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

Professor Atoum, Manar F. 
March, 2021 
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Abstract  

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. 

                                                           
* Corresponding author. e-mail: younusjasim@stu.edu.iq. 

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 

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 



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 4 554 

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

                                                           
* Corresponding author. e-mail: penchalanenijosthna@gmail.com. 

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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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. 

 

 

P1 

 

P2

 

P3

 
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 

                                                 
* Corresponding author. e-mail: duyunpeng@baafs.net.cn ; zhangxiuhai@baafs.net.cn. 

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. 
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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 



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

 

590 

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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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). 



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 4 595

 
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.  

Keywords: Tiger nut tuber, phytochemicals, anti-nutrients, elements, endophytes 
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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



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

 

618 

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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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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