
7v/cm2) with Ethidium bromide staining. Utilizing the template 
DNA that was prepared with the use of the boiling method. The 
molecular size of the DNA ladder was 100 bp, located in the 
middle (M). DNA isolated from A. baumannii samples have 
shown positive PCR, with a positive control on the right and 
negative control on the left.  

3.1. Antibiotic sensitivity test 

  The susceptibility profiles of 75 clinical isolates of 
A. baumannii to the antimicrobials studied were 
obtained in  (Figure 2A). Among 75 A.baumannii 
with drug-resistant strains, most strains were 
resistant to common antimicrobial agents, although 
colistin was more effective. Interestingly, 
carbapenem appears to be a moderately effective 
antibiotic in this research. It is clear that A. 
baumannii isolates show a high level of resistance to 
piperacillin (98.66%) and amoxicillin (91%). The 
resistance pattern differed between samples from 
various sources, including 38.6 % (29/75) of A. 
baumannii isolates were classified as MDR, 48 

blaOXA-51  (353 bp) blaOXA-51  (353 
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%(36/75) as XDR, and 10.6 %(8/75) as pan-drug 
resistant. At the same time, two isolates 2.6% (2/75) 
were susceptible to fourteen of the sixteen antibiotics 
tested.  

The dendrogram is based on the antimicrobial drug 
sensitivity pattern of seventy-five A. baumannii isolates. In 

this dendrogram, the isolate (63spu) was the origin of 
isolates responsible for resistance that utilized a 0. 4 cutoff 
to produce two clusters and then divided into different 
isolates with genetic variations. This indicated its ability to 
acquire different resistant genes as indicated in    (Fig 2B).  

 

 
 Figure 2A: Antimicrobial resistance (%) of A. baumannii isolates. 
 

     Figure 2B: Antibiogram typing analysis for 75 clinical A. baumannii isolates, by Dice coefficient values.    
 The accessions are obviously divided into two distinct 

clusters, A and B. Cluster A is divided into two 
subclusters, A1 and A2. The subcluster A1 consists of 
three isolates that were resistant five to eight antibiotics. 
The subcluster A2 is further divided into subgroups A2.1 
and A2.2. The subgroup A2.1 consisted of five isolates 
which were resistant to three to sixteen antibiotics and 
subgroup A2.2 consisted of forty-three isolates which were 
resistant four to sixteen antibiotics. Cluster B also can be 
grouped into two subclusters B1 and B2. The subcluster 
B1 consists of three isolates which were resistant two to 
six isolates, while subcluster B2 is further divided into 
subgroups B2.1 and B2.2. The subgroup B2.1 consisted of 
four isolates which resist three to four isolates and the 
subgroup B2.2 consisted of sixteen isolates which resist 
two to fifteen antibiotics. Finally, all these clusters arise 

from a unique isolate (63 spu.) which was considered the 
origin of resistance.  

3.2. PCR - based Sequence  Group Typing 

  In group one of the clonal complex, all strains 
produced all three PCR fragments. However, there were 
none in group two PCR, while strains in group two 
gave the expected opposite results. Group 3 strains with 
the same ompA allele as Group2 produced the middle 
fragment (for ompA) in the Group2 PCR, yet the top two 
segments (for the other 2 loci) in Group1 PCR. Multiplex 
PCRs can thus be used to quickly classify outbreak strains 
into various sequence classes. Our findings revealed that 
eight isolates belonged to group one, six isolates to group 
two, and 39 isolates to group three. This method could not 
be used to type 22 isolates (Figure3) (Table 3).

 
 

clusterA

A2 

B1 B2 

A2.A2.2 

B2.1 
B2.2 

ClusteB 

Unique isolate 
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Figure3: Genetic detection of the global lineage through the multiplex PCR for 2 listed primers G1 ompA (355 bp), csuE (702 bp) & 
blaOXA-51-like/ 66 (559 bp) and G2 ompA (343 bp), csuE (580 bp) & blaOXA-51-like/66 (162 bp). Agarose Gel Electrophoresis (1% 
Agarose, 7V/Cm2) and Ethidium Bromide Staining to complete detection. In middle lane, molecular size DNA Ladder (100 bp DNA 
Ladder) and C indicate the negative control, isolates (24, 25, 28, 31 & 56) under G1 (ICI) due to harboring all G1 genes. 

Table3: Determination of International Clone Types of A. 
baumannii isolates 

Isolates 
number for 
each group 
with 
persentages 

Isolates Groups of 
international 
clone 

22 (29.3%) 1CSF.,7 BL.,10 B.S, 14 spu.,15 
BL.,16 spu.,18 W.S., 19 spu.,29 
Uri.,30 spu.,34 spu.,35 BL. 
36BL.,39 spu.,41 spu.,52BL.,59 
B.S.,60 spu., 69Spu, 70 B.S, 71 
BL., 76 B.S  

G0 

8 (10.6%) 12 W.S, 24 Ur., 25 BL., 28 Spu., 
31 FL., 51 B.S, 56 Spu., 75 FL.  

G1 

6(8%) 3 Spu., 4 BL., 6 CSF, 21 BL., 45 
B.S, 67 Ur. 

G2 

39(52%) 2 W.S, 5 B.S, 8 BL., 9 BL, 11 
W.S, 13 CSF, 17 w.s, 20 BL., 22 
BL., 23 Ur., 26 W.S, 27 W.S, 32 
BL., 33 Spu., 37 Spu.,38 Spu. 42 
Spu.,43 W.S,44 CSF, 46 Ur.,47 
Ur.,48 B.S,49 FL.,50 B.S, 
53Spu. 54 Spu.,55 Ur., 57 B.S,58 
B.S, 61 W.S,62 B.S,63 Spu.,64 
BL.,65 BL.,66 W.S, 68 W.S, 72 
BL.,73 Spu.,74 BL. 

G3 

 

BL.: Blood, CSF: cerebrospinal fluid, Spu.: 
sputum, Uri.:urine. W.S.:wound swab, B.S: burn 
swab, FL.:fluid. 
 

3.3. Amplification of DNA by ERIC – PCR  

The ERIC-PCR fingerprinting technique has been 
utilized in order to classify A. baumannii strains obtained 
from different samples and at the same location and 
isolation period. It produced 17 DNA amplicon bands 
ranging from 100 to 1400 bp on average. Clonal diversity 
was discovered among 45 carbapenem-resistant A.  
baumannii isolates by detecting 13 ERIC patterns (ERIC - 
types), six of which were common type (A-F) that were 
divided into two clusters (Clusters 1–II) and seven unique 
types with a 97% similarity level. ERIC-type E was 
identified as the dominant type, with 11 isolates belonging 
to it (24.4%). In addition, genotype C had 5 isolates, 
followed by genotypes B and F (four isolates), and A and 
D (three isolates). Other isolates have been distributed in 
other patterns, revealing seven single types (between them, 
two isolates, 35 Flu. and 75 Flu., were considered the 
origin of types), and eight isolates were non-typed by 
ERIC PCR. Our results classified 30 (66.6%) isolates into 
six main genotypes (Figure4). 
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Figure 4:  ERIC dendrogram utilizing the Bionumerics Fingerprint Analyst Software (Applied Maths) and unweighted pair groups, Dice 
technique, and arithmetic averages at 97% similarity on 45 Acinetobacter baumannii isolates. 

4. 4. Discussion 

    A.baumannii is a potential nosocomial pathogen 
that causes a wide range of illnesses, from small soft 
tissue infections to more serious infections like 
bacteremia and ventilator-related pneumonia 
(Moubareck & Halat,2020). In this study, 75 
Acinetobacter baumannii isolates were found in 
sputum, blood, wounds, burns, urine, fluids, and 
cerebrospinal fluid from patients with nosocomial 
infections. Our findings reveal that most isolates 
obtained were from sputum (26%) followed by blood 
(24%). This indicated that respiratory tract 
infections, which are typically connected with 
endotracheal tubes or tracheostomies, peritonitis in 
patients undergoing peritoneal dialysis, and catheter-
related blood circulation infections were the most 
common types of A. baumannii clinical isolates. Our 
findings matched those of prior investigations by 
Saed et al. (2015) and Smail & Ganjo (2020). 
Mechanical ventilation, endotracheal intubation, and 
intravascular catheterization have all been linked to 
respiratory infections in previous research (Raka et 
al.,2009).    

The rapid rise of MDR-AB and XDR-AB strains has 
become a serious problem in the treatment of hospital-
acquired infections in recent years (Pournajaf et al.,2018). 
A. baumannii isolates developed resistance to the most 
routinely prescribed antimicrobial drugs, including 
aminoglycosides, cephalosporins, and extended-spectrum 
penicillins, in combination with -lactam inhibitors, 
quinolones, and carbapenems, according to our laboratory 
findings (Figure 3-A). The isolates were then categorized 
into three categories based on their antibiotic resistance 
pattern: MDR 38.6 % (29/75), XDR 48 % (36/75), and 
PDR 10.6 % (8/75) based on these findings. The drug of 
choice for treating the infection was carbapenems. 
However, A. baumannii resistance to carbapenem in 

clinical isolates has recently been identified as a serious 
danger, meaning that if carbapenem is misused, early 
treatment discontinuation will likely result in a rapid 
increase in resistance and treatment failure (Gango et 
al.,2016). Due to bacteria's ability to acquire antibiotic 
resistance genes and survive for days in the hospital 
environment and on the hands of health-care workers 
(HCWs), endemic A. baumannii strains may be transferred 
and persist in hospitals (Shalaby et al.,2016). Colistin is 
one of the most extensively used alternative medicines for 
carbapenem-resistant A. baumannii, according to Behera 
and his group study (Behera et al.,2017). Colistin is still 
one of the most effective single antimicrobial agents 
against multidrug-resistant Acinetobacter baumannii, and 
it's frequently employed as a last resort (Hatami,2018). 
These findings are similar to those of Xie et al. (2018) and 
El-Kazzaz et al. (2020). 

A. baumannii is able to acquire antibiotic resistance 
genes and survive for days both in the hospital 
environment and on the hands of healthcare workers 
(HCWs), which could lead to possible transmission and 
the persistence of endemic A. baumannii strains in 
hospitals (Shalaby et al.,2016) 

Previous studies indicated that each antimicrobial agent 
(except colistin) had a resistance pattern of greater than 
50% against A. baumannii in various clinical specimens. 
Colistin sensitivity was determined in all clinical isolates 
(100 percent). Antibiotic overuse in hospitalized patients, 
as well as delays in discharge, organ implants, and 
prolonged catheter use, are all contributing to the spread of 
resistant bacteria among vulnerable patients (Amini et 
al.,2012) 

Different molecular approaches have revealed 
genotypic diversity to track the incidence and evolution of 
drug-resistant bacteria (Khuntayaporn et al.,2021). Within 
A. baumannii, two molecular typing approaches, global 
lineage and enterobacterial repetitive intergenic consensus 
- polymerase chain reaction - were applied in our study 
(ERIC - PCR). 

According to PCR analysis, all isolates were employed 
multiplex PCR with their stated circumstances to 
determine which type of clones belong to its two primer 
groups (Turton et al.,2007). Three intrinsic genes, ompA, 
csuE, and blaOXA-51-like, were targeted for this purpose. 

Unique 
isolatess 

ClusterⅠ 

clusterⅡ 

C B A D E F 



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 4 695

In this study, 75 strains were divided into four groups: G1, 
G2, G3, and G0, with all strains from the G1 clonal 
complex producing all three segments in G1 PCR but none 
in G2 PCR, and strains from the G2 generated clonal 
complex producing the expected opposite results. Only the 
ompA allele, as well as csuE and bla OXA-51 - alleles 
found in Group 1 PCR - are shared by Group 3 strains 
(Turton et al., 2007). However, the results of other strains 
did not reveal any of those genes, therefore they were 
quickly labeled as G0, which had never been documented 
before. As a result, the findings of the study revealed a 
significant prevalence of ICIII strains, with 52 % (39/75) 
belonging to this group. While the prevalence of each of 
the ICI was lower, reaching 10.6 %(8/75) for ICII and 8 % 
(6/75) for ICII, respectively. Finally, IC0 achieved a score 
of 29% (22/75). These findings contrast with those of 
Hamidian and Nigro, who found a greater dispersion of 
two major clones I and II on a large scale (Hamidian & 
Nigro,2019). The findings were also in contrast to those of 
Khuntayaporn et al. in Thailand, where recording ICII is 
far more common than recording ICI (Khuntayaporn et 
al.,2021). This difference in study outcomes could be 
attributed to a variety of factors, including geographical 
diversity. 

Forty five carbapenem-resistant A. baumannii isolates 
were typed using ERIC-PCR. Two clusters (6 common 
kinds A-F) of A. baumannii strains with high relatedness, 
of which one ERIC-type predominated, were recovered 
from the same period of location and isolation, indicating 
that epidemiological relatedness has an impact on A. 
baumannii strain clustering (Fig. -4). Furthermore, the 
observed ERIC patterns revealed a high genetic similarity 
of 97 percent, as well as a higher number of DNA finger-
prints among A. baumannii strains. Cross-transmission 
occurred among hospitalized patients, as evidenced by this 
finding. The conclusions of this study agree with those of 
previous studies (Hammoudi et al.,2015; Ying et al.,2015; 
Aljindan et al.,2018). Using the ERIC-PCR, researchers 
were also able to group A. baumannii strains based on 
genetic relatedness. 

  ERIC - PCR, according to our findings, is a quick and 
reliable method for demonstrating clonal relatedness of A. 
baumannii recovered from a variety of samples isolated 
from a variety of inpatients. As a result, compared to quick 
typing, this PCR-based target repetitive element approach 
is more suited, and it is also less expensive than other 
DNA fingerprint approaches. 

5. Conclusion 

A high level of genetic similarity was found amongst A. 
baumannii isolates from hospitalized patients, indicating 
cross-transmission. The most often discovered clonal 
lineage in the current investigation was international clone 
III (52 %, 39/75 isolates). This clone's isolates were 
largely linked to the ompA gene, which explains why 
37.33 % of them carried the ompA gene. Furthermore, 
ERIC-PCR was used to indicate that the spread of six 
epidemic clones was the most likely source of the increase 
in A. baumannii occurrences in Baghdad patients. The 
findings also suggest that ERIC-PCR may be used to 
determine clonal similarities between A. baumannii 
isolates from a variety of clinical samples in a quick and 
reliable manner. 
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Abstract  

The medicinal plant Aaronsohnia pubescens is currently used in the algerian phytotherapy to treat several disorders. In 
order to investigate the potential influence of A. pubescens, six extracts were screened for their antioxidant and anti-amylase 
capacities. Antioxidant ability was evaluated by different assays as well as scavenging effect of free radicals (DPPH, ABTS, 
GOR and hydroxyl radical), metal chelating, reducing power, CUPRAC and total antioxidant capacity. Total phenolic and 
flavonoid contents in these extracts were also measured. Phenolic compounds in different extracts were identified using the 
HPLC-DAD analysis. The total phenolic contents of these extracts ranged from 70 to 335.9 mg GAE/g. Generally, the 
highest amounts of total phenolic and flavonoid contents were observed in ethyl acetate and n-butanol extracts, which may 
explain their strong antioxidant activity. All extracts demonstrated a significant inhibitory activity on α-amylase. Based on 
these findings, A. pubescens could serve as a source of natural compounds for oxidative damage and diabetes mellitus 
management. 

Keywords: Aaronsohnia pubescens, antioxidant activity, flavonoid content, phenolic content, ethyl acetate extract, n-butanol extract.  
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1. Introduction 

Reactive oxygen species (ROS) are constantly 
produced  in cells and involved in many physiological 
processes such as host defense and cellular signaling (Ray 
et al., 2012). Cell is equipped with antioxidant systems to 
eliminate ROS and preserving redox homeostasis. 
Excessive ROS production can cause cell death and 
contribute to disease development (Liguori et al., 2018). 
For a long time, herbal medicine was the main or even the 
only resource of our ancestors for their health conditions. 
However, despite the growth of pharmaceutical industries, 
the use of medicinal plants and plant products has never 
been totally abandoned and people continue to resort to 
traditional medicine.  

During the last decades, the antioxidant therapy 
research has increased tremendously with the aim to 
prevent or remediate oxidative stress damages. Recently, 
considerable attention has been devoted to naturally 
occurring antioxidants in medicine industry as an 
alternative to synthetic antioxidants, which are gradually 
restricted due to their possible side effects such as the 
dysfunction of reproductive system (Naresh and Nidhi, 
2019). Plant extracts possess pools of biologically active 
molecules including antioxidants. Natural antioxidants 
“carotenoids, phenolic acids, flavonoids, coumarins, etc.” 
are generally of low toxicity at their bioavailable dose, and 

furthermore they can act synergistically (Kancheva and 
Kasaikina,  2013). 

Aaronsohnia pubescens (Desf.) K. Bremer & 
Humphries, syn. Matricaria pubescens (Desf.) called 
Ouazouaza in arabic, is a medicinal plant that belongs to 
the Asteraceae family. It is largely distributed in the 
northern and central Algerian Sahara (Benchelah et al., 
2000 and Makhloufi et al., 2015). In Algeria, A. pubescens 
is widely used in folk medicine as an antiseptic, 
antirheumatic, antiarthritic, antidiarrheal and to treat 
digestive complications. It is also used as a condiment and 
as an aromata in the preparation of some traditional dishes 
(Cherif et al., 2017 and Hammiche and Maiza, 2006). 
Several studies of A. pubescens chemical composition 
revealed its richness in terpenoids (e. g., α-pinine, Z-β-
ocimene α-curcumene and 6-oxo-cyclonerolido), and 
phenolic compounds such as apigenin, luteolin, quercetin 
and herniarin (Boutaghane et al., 2011; Makhloufi et al., 
2015 and Sharifi-Rad et al., 2018). Furthermore, there are 
no previous reports on the antioxidant and enzyme 
inhibitory potentials of A. pubescens.  

The main objectives of the present study were (1) to 
determine the polyphenolic profile (total phenolic, total 
flavonoid, benzoates, hydroxycinnamates and flavonols) of 
different extracts from A. pubescens; to reveal (2) 
antioxidant activity (DPPH, ABTS, GOR, ect.) of A. 
pubescens; and (3) to assess α-amylase inhibitory activity 
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of the extracts. Six extracts from the aerial parts of A. 
pubescens were evaluated in this study. 

2. Materials and Methods 

2.1. Chemicals 

Folin-Ciocalteu’s phenol reagent, 2,2- azino-bis (3-
ethylbanzthiazoline-6- sulphonic acid (ABTS), 2,6-Di-tert-
butyl-α-(3,5-di-tert-butyl-4-oxo-2,5-cyclohexadien-1-
ylidene)-p-tolyloxy (Galvinoxyl), 3-(2-pyridyl)-5,6-bis(4-
phenylsulfonic acid)-1,2,4-triazine (Ferrozine), 2,2-
Diphenyl-1-Picrylhydrazyl (DPPH) , 2-deoxyribose, 
ammonium molybdate ferric chloride, neocuproine, 
Trichloroacetic Acid (TCA), Thiobarbituric Acid (TBA),  
iodine potassium iodide, rutin, cafeic acid, ascorbic acid, 
gallic acid , AlCl3 and porcine pancreatic α-amylase (EC 
3.2.1.1, type VI-B) were obtained from Sigma-Aldrich 
Chemicals. Solvents and other reagents were of analytical 
grade.  

2.2. Materials 

Aerial parts of A. pubescens were collected in March 
2018 from Ghardaïa, a region in southern Algeria, 
(Altitude, 450m). After identification, a voucher specimen 
(LBE 18/03) was deposited at the Herbarium of the 
Faculty of Natural and Life Sciences at the University of 
Frères Mentouri, Constantine 1. Aerial parts of A. 
pubescens were air-dried in the laboratory and stored 
before use in a dry place. 

2.3. Preparation of Aqueous lyophilized extract 

Twenty grams of dried raw material was immersed in 
300 mL of hot distilled water and agitated for 30 min. The 
extract solution was filtered and lyophilized (LaBconco, 
FreeZone Benchtop Freeze Dryer) at 80 °C. The aqueous 
lyophilized extract (AQL; 3 g, 15% w/w) was stored at 
20 °C until analysis. 

2.4. Preparation of organic extracts  

The dried raw material (200g) was immersed in 1000 
mL of methanol for 24h at room temperature then filtered. 
The filtrate was evaporated at 37 °C until dryness to give 
the methanol extract (MeOH; 33.55 g, 16.7% w/w) then 
rinsed with a hot water. As previously described by 
Kandouli et al. (2017), the aqueous solution was treated 
with petroleum ether, ethyl acetate and n-butanol in 
sequence. In this way, the following extracts were 
produced: petroleum ether extract (PE; 2.13 g, 1.1 % w/w), 
ethyl acetate extract (EtOAc; 3.2 g, 1.5% w/w) and n-
butanol extract (n-BuOH; 5 g, 2.5% w/w) and aqueous 
residual fraction (AR; 4 g, 2% w/w). Each fraction was 
stored at 20 °C until further analysis. 

2.5. Determination of phenolic contents  

The total phenolic content was determined using 
FolinCiocalteu assay (Singleton et al., 1999). An aliquot 
of 160 µL extract solution (0.1 mg/mL) was mixed with 
800 µL of FolinCiocalteu reagent (0.2 N). After 5 min, 
640 µL of sodium carbonate (75 %, w/v) was added and 
incubated for 2h at room temperature.  The absorbance 
was measured at 760 nm against a blank without extract. 
The TPC was calculated on the basis of the calibration 
curve of gallic acid and expressed as gallic acid 
equivalents (GAE), in milligrams per gram of dry weight. 

2.6.  Determination of flavonoid contents 

The total flavonoid content was determined using 
AlCl3 method (Kandouli et al., 2017). Briefly, 600 µL of 
extract solution (0.5 mg/mL) was mixed with 600 µL of 
AlCl3 (2%, w/v) solution in ethanol. The mixture was 
incubated for 1h at room temperature, and the absorbance 
was measured at 420 nm. The total flavonoid content was 
calculated on the basis of the calibration curve of quercetin 
and expressed as quercetin equivalents (QE), in milligrams 
per gram of dry weight. 

2.7. HPLC Analysis of Phenolic Compounds 

The HPLC analysis was conducted on an Agilent 
Technology HPLC system (Agilent 1260 Infinity 
Quaternary) and a UV/Vis detector (Diode Array Detector 
(DAD)) with an analytical column (Stable Bond C18 
(Zorbax) (4.6 × 150 mm × 15 µm). The system was 
controlled by use of Open Lab software (Agilent 
Technologies). Samples were dissolved in methanol (2 
mg/mL) and injected with a volume of 20 µL. The mobile 
phase was a gradient flow (0.8 mL/min) of Methanol (A) 
and Water (B) (H3PO4 0.07 %) with multi-step gradient 
elution conditions and a total run time of 60 min per 
sample applied as follow: (A) 0 min: 30%; (A) 45 min: 
60%; (A) 50 min: 60%; (A) 51-60 min: 30%. For each 
fraction, amounts of phenolic classes were evaluated on 
the basis of the calibration curves of standards obtained at 
the maximum UV absorbances of hydroxycinnamic, 
flavonols and hydroxybenzoic classes. They were 
evaluated as caffeic acid equivalents (CAE), rutin 
equivalents (RUE) and gallic acid equivalents (GAE), in 
milligrams per gram of dry weight, respectively.  

2.8. Antioxidant Activity 

2.8.1.  DPPH  radical scavenging activity  

The free radical scavenging activity of A. pubescens 
was assessed using DPPH method (Kandouli et al., 2017). 
Extracts were dissolved in methanol and water with a 
range of final concentrations of 0.01250.8 mg/mL, then 
40 µL of extract solution was added to 160 µL/well of 
DPPH solution (0.8 mM). The mixture was incubated for 
30 min in the dark at room temperature and absorbance 
was measured at 517 nm using a microplate reader (Perkin 
Elmer Enspire, Singapore). The ability of the extracts to 
scavenge DPPH was expressed as a percentage of 
inhibition calculated using the following equation (1): 

          (1) 

Where A0 is the absorbance of the control and A is the 
absorbance of the test extracts. IC50 value (the 
concentration needed to scavenge 50% of DPPH) was 
evaluated from a dose-response curve-fitting model. 

2.8.2.  ABTS radical scavenging activity  

The anti-radical activity of different extracts from A. 
pubescens were assessed according to ABTS method 
reported by (Re et al., 1999). In brief, 160 µL of ABTS (7 
mM) was added to 40 µL of each sample prepared in 
methanol and water at different concentrations 
(0.01250.8 mg/mL, final concentration). The absorbance 
was measured at 734 nm after 10 min, then the percentage 
of inhibition was quantified using the previous equation 
(1). Where A0 is the absorbance of the control and A is the 
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absorbance of the test extracts. IC50 value (the 
concentration needed to scavenge 50% of ABTS) was 
quantified from a dose-response curve-fitting model. 

2.8.3.  Galvinoxyl radical (GOR) scavenging activity 

 The Glvinoxyl radical cavenging activity of  different 
extracts from  A. pubescens were assessed according to the 
method of (Shi et al., 2001) with slight modifications. In 
brief, 160 µL of a fresh galvinoxyl radical methanolic 
solution (0.08 mM) was added to 40 μL of different 
concentrations of each extract (0.01250.8 mg/mL, final 
concentration). The reaction mixture was kept at ambient 
temperature for 120 min, then the absorbance was read at 
428 nm. The scavenging activity was calculated using 
equation (1) and IC50 value which represents the 
concentration of the extract needed to scavenge 50% of 
galvinoxyl radical, it was calculated from a concentration-
response curve-fitting model. 

2.8.4.  Hydroxyl radical scavenging activity  

Hydroxyl radical scavenging activity of AQL, n-BuOH 
and AR extracts was evaluated using the colorimetric 
assay reported by (Aruoma et al., 1987). For this assay, 
aliquots (100 µL) of the following reagents (deoxyribose, 
FeCl3, EDTA or buffer, H2O2 and ascorbic acid) were 
added with 500 µL of tested extract (0.025 to 0.25 
mg/mL). After 1h of incubation at 37 °C, TBA and acetic 
acid were added, and the mixture was heated for 15 min at 
100 °C. The absorbance was read at 532 nm, and mannitol 
(1−10 mM) was used as a reference. The inhibition 
percentage of hydroxyl radical scavenging activity by the 
extract in the presence or absence of EDTA was calculated 
using equation (1) mentioned previously; where A0 is the 
absorbance of the control and A is the absorbance of the 
test extracts. 

2.8.5.  Metal Chelating Capacity  

The chelating activity of samples with ferrous ions 
Fe2+ was determined following the ferrous iron–ferrozine 
complex method (Santos et al., 2017) with some 
modifications. Briefly, 840 µL of extract solution (0.0125–
0.8 mg/mL) was mixed with 80 µL of FeSO4 (0.3 mM) 
and 40 µL of 0.8 mM of ferrozine. After 10 min, the 
absorbance was measured at 562 nm, and the MCC was 
evaluated using the calibration curve of EDTA. The results 
are expressed as micromoles of EDTA equivalents 
(ADTAE) per gram of dry weight. 

2.8.6.  Reducing power  

The reducing power ability of the extracts was 
evaluated according to the method described by (Oyaizu, 
1986). In this assay, 0.2 mL of sample solutions at various 
concentrations, 0.5 mL of phosphate buffer (0.2 M; pH 
6.6) and 0.5 mL of potassium ferricyanide (1%) were 
mixed and incubated at 50 °C for 20 min. Then, 0.50 mL 
of trichloroacetic acid (10%) was added. After 10 min, 0.5 
mL of the supernatant was mixed with 0.5 mL of distilled 
water and 0.2 mL of ferric chloride (0.1%). The 
absorbance was read at 700 nm. Increased values of 
absorbance indicate a high reducing power of the sample. 

 

2.8.7.  Cupric ion reducing antioxidant capacity  

Cupric ion reducing antioxidant capacity of the extracts 
was determined using the method developed by  (Apak et 
al., 2007). The reaction consists of mixing 50 ml of copper 
chloride (10 mM), 50 ml of  Neocuproine (7.5 mM) and 60 
ml of ammonium acetate (1 M, pH 7.0) with 40 mL of the 
sample at different concentrations in a microplate of 96 
wells. The microplate was allowed to incubate for 1h, and 
the absorbance was read at 450 nm. Increased values of 
absorbance indicate a high cupric reducing power of the 
sample.  

2.8.8.  Total antioxidant capacity 

 Total antioxidant capacity of the extracts was 
determined according to the method of  (Prieto et al., 
1999). In this assay, 0.3 mL of each tested extract or 
ascorbic acid (standard) was mixed with 3.0 mL of the 
reagent solution (0.6 M sulfuric acid, 28 mM sodium 
phosphate and 4 mM ammonium molybdate). The reaction 
mixture was incubated at 90 °C for 90 min, and 
absorbance was measured at 695 nm. The antioxidant 
capacity was expressed as ascorbic acid equivalent (AAE) 
in µmol per gram of dry weight. 

2.9. α-Amylase inhibitory activity 

The capacity of α-amylase inhibition was performed 
according to the method proposed by (Zengin et al., 2014). 
In each well of a 96 microplate, 25 µL of the tested extract 
at different concentrations (0.006250.4 mg/mL, final 
concentration) was added to 50 µL of α-amylase solution 
prepared in phosphate buffer (pH 6.9 with 6 mM sodium 
chloride). The mixture was then incubated for 10 min at 
37°C. After incubation, 50 µL of soluble starch (0.1%) 
was added and plates were incubated for 10 min at 37 ◦C. 
Then, 25 µL of HCl (1M) was added to stop the reaction. 
The blank was prepared by adding extract solution to all 
reagents without enzyme solution. Finally, 100 µL of 
Iodine Potassium Iodide (IKI) solution were added, and 
the absorbance was measured at 630 nm. The absorbance 
of the blank was subtracted from that of the extract, and 
the inhibition percentage of α-amylase was calculated. 

2.10. Statistical Analysis 

Data Statistical analysis was carried out using GraphPad Prism 
software. The results are presented as mean ± SD for the indicated 
number of independent experiments. Evaluation of statistical 
significance was conducted by one-way analysis of variance 
(ANOVA), Newman-Keuls or a Pearson's correlation (r2) 
coefficients calculations. A p< 0.05 was considered statistically 
significant.  

3. Results and discussion 

3.1. Extract Yields, TPC and TFC 

Plant polyphenols present a several group of phenolic 
compounds that possess an ideal structural chemistry for 
radical scavenging activity. Phenolic compounds have 
been shown to be responsible for the antioxidant activity 
of plant materials (Rice-Evans et al., 1996).The 
comparative data of extraction yield, TPC and TFC of 
different extracts from A. pubescens are presented in Table 
1. The Extraction yields varied from 1.1% to 16.7% 9 
(w/w) with the following order: MeOH ≥ AQL > n-BuOH 
> AR > EtOAc > EP. Broadly speaking, the extraction 
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yield was strongly influenced by the used solvent, and has 
significantly increased with the increase of solvent polarity 
which is consistent with the results of (Zhang et al., 2014). 
Accordingly, a significant difference in the extraction yield 
(p<0.05) was recorded.  Zhang et al. (2014) has also 
reported that performing different extraction methods for 
the same tested sample may lead to a significant difference 
in the extraction yield and antioxidant activity. 

The total phenolics content (TPC) of various A. 
pubescens extracts was performed using the regression 
equation of the calibration curve (y = 13.41x, r2:0.994). 
The highest TPC value of 335.9 mg GAE/g was detected 
in EtOAc extract, while PE and AR extracts recorded the 
lowest values (~70 mg GAE/g dw) which represent 
approximately 1/5 of EtOAc extract value. The TPC 
values in A. pubescens extracts ranged from 70 to 335.9 
mg GAE/g dw (Table 1) in the following descending 
order: EtOAc > n-BuOH > AQL ≥ MeOH > EP ≥ AR (p< 
0.05).  

The total flavonoids content (TFC) of different A. 
pubescens extracts was quantified using the regression 
equation (y = 24.83x, r2:0.993). The TFC ranged from 6 
mg QE/ g dw, in AR extract to 165.4 mg QE/g dw, in n-
BuOH extract (Table 1). There was no significant 
difference in TFC between AQL and MeOH extracts were 
registered (p>0.05), while n-BuOH and EtOAc extracts 

had the highest TFC with a significant difference (p< 0.05) 
compared to the other analysed extracts. Our results are 
significantly different from the findings of (Metrouh et al., 
2015), in which TPC and TFC were around ~26 mg 
GAE/g and ~9 mg QE/g, respectively. These results 
possibly reflect differences in plant drying procedures, 
geographical or the genetic background (Kandouli et al., 
2017).  

Interestingly, TFC showed a low correlation with TPC 
(r2= 0.695, p< 0.05), which is consistent with the work of  
Zou et al. (2011), who recorded a low correlation between 
TPC and TFC values when conducting a study on phenolic 
profile and antioxidant properties of lentil. Our results 
were also in  correspondence with the literature of  Meda 
et al. (2005), who reported that some chemical groups of 
proteins and amino acids present in plants are also able to 
react with Folin–Ciocalteu reagent. Several investigations 
have focused on the medicinal activities of phenolics as 
they are considered as powerful antioxidants and free 
radical scavengers. It has been also shown that the 
antioxidant capacity of phenolics including flavonoids is 
mainly attributed to their redox characteristics, acting as 
reducing agents, hydrogen atom donors or singlet oxygen 
quenchers (Leopoldini et al., 2011; Kumar and Goel, 2019 
and Rice-Evans et al., 1996).  

 
Table 1. Extraction Yield, Total Phenolic, Total Flavonoid and Phenolic compounds Contents in A. pubescens extracts.  

Values are represent the mean ± SD of 4–6 in tetraplicate (n=4). AQL, aqueous lyophilized extract;  MeOH, methanolic extract;  PE, 
petroleum ether extract; EtOAc, ethyle acetate extract; n-BuOH, n-butanolic extract;  AR, aqueous residual extract. nd: not detected. Results 
followed by different symbols in the same column are statistically significant difference (p< 0.05) as measured by Newman-Keuls test. 

3.2. Phenolic classes content  

A. pubescens major components of its phenolic extracts 
were separated by analytical HPLC-DAD as described in 
materials and methods. Representative chromatograms are 
displayed in Figure 1. Since different phenolic classes 
comprise a considerable number of compounds, UV 
absorbance is the most common and convenient parameter 
for the quantitation of phenolic compounds. Table 1 (right 
panel) presents the three major classes, benzoates, 
hydroxycinnamates and flavonols of A. pubescens. These 
phenolic classes were identified by comparing retention 
times (tR) and UV spectra of gallic acid (tR = 4.3 min), 

caffeic acid (tR = 11.15 min) and rutin (tR = 25.6 min) at 
maximal absorption wavelengths of 280, 325 and 365 nm, 
respectively (Fig. 1). EtOAc and n-BuOH extracts 
revealed a higher content of total phenols, particularly 
higher absolute levels of flavonols (95.4-102.31 mg 
RUE/g), and hydroxycinnamates (42.46-52.08 mg CAE/g), 
but also still found in good yields in AQL and MeOH 
extracts, unlike PE and AR extracts which were found in 
weak amounts or even in traces. Small amounts of 
benzoates (1.64-16.74 mg GAE/g) were also identified in 
our tested extracts.  

. 

  

Extract 

   Phenolic classes 

Yield 

(% ,w/w) 

TPC 

(mg GAE / g) 
TFC 

(mg QE / g) 
Hydroxycinnamates  
(mg CAE / g) 

Flavonols 
(mg RUE / g) 

Hydroxybenzoates  
(mg GAE / g) 

AQL 14.9 115.6 ± 2.1* 84 ± 39 ‡ 10.41 ± 1.72* 26.60 ± 0.59* 1.64 ± 0.04* 

MeOH 16.7 121.5 ± 2.0* 79.3 ± 5.5‡ 15.43 ± 1.71* 36.7 ± 0.75* 2.66 ± 0.8* 

PE 1.1 73.06 ± 3.2§ 15.0 ± 3.2* 1.11 ± 0.07§ 9.21 ± 0.9§ 5.37 ± 0.26‡ 

EtOAc 1.5 335.9 ± 8.9‡ 150.2 ± 2.9# 50.08 ± 4.8‡ 95.40 ± 1.38‡ 16.71 ± 0.68§ 

n-BuOH 2.5 198.3 ± 7.3 # 165.4 ± 6.8# 42.46 ± 4.15# 102.31 ± 10.31‡ 9.1 ± 0.41# 

AR 2.0 70.1 ± 3.1§ 6.0 ± 0.3§ 4.25 ± 0.41§ nd 2.35 ± 0.19* 
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Figure 1. HPLC chromatograms of different extracts from A. pubescens recorded at 280 nm. (HB) hydroxybenzoates, (HC) 
hydroxycinnamates, (F) flavonols.  

High correlation levels were registered between TPC 
and hydroxycinnamates (r2 = 0.890) and benzoates (r2 = 
0,863), which suggests that hydroxycinnamates and 
hydroxybenzoates could considerably contribute to the 
total phenolic content in A. pubescens. Hydroxycinnamic 
acids are important phenolic acids present in plants. Due to 
their diverse health benefits including antioxidant, 
antiinflammatory, and anticancer properties, 
hydroxycinnamic acid derivatives are receiving a growing 
attention (Zhang et al., 2014). Good correlation values 
were also rated between TFC and hydroxycinnamic acids 
(r2 = 0.870), but also between TFC and flavonols (r2 = 
0.940), whereas benzoates showed an insignificant 
correlation (p> 0.05). 

3.3. Antioxidant activity 

A single assay approach is insufficient for assessment 
of antioxidant activity of polyphenolic compounds. 

Furthermore, the assay concept and experimental 
conditions vary between antioxidant assays. Antioxidant 
capacity may be examined by two main types of assays 
with various mechanisms, including hydrogen atom 
transfer (HAT) and electron transfer (ET). In ET-based 
assays, the capacity of antioxidants to transfer one electron 
to reduce any oxidant is measurable, while HAT-based 
assays measure the capacity of antioxidants to quench 
radicals by hydrogen donation. 

3.3.1. DPPH, ABTS and GOR  

The DPPH radical scavenging activity assay has been 
used frequently to evaluate natural antioxidant effects. One 
of the reasons is that this method is simple and very 
sensitive. This method depends on the capability of 
antioxidants to provide a proton or an electron to the 
DPPH radical (purple) to transform it to the non-radical 
form (yellow) (Apak et al., 2016 and Foti, 2015). The 
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reduction ability of DPPH induced by antioxidants was 
evaluated by a decline in its absorbance at 517 nm. The 
scavenging ability of the A. pubescens extracts was found 
to increase in a dose dependent manner at a final 
concentration range of 0.0125-0.8 mg/mL. Figure 2 shows 
that the scavenging effect of samples on DPPH radical was 
in the following order: EtOAc ≥ n-BuOH ≥ AQL > MeOH 
> AR> EP. Our results demonstrated that the EtOAc and 
n-BuOH extracts exhibited much stronger scavenging 
activity with IC50 values of 43.3 and 62.2 μg/mL 
respectively, whereas PE and AR fractions have a weaker 
activity with IC50 values of 693.3 and > 800 µg/mL, 
respectively. Our values were about 17 to 53 times greater 
than those of methanol and water extracts reported in the 
study of  (Metrouh et al., 2015).  

Furthermore, the extraction process performed in this 
study for preparing various extracts of A. pubescens 
significantly enhanced DPPH scavenging capacity. Similar 
studies also reported that n-butanol and ethyl acetate 
fractions of A. radiata (Kandouli et al., 2017) and R. 
anthopogonoides (Jing et al., 2015) revealed higher DPPH 
antioxidant activity than other extracts. In our study, the 
observed differential free radical scavenging effect of the 
plant extracts against DPPH process seems related to the 
occurrence of several compounds in the extract with 
potential antioxidant properties. Accordingly, the activities 
of EtOAc and n-BuOH extracts might be due to the 
chemical composition of phenolic compounds and the 
availability of phenolic hydroxyl groups, which have the 
capability to provide their electron/ hydrogen, thereby 
producing stable products.  

 
Figure 2.  DPPH radical scavenging activity of different extracts 
from A. pubescens. Values represent the mean ± SD made in 
tetraplicate (n=4). AQL, aqueous lyophilized extract; MeOH, 
methanolic extract;  PE, petroleum ether extract; EtOAc, ethyle 
acetate extract; n-BuOH, n-butanolic extract;  AR, aqueous 
residual extract 

DPPH antioxidant activity of A. pubescens extracts 
correlates significantly in a positive manner with TPC (r2 = 
0.852, p< 0.01) and with TFC (r2 = 0.804, p< 0.05), 
suggesting their contribution in scavenging radicals. 
Similarly, hydroxycinnamates (r2 = 0.817, p< 0.05) 
positively correlated with DPPH values. These results are 
consistent with Mitrevska et al. (2020), who demonstrated 
a good significant correlation between DPPH and phenolic  
extracts indicating the major contribution of phenolics to 
DPPH antioxidant activity. 

Free radical scavenging process of different extracts 
from A. pubescens was performed using ABTS radical to 

corroborate the results obtained with DPPH method. 
ABTS assay is an excellent tool for determining the 
antioxidant activity of hydrogen-donating antioxidants and 
of chain-breaking antioxidants (Ozgen et al., 2006). In the 
absence of antioxidants, the ABTS radical is rather stable, 
but it reacts actively with an hydrogen atom donor, and by 
that converted into a noncolored form of ABTS (Sachindra 
et al., 2007).  

The IC50 values of tested extracts varied from 13.2 ± 
1.8 to 641.3 ± 11 µg/mL. Figure 3 shows that ABTS 
radical scavenging activity of different extracts from A. 
pubescens was in the following order: EtOAc > n-BuOH ≥ 
MeOH ≥ AL > EP > AR, with the strongest antioxidant 
activity for EtOAc fraction and the weaker for the AR 
fraction. These results suggest that ethyl acetate fraction 
might contain the most potent free radical scavenger 
compounds. Our results are in agreement with findings of 
(Laouini et al., 2016) and our IC50 values were 2500 times 
greater than those of methanol (16.21 mg/mL) and water 
(15.78 mg/mL) extracts reported in study of (Metrouh et 
al., 2015). Sachindra et al. (2007) and Zou et al. (2011), 
reported that antioxidant compounds scavenging ABTS 
radical more efficiently compared to DPPH radical 
scavenging. Tang et al. (2010) also reported that ABTS 
was more sensitive than DPPH for the measurement of 
antioxidant potential of water-soluble proteins and 
peptides. These observations may be due to the fact that 
DPPH radical can be dissolved only in organic media. In 
contrast, ABTS radical can be solubilized in both aqueous 
and organic media (Arnao, 2000).  

 
Figure 3. ABTS radical scavenging activity of different extracts 
from A. pubescens. Values represent the mean ± SD made in 
tetraplicate (n=4). 

A highly significant correlation was shown between 
ABTS radical scavenging and TPC (r2= 0.939, p< 0.001), 
indicating the great contribution of phenolics to radical 
scavenging capacity, which is consistent with the results of 
(Metrouh et al., 2015). However, significant correlations 
were also established between ABTS radical scavenging 
and TFC, hydroxycinnamates, hydroxybenzoites and 
flavonols (0.682 <r2< 0.779, p< 0.05), suggesting that the 
antioxidant activity of tested extracts results mainly from 
the presence of molecules belonging to different phenolic 
classes.   

Galvinoxyl, another stable phenoxyl radical can be 
reduced by hydrogen-donating free radical scavengers. 
Like the DPPH and ABTS results, IC50 values of 
Galvinoxyl radical (GOR) scavenging activity ranged 
widely from 14.1 to 611.6 µg/mL (Fig. 4). The highest 
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GOR scavenging activity values were observed in EtOAc 
and n-BuOH fractions with the values of 14.1µg/mL and 
29.4µg/mL respectively, whereas the lowest value of 
611.6µg/mL was observed in AR extract. However, 
galvinoxyl radical scavenging activity of A. pubescens 
extracts comparison was shown to be in the same order as 
ABTS and DPPH radical scavenging activity (EtOAc > n-
BuOH > AQL > MeOH > EP > AR).  According to the 
findings of this study, DPPH, ABTS and GOR were 
strongly inhibited by extracts which demonstrated 
moderate inhibition when compared to the standard 
compounds, BHT (IC50 ranges from 1.55±0.26 to 6, 
55±0.59 µg/mL) and BHA (IC50 ranges from 5.38 ±0.06 to 
15.74 ±0.47 µg/mL). 

 

Figure 4. GOR radical scavenging activity of different extracts 
from A. pubescens. Values represent the mean ± SD made in 
tetraplicate (n=4). 

This study showed that GOR values of A. pubescens 
extracts correlated significantly with TPC (r2 = 0.991, p< 
0.001), TFC (r2 = 0.669, p< 0.05) and hydroxycinnamates 
(r2 = 0.864, p< 0.01), indicating the contribution of 
phenolics to galvinoxyl radical scavenging activity and 
particularly hydroxycinnamates.  

3.3.2. Hydroxyl radical scavenging activity 

Hydroxyl radical is the most reactive ROS and attacks 
almost every molecule in the body, resulting in 
peroxidation of cell membrane lipids and in the formation 
of malondialdehyde, a mutagenic and carcinogenic product 
(Basu and Marnett, 1983). The results obtained of 
hydroxyl radical scavenging from deoxyribose degradation 
assay are presented in figure 5. In this assay, the 
radiomimetic method assesses the antioxidant potential of 
the extracts based on their capacity to compete with 
deoxyribose for hydroxyl radicals, that were generated free 
in solution from a Fe2+-EDTA chelate (Halliwell et al., 
1987). Our results demonstrated that all of the three 
soluble extracts showed a concentration dependent 
radiomimetic hydroxyl scavenging activity. Moreover, the 
fact that  n-BuOH (53.51%, 0.5mg/mL), AQL (39.18%, 
0.5mg/mL) and AR (33.11%, 0.5mg/mL) extracts 
demonstrated significantly higher capabilities to prevent 
deoxyribose degradation compared to D-Mannitol 
(32.17%) at a concentration of 10 mg/mL (Fig. 5), which 
suggests the great capacity of n-BuOH, AQL and AR 
extracts to react with ꞏOH compared to D-Mannitol. 

The hydroxyl scavenging activity method performed in 
the omission of EDTA is important because it evaluates 
the oxidative deoxyribose damage by site-specific 

production of hydroxyl radicals and offers information 
about A. pubescens soluble-extracts capability of chelating 
Fe ions. Thus, Fe chelator reduces the level of 
thiobarbituric-reactive substances (TBRS) generated from 
deoxyribose (Aruoma et al., 1987). The activity of n-
BuOH (30.92%), AR (25.26%) and AQL (24.78%) of 
inhibiting the site-specific damage to deoxyribose 
indicates their great capacity of Fe chelation compared to 
D-Mannitol (19.45%) (Fig. 5).   Capacities of extracts in 
radiomimetic and site-specific indicate their potency as 
chelating agents as well as their ability to scavenge 
hydroxyl radicals, which are produced from a Fe2+ EDTA 
chelate (Singh et al., 2007). The strong potency shown by 
n-BuOH extract could be related to its high amount of TPC 
and TFC. We can suggest that our results might be due to 
the active hydrogen donating ability of hydroxyl 
substitutions. 

Figure 5.  Hydroxyl radical scavenging activity of water 
soluble extracts of A. pubescens in the presence or absence of 
EDTA. Values represent the mean ± SD made in tetraplicate 
(n=4). Different symbols are statistically significant difference (p< 
0.05) as measured by Newman-Keuls test. 

3.3.3. MCC, Reducing Power, CUPRAC and TAC 

Fe2+/3+ and Cu1+/2+, are critical biological molecules for 
normal body function. Dyshomeostasis of these metal ions 
could increase ROS production via Fenton-like reactions, 
resulting in increasing oxidative stress. The notion of 
redox reducing ability as an indicator of antioxidant 
activity may be used in different methods. There are 
several tests based on transitional metals (iron and copper), 
such as those using ferricyanide, ferrozine, or cupric ions. 
These metal transition assays were widely used in medical 
investigation, including thiol antioxidants and total 
antioxidant activity of biological fluids such as plasma, 
urine, etc (Munteanu and Apetrei, 2021).  

Ferrous ion is a key transition metal ion responsible for 
the initiation of peroxidation in food and biological 
systems. In MCC assay ferrous ions form a complex with 
ferrozine, and the intensity of this complex purple color 
decreases in the presence of chelating agents. Lower 
absorbance indicates higher metal chelating activity. The 
MCC of the extracts was determined using the regression 
equation of the calibration curve (y = 4.56x, r2:0.993), and 
the results were expressed as µmol EDTA equivalents per 
gram dry weight (Fig. 6). MCC values varied widely from 
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26.1 to 78.54 µmol EDTAE/g dw. The highest MCC 
values of 78.54, 61.93 and 62.8 µmol EDTAE/g, were 
detected in EP, AL and MeOH extracts respectively, 
whereas the lowest value of 26.1 µmol of EDTAE/g was 
observed with n-BuOH extract.  
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Figure 6.  Metal chelating capacity (MCC) of different 
extracts from A. pubescens. Values represent the mean ± SD 
made in tetraplicate (n=4). Different symbols are statistically 
significant difference (p< 0.05) as measured by Newman-Keuls 
test.  

Interestingly, MCC of A. pubescens correlated neither 
with TPC and TFC nor with DPPH, ABTS, and GOR (r2 
ranges from 0.181 to 0.404), which is consistent with 
previous findings which reported that a poor correlation 
existed between MCC, TPC and other antioxidant 
activities such as DPPH, ABTS  and reducing power 
(Kandouli et al., 2017 and  Zhao et al., 2008). Metal 
chelating potency of polyphenolic compounds are 
dependent upon their unique phenolic structure and the 
number and arrangement of hydroxyl groups (Khokhar et 
al., 2003). The study conducted by Saiga et al., (2003) 
showed that some peptides as well as proteins have also 
been reported to possess the ability to chelate metal ions, 
which is also believed to be the reason for EP and AQL 
extracts chelating capacity.  

In the reducing power assay, the antioxidants present in 
a sample reduce the Fe3+ to Fe2+ by donating an electron 
and a blue colored Iron (II) complex is formed.  We 
demonstrated that the reducing power ability of different 
extracts from A. pubescens increased in a concentration 
dependent manner. Values for fractions were in the 
following order: EtOAc > n-BuOH > AQL > MeOH> EP> 
AR.  The increase in absorbance indicated an increase in 
reducing power due to the high antioxidant potential. The 
EtOAc and n-BuOH fractions showed a good reducing 
power with values of 0.314 ± 0.004 and 0.256 ± 0.001 at 
0.2 mg/mL, respectively (Fig. 7). However, the EP and AR 
fractions demonstrated lower values. These findings may 
be explained by the high content of phenolics present in 
various fractions of A. pubescens. It has also been reported 
that reducing power is associated with antioxidant activity, 
and may serve as a significant reflection of the antioxidant 
potential (Oktay et al., 2003).  

Figure 7.  Reducing power activity of different extracts from A. 
pubescens. Values represent the mean ± SD made in tetraplicate 
(n=4). 

The antioxidants donate their electrons in order to 
stabilize the radicals and also break the free radical chain 
reaction in the reducing power assay (Shabbir et al., 2013). 
A positive relationship existed between reducing power 
and the different phenolic classes of TPC, TFC, 
hydroxycinnamates, hydroxybenzoites and flavonols 
(0.749 < r2< 0.929, p<0.01), suggesting their contribution 
in reducing power.   

CUPRAC antioxidant capacity assay is a stable, rapid, 
selective and suitable for a wide variety of antioxidant 
types including both lipophilic and hydrophilic. It utilizes 
the copper (II)-neocuproine [Cu(II)-Nc] reagent as a 
chromogenic oxidizing agent at the basis of cupric 
reducing ability of reducing compounds to cuprous. Our 
obtained results in CUPRAC assay demonstrated a trend of 
antioxidant activity similar to the previous tests. As shown 
in figure 8, CUPRAC antioxidant activity of extracts is in 
the following order: n-BuOH > EtOAc > AQL≈ MeOH ≈ 
EP > AR. In this assay, a high absorption indicates high 
reducing power of cupric ions. The highest CUPRAC 
antioxidant activity values of 4.27 ± 0.04 and 3.96 ± 0.03 
at 0.2 mg/mL, were observed in EtOAc and n-BuOH 
fractions respectively, whereas AR extract showed the 
lowest value of 0.43 ± 0.02 at 0.8 mg/mL, (Fig 8). Similar 
findings that reported an increase of cupric reducing ability 
in a dose dependant manner were demonstrated in different 
studies (Sharma and Adarsh, 2014).  

 
Figure 8.  CUPRAC capacity of different extracts from A. 
pubescens. Values represent the mean ± SD made in tetraplicate 
(n=4). 
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In this study, CUPRAC assay results showed a 
significant positive correlation with TPC and TFC, 
hydroxycinnamates and flavonols (0.737 < r2< 0.974, p< 
0.01), which is consistent with the results of (Jin et al., 
2012), suggesting that a significant correlation is 
detectable between CUPRAC and phenolic content  levels 
in plant extracts. A recent report (Apak et al., 2016) 
demonstrated that some bioactive compounds present in 
medical plants possessed  high antioxidant capacity in the 
CUPRAC, that was due the number and position of the 
hydroxyl groups as well as the degree of conjugation of the 
whole molecule, which are important for easy electron 
transfer.  

Total antioxidant capacity (TAC) of the extracts, 
expressed as the number of equivalent of ascorbic acid 
(AA), was obtained from the calibration curve (y = 0.008x, 
r2:0.994). In this assay, Mo (VI) was reduced to Mo (V) by 
antioxidant effect of extracts in a concentration dependent 
manner.  Results of TAC of the extracts are shown in 
figure 9. Total antioxidant capacity of different extracts of 
A. pubescens was in the order of EtOAc ≈ n-BuOH > AQL 
≈ MeOH > EP ≈ AR. In this assay, high µmol AAE/g 
value indicates a high total antioxidant capacity. 
Accordingly, EtOAc and n-BuOH extracts demonstrated 
the highest values of activity (~455µmol AAE/g), while 
PE extract was 2 times less potent (~240 µmol AAE/g). 
Similar findings highlighting the potency of EtOAc and n-
BuOH over methanol extracts in term of TAC have been 
already observed (Ahmed et al., 2014 and Khatoon et al., 
2013).  

Figure 9. Total antioxidant capacity (TAC) of different extracts 
from A. pubescens. Values represent the mean ± SD made in 
tetraplicate (n=4). Different symbols are statistically significant 
difference (p< 0.05) as measured by Newman-Keuls test. 

Moreover, a good relationship existed between total 
antioxidant activity and TPC, TFC, hydroxycinnamates 
and flavonols (0.711 < r2< 0.943, p< 0.01). Many 
flavonoids and polyphenolics present in medicinal plants 
were reported to contribute significantly to the total 
antioxidant capacity (El Kamari et al., 2021 and  Afsar et 
al., 2016). Our results are consistent with the research of 
Tung et al., (2009) who reported that gallic acid, catechin, 
myricetin along with other polyphenols in A. confusa 
leaves extracts were responsible for the significant 
antioxidant potential. 

3.4. α-Amylase inhibitory activity 

Diabetes mellitus is mainly associated with 
hyperglycemia, which is characterized by high circulating 
blood glucose levels. α-Amylase inhibitors could retard the 
rate of maltose released from starch, resulting in delaying 
maltose conversion to glucose and lowering postprandial 
plasma glucose concentrations. The inhibitory activity of 
A. pubescens extracts against porcine α-amylase was 
evaluated in this study. As seen in figure 10, all extracts 
exhibited α-amylase inhibitory activity at the same 
concentration (12.5µg/mL). The highest α-amylase 
inhibitory activity values of 89.8 ± 0.7, 81.7 ± 3.2 and 72.3 
± 1.6 were observed in AQL, n-BuOH and EtOAc 
fractions respectively, whereas the lowest value of 36.8 ± 
2.1 was observed with AR extract (Fig. 10). A 12.5 µg/mL 
concentration of acarbose inhibited enzyme activity by 
8.08± 0.3%. α-amylase inhibitory activity of A. pubescens 
extracts was higher than the activity of acarbose at the 
same concentration. This study suggested that the plant has 
a very strong inhibition on α -amylase which may 
contribute to its demonstrated in vivo antidiabetic effect. 
Polyphenolic compounds have been discovered to form 
complexes with a wide range of proteins. Notably, 
previous research suggests that polyphenolic compounds, 
including flavonoids, may interact with amino acid 
residues in enzyme active sites or interact with amino acid 
residues near the active site, thereby closing the channel to 
the active site and inhibiting enzyme activity (Zhu et al., 
2020). It has been reported in different studies that 
phenolic compounds are effective α-glucosidase and α-
amylase inhibitors (Dehimat  et al., 2021 and  Zhu et al., 
2020). 

 
Figure 10.  Inhibitory effect of different extracts from A. 
pubescens on α-Amylase. Values represent the mean ± SD made 
in tetraplicate (n=4). Different symbols are statistically significant 
difference (p< 0.05) as measured by Newman-Keuls test. 

4. Conclusion 

In conclusion, it should be emphasized that in the 
present study, chemical and biological examinations of six 
A. pubescens extracts were undertaken for the first time. 
The radical scavenging activity of the tested samples is 
due to flavonoids, phenolic acids and their derivatives. 
Therefore, A. pubescens may be an interesting alternative 
for the treatment of diabetes mellitus not only by inhibiting 
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an enzyme that is related to the disorder, but also by 
improving the antioxidant defenses of patients. The highest 
antioxidant activity and phenolic contents were exhibited 
by the EtOAc and n-BuOH extracts. These results suggest 
the use of EtOAc and n-BuOH fractions as primary 
antioxidant therapeutic sources. However, further 
investigation would be required to study such potential 
capacities, and to better understand their mechanisms of 
action related to the chemical composition of these extracts 
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Abstract 

The modification of starch with the heat moisture treatment (HMT) method increases the level of type 3 resistant starch, 
which is used to develop functional foods such as analog rice. Therefore, this study aims to analyze the physicochemicals of 
analog rice made of modified arrowroot starch (Maranta arundinacea L.) and corn flour (Zea mays L.) with seaweed 
(Gracilaria sp.).  It was conducted using a factorial randomized block design method of two factors. The first factor was the 
difference in the ratio of the composition of modified arrowroot and corn flour, which consisted of three levels, namely 
30:70, 40:60, and 50:50. Meanwhile, the second factor was the concentration of seaweed porridge with three levels, namely 
1 %, 2 %, and 3 %. The results showed that increasing the proportion of modified arrowroot starch and the concentration of 
seaweed porridge reduced water, fat, protein, and ash contents but increased analog rice resistant starch levels. Furthermore, 
the antioxidant activity of analog rice also increased after steaming. This study has proven that using modified arrowroot 
starch, corn flour, and the addition of seaweed can improve the functional properties of analog rice.  

Keywords: Antioxidant activity, Artificial rice,  Fitobentos,  Functional food, Gracilaria sp., Maranta arundinacea L.,  Modified starch,  
Zea mays L. 
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1. Introduction 

In Indonesia, the Central Statistics Agency stated that 
rice production decreased from 33.94 × 106 t in 2018 to 
31.31 × 106 t in 2019 (Central Statistics Agency, 2020). 
This decline was caused by extreme weather in early 2019 
and a long mid-year drought. Rice is the staple food for 
most Indonesians, as its consumption was 29.13 × 106 t in 
2017 and is expected to increase with the population 
(Anggraeni, 2020). 

The decline in rice production has forced the 
Indonesian goverment to import the commodity;  
meanwhile, people are being promoted to diversify their 
food to reduce importation. A food diversification product 
that has the potential to be developed is analog rice. It is a 
product in the form of rice but made from non-rice 
ingredients, with a carbohydrate content close to or 
exceeds the rice produced from local food flour and is 
cooked in the same way as rice (Damat et al., 2021; 
Mishra et al., 2012; Wahjuningsih et al., 2018). Analog 
rice has almost the same or more nutritional content as rice 
and functional properties according to the raw materials 
used. On the other hand, it is an artificial product made 

from non-rice carbohydrate sources with high contents 
such as sweet potatoes [Ipomoea batatas (L.) Lam.], 
cassava (Manihot esculenta Crantz.), sago (Cycas revoluta 
Thunb.), sorghum [Sorghum bicolor (L). Moench.], and 
other ingredients (Sumardiono et al., 2014). 
     Several studies on analog rice that have been carried 
out include analog rice of composite flour  (Sumardiono et 
al., 2014), sorghum (Budijanto and Yuliana, 2015; 
Wahjuningsih et al., 2018; Wahjuningsih et al., 2018), taro 
[Colocasia esculenta (L.) Schott.] and seaweed 
(Wahjuningsih and Susanti, 2018), from sweet potato and 
carrot flour [Daucus carota subsp. sativus (Hoffm) Schübl. 
& G. Martens] (Anggraini et al., 2016), from sago flour 
and arrowroot starch (Pudjihastuti et al., 2019), from sweet 
potato flour, avocado (Persea americana Mill.) seeds, tofu 
pulp (Putri and Sumardiono, 2020), from sago and red 
beans (Phaseolus vulgaris L.) (Wahjuningsih et al., 2020), 
and analog rice from corn flour and seaweed grass 
(Gracilaria sp.) (Purwaningsih et al., 2020). However, 
there are no studies on analog rice made from a mixture of 
modified arrowroot starch using the heat moisture 
treatment (HMT) method and corn flour with seaweed 
porridge as a source of antioxidants. 

 Therefore, this study used modified arrowroot starch to 
increase resistant starch content in analog rice. Resistant 
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starch is the fraction that resists hydrolysis of digestive 
enzymes and can be approximately 22.56 % in arrowroot 
starch (Astuti et al., 2018). The compact structure of 
resistant starch molecules also prevents digestive damage 
by enzymes, namely blood glucose; hence, it is considered 
suitable for people with diabetes (Damat, 2013; Damat et 
al., 2019;  Ferng et al., 2016;  Joslowski et al., 2015; Saari 
et al., 2017). 

Corn flour is added to improve the shape of the rice lost 
during cooking and reduce the stickiness because of the 
high content of 4.93 % fat in white corn flour (Hidayat et 
al., 2017). Furthermore, composite components can be 
added to manufacture artificial rice as needed. 

Seaweed is the primary source of hydrocolloids and 
contains functional components such as high dietary fiber, 
which absorbs water and binds glucose. Therefore, it 
reduces glucose availability and stabilizes and lowers 
blood glucose in the body (Carlson et al., 2018). It is also 
rich in antioxidants, nucleic acids, amino acids, and 
vitamins A, B, C, D, E, and K (Khan et al., 2019; Rocha et 
al., 2019). A previous study showed that seaweed is an 
abundant source of antioxidants such as carotenoids, 
pigments, and polyphenols, with various polysaccharides 
(Sreejamole and Greeshma, 2013). Antioxidants are 
chemical compounds that play an essential role in 
protecting cells due to attacks from free radicals that 
cause damage (Damat et al., 2020; Queralt et al., 2015; 
Setyobudi et al., 2019; Setyobudi et al., 2022). Therefore, 
the use of seaweed flour is expected to increase the 
functional properties of analog rice. The aim of this study 
is to determine analog rice made from modified arrowroot 
starch, corn flour, and seaweed porridge as well as analyze 
the physicochemical of antioxidant-rich.  

2. Materials and Methods 

2.1. Preparation of study materials 

The materials used in the manufacturing of analog rice 
included arrowroot starch from farmers in Junrejo District, 
Batu City, East Java, corn flour from CV Makmur Sejati 
Malang, East Java. Arrowroot starch is made from 
arrowroot tubers, and prepared using the Damat et al., 
(2019) method. Gracilaria sp. type seaweed from CV 
Agar Sari Jaya Malang, East Java. Glycerol monostearate 
(GMS) – one stearyl for one glycerol – (Pro Analytic), and 
water. Other materials used in this study were a solution of 
H2SO4 (Pro Analytic, Merck), Na2SO4 (Pro Analytic, 
Merck), HgO (Pro Analytic, Merck), distilled water, boric 
acid (Pro Analytic, Smartlab), HCl (Pro Analytic, 37 %, 
Merck), petroleum benzene (Pro Analytic, Merck), ethanol 
96 % (Technical), and DPPH (Pro Analytic, Merck), 
Bovine serum albumin (BSA) (Sigma-Aldrich), and 
NaOH.  

2.2. Preparation of seaweed porridge 

Seaweed (Gracilaria sp.) was dried, sorted, and 
cleaned of dirt such as salt, sand, shellfish, and other 
impurities by washing, repeatedly. A total of 100 g of 
seaweed was soaked in 2 L of solution for 24 h, containing 
whiting (1.5 % w v-1), rice flour (2.5 % w v-1), and lime 
juice (0.3 % v v-1). Next, the neutralization process was 
carried out by washing the seaweed in running water, 
followed by soaking the seaweed in a 25 % alum solution 
for 4 h to remove the fishy smell. 

The size of the seaweed was reduced to one cm after 
obtaining clean and odorless seaweed. Subsequently, the 
seaweed was mashed using a Blender Maspion Set MT 
1206 with the addition of 1:1 water. Finally, the delicate 
seaweed was heated for 15 min at a temperature of 50 °C 
to 60 °C. 

2.3. Arrowroot starch modification 

Modification of starch using the heat moisture 
treatment (HMT) was carried out using the method by Liu 
et al. (2016). After adding distilled water, the water 
content became 30 %, and the sample was left at 4 °C for 
24 h in a closed container. Next, the samples were heated 
at 105 °C for 16 h using the UN-55 Memmert Universal 
Drying Oven and cooled to room temperature. 
Furthermore, the samples were dried using a cabinet dryer 
type AM-TD12 at 40 °C until the water content was less 
than 10 % (db). After drying, the starch was crushed and 
sifted using a 100 stainless mesh sieve.  

2.4. Preparation of analog rice  

The analog rice preparation implemented extrusion 
technology, where modified arrowroot starch and corn 
flour were mixed, with the composition according to the 
treatment. The mixture was added with 1 %, 2 %, and 3 % 
of seaweed porridge and 20 % (w v-1) water. Subsequently, 
the mixture was steamed using a Maspion SKU 15448 
steamer for 30 min at 80 °C and later molded into rice 
grains using the Barata Indonesia extruder model BA-05. 
Finally, the analog rice grains were dried in a Maksindo 
drying cabinet at 50 °C for 20 h. 

 
Table 1. Formulation of analog rice 

Treatment 
The proportion of modified 
arrowroot starch:corn flour 

Seaweed porridge     
(% v w-1) 

R1C1 30:70 1 

R2C1 40:60 1 

R3C1 50:50 1 

R1C2 30:70 2 

R2C2 40:60 2 

R3C2 50:50 2 

R1C3 30:70 3 

R2C3 40:60 3 

R3C3 50:50 3 

2.5.  Analysis of physicochemical properties of analog 
rice  

The physicochemical properties of analog rice included 
analysis of water content, fat content using Soxhlet, 
protein content using the Kjeldahl method, and 
carbohydrate content using the method McCleary et al. 
(2020). In addition, the fiber content of analog rice was 
analyzed using the Yu et al. method (Yu et al., 2014). In 
contrast, the levels of resistant starch were analyzed using 
the method described by McCleary (McCleary et al., 
2020). 

2.6. Antioxidant activity analysis 

The antioxidant activity test was conducted using the 
Saluri and Tuvikene method (Saluri and Tuvikene, 2020).  
In this study, 25 g of analog rice was added to 1 mL of                 
90 % m methanol (MeOH) 0.56 acetic acid and mixed for 
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1 min on sonication by centrifugation at 3 × 103 rpm for  
10 min (1 rpm = 1/60 Hz), which was used as the 
supernatant. Subsequently,  0.2 mL of the samples from 
each treatment was taken with a measuring pipette, put in a 
test tube, and 3.8 mL of previously prepared 500 µM 
DPPH solution was added. The solution was homogenized 
with a Vortex Mixer model no. VM-300 and incubated in a 
dark room for 30 min. The sample was adsorbed using a 
UV-Vis spectrophotometer Shimadzu UV-1800 with a 
maximum wavelength of DPPH. Meanwhile, the 
antioxidant activity of examples that have reacted with free 
radicals from DPPH is determined using the Equation (1) 
below:            

%  100 
blankoAbs.

sample Abs. blank  Abs.
Inhibition  % 


     (1) 

 Notes: 

Abs. Blank = Absorbancy of DPPH 50 μ 

Abs. Sample = Absorbancy of the sample  

2.7. 4 Resistant starch determination 

As described by McCleary et al. (2020), the resistant 
starch was determined using the 2002.02 AOAC method. 
A sample of 0.50 g was weighed into a screw cap test tube 
measuring 16 mm × 125 mm, and 4 mL of pancreatic 
amylase solution (10 mg mL-1) (3 µ mL-1 amylo- 
glucosidases/sodium azide 0.03 %) was added to each 
sample. The tubes were closed and incubated at 37 °C with 
continuous shaking at 100 rpm for precisely 16 h to allow 
the dissolution of non-resistant starch and hydrolysis to                                 
D-glucose. 

The reaction was stopped by adding 4 mL of absolute 
ethanol, and the resistant starch was removed by 
centrifugation (2 000 × g, 10 min at room temperature). 
Furthermore, the pellets were washed twice with 8 mL                   
50 % ethanol at 4 °C and centrifuged (2 000 × g, 10 min at 
room temperature), which was later dissolved by adding            
2 mL of 2 M KOH and stirred evenly. The solution was 
neutralized with 8 mL of 1.2 M sodium acetate buffer (pH 
3.8), and 0.1 mL of amyloglucosidase was immediately 
added. The sample was incubated at 50 °C and shaken for 
60 min, and the content of the tube was diluted at 1:10 
with distilled water. The supernatant from each solution 
was centrifuged (1 500 × g, 10 min), and the 40 L 
supernatant was mixed with a 1.2 mL glucose oxidase-
peroxidase-4-amino antipyrine reagent (megazyme 
resistant starch assay, Megazyme International Ireland 
Ltd., Co. Wicklow, Ireland) and incubated at 50 °C for                   
20 min. The supernatant was further calibrated using a 
spectrophotometer (Shimadzu UV-1800) at a wavelength 
of 510 nm. 

2.8.  Study design 

This study used a randomized block design with 
Duncan's follow-up test. Data analysis was performed 
using SPSS-IBM 18 (Adinurani, 2016). Each experimental 
treatment was repeated three times. 

3. Results and Discussion 

3.1. Raw material analysis 

In this study, the raw materials used included modified 
arrowroot starch, corn flour, and seaweed (Gracilaria sp.). 

Based on the proximate analysis of raw materials shown, 
the moisture content of modified arrowroot starch, corn 
flour, and seaweed are 7.02 %, 9.18 %, and 87.30 %. 
Respectively, moisture content plays an essential role in 
determining the material's shelf life. Since seaweed has a 
relatively high moisture content, storage was carried out at 
cold temperatures (5 oC). Therefore, storage at low 
temperatures can prevent the growth of bacteria and fungi 
and inhibit metabolism and chemical reactions (Frau et al., 
2021). Each material's ash content, such as modified 
arrowroot starch, corn flour, and seaweed, ranged from 
0.18 % to 0.65 %. Meanwhile, the highest ash content was 
discovered in seaweed, which showed that it has the 
highest mineral content. 

The fat content of the ingredients ranged from 1.98 % 
to 3.46 %, where the corn flour has the highest, which is 
discovered in many parts of the treatment (Hidayat et al., 
2017). Protein is among the macronutrients needed in the 
body, while its content in the material ranged from 0.86 % 
to 3.55 %, whereas seaweed had the highest. Furthermore, 
the carbohydrate content in the material ranged from    
6.13 % to 91.49 %, and the lowest was in seaweed. 

3.2. Proximate composition of analog rice  

The results of the proximate analysis of analog rice are     
shown in Table 2.  

Table 2. Proximate analysis of analog rice 

Treatment Water 
content 
(%) 

Ash 
content 
(%) 

Fat 
content 
(%) 

Protein 
content 
(%) 

Carbohydrate 
content (%) 

R1C1 13.56h 0.51c 0.81g 0.44bc 85.09a 

R2C1 10.62g 0.46b 0.73de 0.46bcd 87.80b 

R3C1 10.14f 0.48bc 0.66c 0.38ab 88.40c 

R1C2 9.85e 0.33a 0.76f 0.44bc 88.70d 

R2C2 9.45c 0.52d 0.71d 0.30a 88.94e 

R3C2 8.20b 0.52d 0.58b 0.37ab 90.17f 

R1C3 9.63d 0.56e 0.75ef 0.49cd 88.58c 

R2C3 8.06a 0.52d 0.66c 0.55d 90.03f 

R3C3 9.44c 0.51cd 0.40a 0.50cd 88.77de 

Note: The average value followed by the same letter showed that 
it was not significantly different from the 5 % DMRT test. 

Water content was one of the essential factors in the 
manufacture of analog rice because high water content 
easily damages the analog rice. Based on the analysis of 
variance, there was an interaction between differences in 
flour composition and the addition of seaweed porridge. 
The water content test ranged from  8.06 % to 13.56 %, 
where the highest was in the proportion of modified 
arrowroot starch: corn flour, in a ratio of 30:70, with 1 % 
seaweed porridge. The lowest water content was from the 
formulation of 40 % modified arrowroot starch, 60 % corn 
flour, and 3 % seaweed porridge. All treatments applied 
fulfilled the Indonesian National Standard (SNI 6128-
2015), with the maximum water content of milled rice 
being 14 % (Anggraini, 2020). 

Ash content in analog rice was also an indicator of the 
number of mineral elements (Wahjuningsih and Susanti, 
2018). The results showed an interaction between 
differences in flour composition with the addition of 
seaweed porridge. The ash content of analog rice ranged 
from 0.33 % to 0.56 %, where the highest was discovered 
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in the proportion of modified arrowroot starch:corn flour, 
in a ratio of 30:70 with seaweed porridge 3 % to 0.56 %. 
Meanwhile, the lowest was in the proportion of modified 
arrowroot starch: corn flour, in a ratio of 30:70, with the 
addition of 2 % seaweed porridge of 0.33 %. Although 
according to Chan and Matanjun (2017) seaweed 
(Gracilaria sp.) contained an ash content of 8.09 %, 
another study showed that seaweed had vitamins, amino 
acids, nucleic acids, and macro minerals such as calcium 
and iodine (Rocha et al., 2019). Meanwhile, it is assumed 
that seaweed contained minerals, specifical iodine as a 
trace element, and and also ash content of 3.24 %. 
Modified arrowroot starch contained 0.21 % ash content 
(Astuti et al., 2018), while in this study its value was                    
0.65 %. 

Fat is a compound that is insoluble in water but soluble 
in organic solvents. In this study, there was an interaction 
between differences in flour composition with the addition 
of seaweed porridge. The fat content of analog rice ranged 
from 0.40 % to 0.81 %, and the highest content was 
discovered in the proportion of modified arrowroot 
starch:cornflour in a ratio of 30:70 with a 2 % seaweed 
porridge of 0.81 %. Meanwhile, the lowest was in the 
proportion of modified arrowroot starch: corn flour in a 
ratio of 50:50 with 1 % seaweed porridge. Corn flour 
contained fat of 4.93 % (Hidayat et al., 2017). In addition, 
the source of fat in analog rice came from the GMS, which 
is derived from oil palm and prevents extrudates from 
sticking to each other (Damat et al., 2019). The fat content 
in corn flour can be used as a lubricant in the extruder, 
which facilitates the formation of the dough (Hidayat et 
al., 2017).   

Protein is one of the crucial macronutrients that the 
body needs (Setyobudi et al., 2019, 2021). In this study, 
there was an interaction between the differences in flour 
composition with the addition of seaweed porridge. 
Furthermore, the protein content of analog rice ranged 
from 0.30 % to 0.55 %, where the highest was discovered 
in the proportion of modified arrowroot starch:corn flour 
in a ratio of 30:70 with 3 % seaweed porridge of 0.55 %. 
Meanwhile, the lowest was in the proportion of modified 
arrowroot starch: corn flour in a ratio of 50:50 with an 
additional 3 % seaweed porridge of 0.30 %. The amount of 
protein used was 3.55 %, different from the 16.83 %, a 
study by Zhang et al. (2020). A previous study by Chan 
and Matanjun (2017) suggested that Gracilaria sp. 
contained a minimum of 0.3 % protein. The protein 
content was much lower than milled rice because the 
analog rice raw materials of starch and flour were also low 
in protein. 

Carbohydrates are the primary source of energy that the 
body needs for activity. The results showed that the 
carbohydrate content of analog rice ranged from 84.57 % 
to 90.32 %. There was an interaction between differences 
in flour composition with the addition of seaweed 
porridge. Furthermore, the carbohydrate content of analog 
rice ranged from 84.57 % to 90.32 %, with the highest 
content in the modified arrowroot starch:corn flour in a 
ratio of 40:60 with 2 % seaweed pulp of 90.32 %. 
However, the lowest was in the proportion of modified 
arrowroot starch:corn flour in a ratio of 30:70 with 1 % 
seaweed porridge of 84.06 %. The carbohydrate content in 
analog rice was relatively high because of the source, 
which was the raw materials in starch and flour. All 

treatments still had carbohydrate levels above milled rice, 
which is 78.90 % (Anggraini, 2020). 

Antioxidants are compounds that counteract free 
radicals, and in this study the moderate antioxidant activity 
of pre-cooked rice was lower than cooked rice. Also, there 
was an interaction between differences in flour 
composition with the addition of seaweed porridge. Based 
on the results, the antioxidant activity of pre-cooked rice 
ranged from 20.18 % to 26.79 %, while cooked rice ranged 
from 34.38 % to 43.91 %. The highest antioxidant activity 
of pre-cooked rice was discovered in the proportion of 
modified arrowroot starch:corn flour in a ratio of 40:60 
with 1 % seaweed porridge of 26.79 %. Meanwhile, the 
lowest was in the proportion of modified arrowroot 
starch:corn flour in a ratio of 30:70 with the addition of                  
3 % seaweed pulp of 20.18 %. Similarly, the highest 
antioxidant activity in cooked rice was in the formulation 
of modified arrowroot starch: corn flour in a ratio of 30:40 
with the 3 % seaweed porridge of 43.91 % while the 
lowest was in proportion with a ratio of 40:30 with the 
addition of 1 % seaweed porridge of 34.38 %. The results 
of the antioxidant activity are shown in Table 3. 

Table 3. Antioxidant activity of analog rice, steamed rice from 
analog rice, and resistant starch (RS) content of analog rice 

Treatment Antioxidant 
activity (%) of 
pre-cooked rice 

Antioxidant 
activity (%) of 
cooked rice 

RS Content 
(%) 

R1C1 25.54±0.28e 34.38±0.26a 10.74±0.07a 

R2C1 26.79±0.06f 37.57±0.02c 12.23±0.07b 

R3C1 26.11±0.12ef 36.39±0.31b 14.23±0.39d 

R1C2 22.89±0.26bc 38.65±0.28d 13.55±0.19c 

R2C2 23.93±0.36d 38.65±0.18d 14.78±0.78e 

R3C2 23.67±0.17cd 40.3±0.211f 16.52±0.18g 

R1C3 20.18±0.57a 38.19±0.05d 15.88±0.06f 

R2C3 23.46±0.27cd 43.91±0.06g 16.51±0.04g 

R3C3 22.37±0.42b 39.74±0.26e 17.81±0.18h 

Note: The average value followed by the same letter showed that 
it was not significantly different from the 5 % DMRT test. 

Analog rice becomes a functional food category when 
it contains active compounds that benefit the body. In 
addition to beta-carotene, other sources of antioxidants 
also came from the addition of seaweed, which contained 
enzymes, pigments, carotenoids, tannins, flavonoids, 
terpenes, steroids, and polysaccharides in high amounts 
(Sreejamole and Greeshma, 2013). Meanwhile, a previous 
study showed that there were 1 776 μg of carotenoids from 
100 g of algae (Rocha et al., 2019). The antioxidant 
activity decreased by an increase in the concentration of 
seaweed since antioxidant compounds such as pigments, 
carotenoids, and flavonoids were still in the cells and did 
not come out entirely due to a cell wall in seaweed.  The 
increase in seaweed reduced the proportion of other 
projected ingredients and also contained antioxidants such 
as corn flour. 

After the gelatinization process occurs, the antioxidant 
content of seaweed reaches the maximum point. The 
antioxidant compounds such as phenolic compounds in 
cell walls ruptured due to heat generated from collisions 
and friction between material particles (Chan et al., 2015; 
Chan and Matanjun, 2017). The heating process breaks the 
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cell walls of seaweed for the antioxidants to be maximized 
due to its hemicellulose degradation (Rocha et al., 2019). 
According to Verni et al. (2019), the lowest antioxidant 
activity was obtained at a temperature of 5 °C at pH 12. 
Only a small amount of antioxidant compounds was 
extracted due to the difficulty in penetrating the cell wall. 
In addition, corn flour used in the manufacturing of analog 
rice was a source of antioxidants. Corn contains beta-
carotene, a type of antioxidant (Setyobudi et al., 2019, 
2021). Carotenoid pigments can also scavenge peroxyl 
radicals, be converted into carotenoid peroxide radicals, 
and are easily decomposed, so they are not harmful to live 
cells (Sedjati et al., 2020). 

3.3. Resistant starch (RS) content of analog rice 

The body needs resistant starch (RS) to maintain 
digestive health (Damat et al., 2019; Setyobudi et al., 
2022). Based on the results, there was an interaction 
between differences in the composition of modified 
arrowroot starch: cornflour and the addition of seaweed 
porridge on the levels of analog rice resistant starch. 
Resistant starch levels in analog rice ranged from 10.74 % 
to 17.81 % (Table 3), which increased with the increasing 
proportion of modified arrowroot starch. The highest RS 
content was discovered in analog rice with the formulation 
of modified arrowroot starch: cornflour in a ratio of 50:50 
and 3 % seaweed porridge. Meanwhile, the lowest was in 
the formulation with a ratio of 30:70 and 1 % seaweed 
porridge, which was 10.74 % due to the addition of 
modified arrowroot starch. 

Analog rice with high levels of resistant starch (RS) 
can be developed into functional food. In the large 
intestine, it is fermented by lactic acid bacteria (LAB) to 
produce several types of short-chain fatty acids (SCFA), 
which have good effects (Damat, 2013; Wahjuningsih and 
Susanti, 2018). Food products with much resistant starch 
are digested slowly to reduce postprandial sugar levels 
(Damat et al., 2021).  

The modified arrowroot starch granules were of 88 591 
μm, which is larger than the natural ones (Damat et al., 
2021). Meanwhile, changes in the size of starch granules 
can cause an increase in the content of resistant starch and 
decrease its digestibility (Pasquale et al., 2021). This 
occurance was due to the incorporation of amylose in the 
cooling process to form crystals different from natural 
starch. In addition, starch modified by HMT, followed by 
cooling, made the surface of the starch grains uneven as an 
effect of passing through gelatinization and retrogradation, 
causing changes in structure, viscosity, solubility, and 

swelling power (Dundar and Gocmen, 2013; Lin et al., 
2020; Liu et al., 2016; Tako et al., 2014). Therefore,  
starch becomes more heat and shear-resistant, which 
causes a lower viscosity (Dhital et al., 2017). In addition, 
modification of starch by HMT also leads to the formation 
of type 3 resistant starch (Espinosa-Solis et al., 2021).   

The use of modified arrowroot starch can cause an 
increase in the granule size of analog rice. The granule size 
increases with the proportion of modified arrowroot starch 
added (Damat et al., 2021) due to differences in granule 
size and resistant starch content in analog rice. Similar 
results were also described by Ratnaningsih et al. (2019) 
which showed that the ability of enzymes to hydrolyze 
starch is influenced by amylose, resistant starch, and 
granule size. Food products with a high resistant starch 
(RS) content have a hypoglycemic effect and a low 
glycemic index (Aprianita et al., 2014; Vrancheva et al., 
2020). Aforementioned qualities are why the products are 
called functional foods. 

In analog rice, resistant starch levels increase with the 
addition of seaweed, a dietary fiber source. It has been 
discovered that seaweed (Gracilaria sp.) contained 9.76 %                   
(% w w–1) dietary fiber and 29.94 mg L–1 iodine (Chan and 
Matanjun, 2017). Dietary fibers in cooked rice are smaller 
than in raw rice because it contains a higher water content. 
Furthermore, cooked rice passes through a starch 
gelatinization process which causes the starch granules to 
expand due to the entry of water, and the result is 
irreversible (Astuti et al., 2018). Therefore, Gracilaria sp. 
is a source of dietary fiber in analog rice, which contains 
54.4 % galactan and 19.7 % (Rosemary et al., 2019).  

3.4. Shape of analog rice 

In general, the appearance of rice from all treatments 
was relatively the same. The shape of cooked rice is 
complete and resembles milled rice (Figure 1). Milled rice 
has a slightly oval shape and is whole when cooked. The 
addition of Gracilaria sp. also functions as a gelling agent 
so that when the cooking process, the shape of the rice 
produced is not lost (Figure 2). The addition of Gracilaria 
sp. also affects the appearance of analog rice. Agar cannot 
dissolve in cold water and, when heated, will form cross-
links that affect the gelation process. After cooking, a 
single helix or double helix bond is formed. The helix 
bond will occur after folding and cooling (Tako et al., 
2014). According to Ramadhan and Wini (2017), gelatin 
can form a triple helix network where the network can 
simultaneously trap water and reduce fluid flow from the 
dough so that it can strengthen the gel in a jam.

 

 

 
 
 
 
 
 
 
 
 
 
 
     
   
Figure 1. Analog rice shape 
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Figure 2. Rice shape from analog rice.

4. Conclusion 

The results showed that increasing the proportion of 
modified arrowroot starch and the concentration of 
seaweed (Gracilaria sp.) porridge can reduce the water, 
fat, protein, and ash contents. The addition also enhances 
the resistant starch and allows an increase in antioxidant 
activity of analog rice after steaming. It is therefore 
conclusive that using modified arrowroot starch, corn 
flour, and the addition of Gracilaria sp. can improve the 
functional properties of analog rice. 
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