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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 

    Concentrations and sources of Polycyclic aromatic hydrocarbons were determined seasonally in some terrestrial plant 
species (Conocarpus lancifolius, Eucalyptus camaldulensis and Suaeda vermiculata) at three stations in west Qurna-1 oil 
field, southern Iraq during the period from January 2018 to December 2018. The results showed that the highest mean 
concentration of PAHs in plant species at DS6 was (2.813 ng/g dry weight) in E. camaldulensis and the lowest was in C. 
lancifolius (2.106 ng/g dry weight). Seasonal variation of PAHs concentration showed that the highest mean concentration 
was recorded in spring (2.634 ng/g dry weight) in E. camaldulensis while the lowest mean concentration was recorded in 
winter (1.975 ng/g dry weight) in Suaeda vermiculata. According to the PAHs indices [(The Fluoranthene/Pyrene ratio, 
Phenanthrene/Anthracene ratio, LMW/HMW ratio, Ant/(Ant+Phen) ratio, BaA/(BaA+Chry) ratio and InP/(InP+BghiP) 
ratio)], the main sources of PAHs in these plants species were pyrogenic and petrogenic. 

 Keywords: PAHs, Plant species, Oil field, Iraq 

                                                 
* Corresponding author e-mail: htalsaad@yahoo.com. 

1. Introduction 

Polycyclic aromatic hydrocarbons (PAHs) exist in the 
environment, and they are distributed in both aquatic and 
terrestrial environments and both biogenic and 
anthropogenic origin. They can be formed by several 
pathways: biosynthesis, pyrogenic and petrogenic (Karem, 
2016). 

Petrogenic PAHs are derived from petroleum and other 
fossil fuels containing PAHs. Diagenetic PAHs refer to 
PAHs formation from biogenic precursors, like plant 
terpenes, leading to the formation of compounds, such as 
retune (methyl isopropyl phenanthrene or 1-methyl-7-
isopropyl phenanthrene C18H18) and derivatives of 
phenanthrene and chrysene. A potential fourth source of 
PAHs is biogenic or purely from bacteria, fungi, plants or 
animals in sedimentary environments without any 
contributions from diagnostic processes; however, this 
source is not significant. Their presence in all environment 
compartments results from both natural processes, such as 
volcanic activity or forest fires, and predominantly 
anthropogenic activities, including waste incineration, 
burning wood, coal or garbage, and operation of gasoline 
and diesel engines (Bakhtiari et al., 2009). PAHs are very 
dangerous substances because of their cariogenic 
properties. It is important to know the features of PAHs 
transport and accumulation in soils, especially on 
agricultural lands. The PAHs are produced by combustion 

of fossil fuel (coal and petroleum) and as a natural source 
released to the environment (Zakaria et al., 2002). 

They can be transported over long distances in the 
atmosphere and deposited in faraway areas; hence, they are 
widely found in the environment (Wang et al., 2015). 
There are a large number of PAH compounds in the 
environment, comprising of sixteen compounds of 
increasing environmental and health interests: naphthalene, 
acenaphthylene, acenaphene, phenanthrene, fluorene, 
anthracene, fluoranthene, pyrene, chrysene, benzo (a) 
anthracene, benzo (b) fluoranthene, benzo (k) 
fluoranthene, benzo (a) pyrene, benzo (ghi) perylene, 
dibenzo (ah) and anthracene, indeno[1,2,3(cd)] pyrene. 
The physical, chemical and toxicological properties for 
each of these compounds are different. Therefore, their 
evaluation in nature is required (Al-Hejuje et al., 2015). 

Long-term exposure to hydrocarbon compounds can 
negatively impact human life in terms of comfort and 
health (Al-Hejuje et al., 2015). PAHs may largely 
contaminate all environmental matrices and raise 
toxicological, mutagenic, and carcinogenic concerns 
(Karem, 2016). 

The aim of the present study is to determine the levels 
of PAH compounds in some plant species at west Qurna-1 
oil field in Basra, southern Iraq by collecting, extracting 
and analysing the aromatic compounds in the plant 
samples. 

Study Area  
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The super-giant west Qurna oil field in southern Iraq is 
located in Basra Governorate, around 65 km northwest of 
the city of Basra. The west Qurna field is situated in a 
long, sinuous North South trending structure. The field is 
comprised of two separate license areas, 1 and 2. The west 
Qurna field was discovered in August 1973 and a total of 

Figure 1. The study area in west Qurna-1 oil field. 

 
13 wells have been drilled in the West Qurna-1 area. 
Significant oil accumulations have been discovered in the 

early to late Cretaceous Sa’di, Khasib, Mishrif, Zubair, 
Ratawi and Yamama formations, and gas condensate was 
recovered from a tesin the late Jurassic Najmah formation. 

West Qurna-1 oil field is located southwest of Basra 
city. The study area extended between latitudes (30º 45’ 
35’’ E, 30º 52’ 54’’ N) and longitude (47º 19’ 12’’ E, 47º 

19’ 53’’) as shown in Fig 1. The west Qurna oil field area 
is characterized by a flat topography, where the elevation 
of the overall study area ranges from 0.5 m to 2 m above 
sea level. 

2. Materials and Methods 

Three species of plants (Conocarpus lancifolius, 
Eucalyptus camaldulensis and Suaeda vermiculata) were 
chosen. The plants leaves samples were collected by hand 
from three stations (DS6, DA7 and DS8) seasonally during 
the period from January 2018 to December 2018. The 
plant samples were washed with distilled water, dried at 
room temperature, ground finely in an electrical mortar, 
and stored in glass containers until analysis. Five grams of 
each ground plant samples were placed separately in 
soxhlet using soxhlet intermittent extraction (Goutex and 
Saliot, 1980) with 120 ml mixed solvents 
methanol:benzene (1:1  v/v) for 24-36 hr at a temperature 
that did not exceed 40ᵒC. At the end of this period, the 
combined extracts underwent saponification for 2 hr by 
adding 20 ml 4M MeOH(KOH) at the same temperature 
and cooled to room temperature, and the saponification 
matter with 40 ml n-hexane was extracted using a 
separator funnel. The extract was then concentrated to 
about 2 ml by a rotary evaporator for the following clean-
up. The concentrated extract was fractionated by column 
chromatography on anhydrous sodium sulphate (1 g) over 
alumina (10 g) and silica gel (10 g). The aromatic 
hydrocarbons were obtained by successively eluting 
Benzen (25 ml). The aromatic fractions were concentrated 
again on a rotary evaporator and transferred to a vial, and 
the volume was adjusted to 1 ml exactly using a stream of 

nitrogen gas. An aliquot of 1 ml of aromatic hydrocarbons 
extract was subjected to analysis. The determination of 
PAHs was done by using HPLC (Shimadzu LC). A 
standard (PAHs) was used to determine the qualities and 
quantities of these compounds in the plant samples. The 
condition operation for HPLC was as follows: the column 
was C18 (250mm, 25cm, 4.6mm), the mobile phase was 
acetonitrile:water (90:10 v/v), the flow rate was 0.5ml/min, 
the injection volume was 20μl, the wavelength of 
UV/visible was 254 nm (Al-Hejuje, 2014; Al-Hejuje et al., 
2015). 

3. Statistical Analysis 

Analysis of Variance (One-way ANOVA) was applied 
using Statistical Package for Social Science (SPSS) 
ver.17.0 software to identify the existence of significant 
temporal and spatial differences (Al-Hejuje, 2014). 

4. Results 

The PAHs concentration in plants are classified as 
shown in Table 1-3. 
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Table 1. Concentrations of Polycyclic Aromatic Hydrocarbons (ng/g dry weight) in C. lancifolius. 

 Winter Spring Summer Autumn 

PAHs DS6        DS7       DS8      DS6 DS7     DS8     DS6 DS7     DS8 DS6 DS7    DS8    

 Naphthalene 0.109 0.138 0.134 0.114 0.146 0.143 0.120 0.164 0.152 0.116 0.151 0.141 

 Acenaphthylene 0.126 0.142 0.125 0.132 0.166 0.130 0.141 0.173 0.126 0.135 0.162 0.117 

 Acenaphene 0.043 0.150 0.108 0.042 0.143 0.116 0.024 0.021 0.112 0.011 0.016 0.0.62 

 Fluorene 0.148 0.121 0.127 0.152 0.138 0.130 0.153 0.142 0.131 0.148 0.135 0.125 

 Phenanthrene 0.122 0.117 0.133 0.124 0.125 0.148 0.110 0.131 0.152 0.102 0.122 0.130 

 Anthracene 0.167 0.109 0.177 0.177 0.215 0.227 0.198 0.233 0.249 0.173 0.197 0.213 

 Fluoranthene 0.112 0.155 0.175 0.117 0.262 0.212 0.221 0.225 0.225 0.175 0.194 0.210 

 Pyrene 0.129 0.115 0.228 0.132 0.127 0.254 0.211 0.101 0.320 0.167 0.100 0.299 

 Benzo(a)  anthracene 0.115 0.102 0.109 0.113 0.013 0.114 0.121 0.011 0.030 0.126 0.042 0.037 

 Chrysene 0.117 0.113 0.210 0.113 0.139 0.227 0.117 0.146 0.214 0.112 0.135 0.196 

 Benzo(b)  fluoranthene 0.297 0.124 0.137 0.310 0.175 0.154 0.325 0.198 0.163 0.210 0.168 0.142 

 Benzo(k)  fluoranthene 0.118 0.130 0.106 0.124 0.165 0.113 0.126 0.071 0.022 0.115 0.066 0.113 

 Benzo(a)  pyrene 0.021 0.121 0.118 0.024 0.233 0.126 0.125 0.259 0.133 0.117 0.221 0.115 

 Indo(1,2,3-cd)  pyrene 0.018 0.133 0.175 0.021 0.147 0.216 0.119 0.152 0.236 0.100 0.134 0.201 

 Dibenzo anthracene 0.177 0.123 0.137 0.185 0.131 0.132 0.194 0.130 0.136 0.166 0.120 0.121 

 Benzo(g,h,i)  perylene 0.057 0.036 0.125 0.064 0.054 0.247 0.173 0.173 0.263 0.153 0.144 0.195 

 Total   1.876 1.929 2.319 1.944 2.283 2.680 2.478 2.330 2.664 2.126 2.107 2.457 

 Table 2. Concentrations of Polycyclic Aromatic Hydrocarbons (ng/g dry weight) in E. camaldulensis 

 Winter Spring Summer Autumn 

PAHs DS6        DS7       DS8      DS6 DS7     DS8     DS6 DS7       DS8 DS6 DS7    DS8    

 Naphthalene 0.134 0.107 0.170 0.114 0.190 0.032 0.116 0.036 0.036 0.107 0.027 0.138 

 Acenaphthylene 0.125 0.114 0.125 0.114 0.138 0.186 0.210 0.215 0.218 0.194 0.192 0.194 

 Acenaphene 0.108 0.165 0.134 0.202 0.143 0.043 0.027 0.150 0.036 0.022 0.143 0.027 

 Fluorene 0.127 0.124 0.102 0.140 0.033 0.139 0.141 0.024 0.140 0.127 0.015 0.152 

 Phenanthrene 0.133 0.132 0.103 0.158 0.116 0.127 0.164 0.129 0.139 0.148 0.114 0.142 

 Anthracene 0.177 0.167 0.095 0.198 0.112 0.156 0.260 0.115 0.164 0.244 0.104 0.152 

 Fluoranthene 0.175 0.211 0.197 0.262 0.220 0.318 0.362 0.236 0.320 0.226 0.218 0.312 

 Pyrene 0.228 0.164 0.195 0.211 0.231 0.211 0.201 0.252 0.209 0.191 0.247 0.194 

 Benzo(a)  anthracene 0.109 0.310 0.100 0.348 0.102 0.148 0.357 0.063 0.164 0.341 0.041 0.013 

 Chrysene 0.210 0.027 0.102 0.032 0.112 0.110 0.124 0.131 0.012 0.115 0.124 0.015 

 Benzo(b)  fluoranthene 0.137 0.102 0.020 0.119 0.021 0.113 0.123 0.063 0.115 0.113 0.048 0.172 

 Benzo(k)  fluoranthene 0.106 0.105 0.047 0.113 0.275 0.063 0.121 0.311 0.030 0.116 0.290 0.035 

 Benzo(a)  pyrene 0.118 0.221 0.201 0.274 0.221 0.057 0.281 0.210 0.069 0.255 0.201 0.061 

 Indo(1,2,3-cd)  pyrene 0.175 0.148 0.326 0.326 0.376 0.125 0.312 0.456 0.146 0.289 0.397 0.138 

 Dibenzo anthracene 0.137 0.131 0.304 0.137 0.317 0.072 0.142 0.326 0.056 0.133 0.311 0.074 

 Benzo(g,h,i)  perylene 0.125 0.142 0.026 0.214 0.032 0.114 0.217 0.053 0.124 0.199 0.034 0.133 

 Total   2.319 2.370 2.247 2.962 2.639 2.302 3.152 2.770 1.978 2.820 2.506 1.952 
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Table 3. Concentrations of Polycyclic Aromatic Hydrocarbons (ng/g dry weight) in S. Vermiculata 

 

C. lancifolius: 

The highest mean concentration of total PAHs in this 
plant was recorded at DS8 (2.530 ng/g dry weight) while 
the lowest mean concentration (2.106 ng/g dry weight) 
was recorded at DS6 (Table 4). Signification differences 
(p=0.041) were found among locations. 

The highest seasonal mean concentrations (2.490 ng/g 
dry weight) were detected during summer season while the 
lowest seasonal mean concentration (2.041 ng/g dry 
weight) was during winter season (Table 4). The 
differences among seasons were not significant (p=0.267). 

E. camaldulensis: 

The highest mean concentration of total PAHs in this 
plant was recorded at DS6 (2.813 ng/g dry weight) while 
the lowest mean concentration (2.119 ng/g dry weight) 
was recorded at DS8 (Table 4). Significant differences 
(p=0.007) were found among locations. 

The total PAHs seasonal variations were observed in 
the present study. The highest seasonal mean concentration 
(2.634 ng/g dry weight) was detected during spring season 
while the lowest seasonal mean concentration (2.312 ng/g 
dry weight) was during winter (Table 4). The differences 
among seasons were not significant (p=0.161). 

S. vermiculata: 

The highest mean concentration of total PAHs in this 
plant was recorded at DS7 (2.194 ng/g dry weight) while 
the lowest mean concentration (2.128 ng/g dry weight) 
was recorded at DS6 (Table 4). The differences among 
locations were not significant (p=0.403). 

The seasonal variations of total PAHs were observed in 
this study. The highest seasonal mean concentration (2.371 
ng/g dry weight) was detected during summer season 
while lowest seasonal mean concentration (1.975 ng/g dry 
weight) was during winter (Table 4). Significant 
differences (p=0.008) were found among seasons. 

  Winter  Spring  Summer  Autumn 

PAHs DS6       DS7       DS8      DS6 DS7     DS8     DS6 DS7       DS8 DS6 DS7    DS8    

 Naphthalene 0.117 0.095 0.120 0.127 0.106 0.131 0.142 0.035 0.225 0.126 0.028 0.193 

 Acenaphthylene 0.119 0.100 0.117 0.125 0.116 0.125 0.140 0.132 0.093 0.134 0.125 0.081 

 Acenaphene 0.149 0.126 0.093 0.142 0.143 0.113 0.173 0.138 0.115 0.157 0.127 0.104 

 Fluorene 0.102 0.147 0.113 0.036 0.162 0.124 0.046 0.172 0.127 0.035 0.155 0.110 

 Phenanthrene 0.116 0.134 0.120 0.136 0.167 0.141 0.129 0.186 0.142 0.111 0.160 0.132 

 Anthracene 0.123 0.129 0.135 0.127 0.147 0.160 0.147 0.153 0.173 0.134 0.141 0.153 

 Fluoranthene 0.147 0.110 0.128 0.135 0.115 0.148 0.198 0.035 0.259 0.167 0.220 0.237 

 Pyrene 0.131 0.194 0.056 0.117 0.201 0.088 0.172 0.210 0.092 0.158 0.191 0.071 

 Benzo(a)  anthracene 0.032 0122 0.112 0.110 0.021 0.120 0.032 0.011 0.113 0.026 0.015 0.106 

 Chrysene 0.125 0.127 0.024 0.126 0.031 0.046 0.660 0.014 0.031 0.431 0.012 0.033 

 Benzo(b)  fluoranthene 0.114 0.132 0.119 0.095 0.158 0.137 0.100 0.171 0.146 0.089 0.153 0.129 

 Benzo(k)  fluoranthene 0.031 0.125 0.253 0.094 0.143 0.311 0.025 0.216 0.177 0.017 0.194 0.157 

 Benzo(a)  pyrene 0.186 0.100 0.141 0.117 0.108 0.186 0.220 0.117 0.198 0.213 0.114 0.175 

 Indo(1,2,3-cd)  pyrene 0.135 0.194 0.196 0.125 0.227 0.219 0.028 0.217 0.226 0.016 0.101 0.195 

 Dibenzo anthracene 0.195 0.189 0.104 0.104 0.310 0.113 0.032 0.320 0.116 0.021 0.302 0.103 

 Benzo(g,h,i)  perylene 0.124 0.119 0.114 0.124 0.135 0.133 0.256 0.152 0.137 0.217 0.136 0.122 

 Total   1.946 2.033 1.945 1.840 2.290 2.275 2.500 2.279 2.334 2.052 2.174 2.101 
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Table 4. Spatial and Temporal variations of Polycyclic Aromatic Hydrocarbons concentrations (ng/g dry weight) in plants species. 

* Conocarpus lancifolius ** Eucalyptus camaldulensis    ***   Suaeda vermiculat 

 
Polycyclic Aromatic Hydrocarbons (PAH) Indices in 

plants: 

Fluoranthene/Pyrene Ratio: 

The Fluoranthene/Pyrene Ratio ranged from 0.166 at 
DS7 in S. vermiculata in summer to 2.227 in C. lancifolius 
at DS7 in summer (Table 5). 

Phenanthrene/Anthracene Ratio: 

Phenanthrene/Anthracene ratio ranged from 0.561 at 
DS6 in C. lancifolius in summer to 1.215 at DS7 in S. 
vermiculata in summer (Table 5). 

LMW/HMW Ratio: 

LMW/HMW ratio ranged from 0.300 at DS7 in E. 
camaldulensis in autumn to 0.760 at DS7 in C. lancifolius 
in winter (Table 5). 

Ant/(Ant+Phen) Ratio: 

Ant/(Ant+Phen) ratio ranged from 0.441 at DS7 in E. 
camaldulensis during spring to 0.673 at DS7 in C. 
lancifolius during Summer (Table 6). 

Benzo (A) Anthracene/Benzo (A) Anthracene+ 
Chrysene Ratio 

BaA/(BaA+Chry) ratio ranged from 0.056 at DS6 in S. 
vermiculata in autumn to 0.931 at DS8 in Eucalyptus 
camaldulensis in summer (Table 6). 

InP/(InP+BghiP) Ratio: 

InP/(InP+BghiP) ratio ranged from 0.068 at DS6 in S. 
vermiculata in autumn to 0.926 at DS7 in E. camaldulensis 
in winter (Table 6). 

locations Winter Spring Summer Autumn Sp. Mean  ± SD 

DS6** 2.319 2.962 3.152 2.820 2.813 0.333 

DS7** 2.370 2.639 2.770 2.506 2.571 0.223 

DS8** 2.247 2.302 1.978 1.952 2.119 0.162 

S. Mean** 2.312 2.634 2.633 2.426 - - 

Locations           Winter                 Spring                 Summer        Autumn  Sp. Mean  ±SD 

DS6* 1.876 1.944 2.478 2.126 2.106 0.269 

DS7 * 1.929 2.283 2.330 2.107 2.162 0.182 

DS8* 2.319 2.680 2.664 2.457 2.530 0.173 

S. Mean * 2.041 2.302 2.490 2.230 - - 

Locations          Winter             Spring                 Summer Autumn Sp. Mean  ±SD 

DS6*** 1.946 2.014 2.500 2.052 2.128 0.251 

DS7*** 2.033 2.290 2.279 2.174 2.194 0.119 

DS8*** 1.945 2.275 2.334 2.101 2.163 0.176 

S.Mean***    1.975 2.193 2.371 2.109 - - 
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Table 5. Pollution indices values of PAHs and their origin source descriptions in the plant samples of the present study. 

* Conocarpus lancifolius ** Eucalyptus camaldulensis    ***   Suaeda vermiculata 

Locations  Seasons  Fl/Py  Description  Phen/Ant  Description  LMW /HMW  Description  

DS 6 * Winter 0.868 Petrogenic 0.730 Pyrogenic 0.615 Pyrogenic 

Spring  0.886 Petrogenic 0.700 Pyrogenic 0.615 Pyrogenic 

Summer  1.047 Pyrogenic 0.561 Pyrogenic 0.430 Pyrogenic 

Autumn 1.047 Pyrogenic 0.589 Pyrogenic 0.475 Pyrogenic 

 DS7* Winter 1.347 Pyrogenic 1.073 Pyrogenic 0.760 Pyrogenic 

Spring 2.062 Pyrogenic 1.000 Pyrogenic 0.730 Pyrogenic 

Summer 2.227 Pyrogenic 0.562 Pyrogenic 0.589 Pyrogenic 

Autumn 1.940 Pyrogenic 0.619 Pyrogenic 0.612 Pyrogenic 

DS 8 * Winter 0.767 Petrogenic 0.751 Pyrogenic 0.528 Pyrogenic 

Spring 0.834 Petrogenic 0.651 Pyrogenic 0.498 Pyrogenic 

Summer 0.703 Petrogenic 0.610 Pyrogenic 0.534 Pyrogenic 

Autumn 0.702 Petrogenic 0.610 Pyrogenic 0.483 Pyrogenic 

DS 6** Winter  1.286 Pyrogenic 0.790 Pyrogenic 0.518 Pyrogenic 

Spring  1.241 Pyrogenic 0.797 Pyrogenic 0.454 Pyrogenic 

Summer  1.800 Pyrogenic 0.630 Pyrogenic 0.409 Pyrogenic 

Autumn 1.183 Pyrogenic 0.660 Pyrogenic 0.425 Pyrogenic 

DS 7** Winter 1.010 Pyrogenic 1.084 Pyrogenic 0.480 Pyrogenic 

Spring 0.952 Petrogenic 1.035 Pyrogenic 0.383 Pyrogenic 

Summer 0.936 Petrogenic 1.121 Pyrogenic 0.537 Pyrogenic 

Autumn 0.882 Petrogenic 1.096 Pyrogenic 0.300 Pyrogenic 

DS 8** Winter 1.480 Pyrogenic 0.914 Pyrogenic 0.416 Pyrogenic 

Spring 1.507 Pyrogenic 0.814 Pyrogenic 0.663 Pyrogenic 

Summer 1.531 Pyrogenic 0.847 Pyrogenic 0.514 Pyrogenic 

Autumn 1.608 Pyrogenic 0.934 Pyrogenic 0.700 Pyrogenic 

DS 6 ***  Winter 1.122 Pyrogenic 0.943 Pyrogenic 0.595 Pyrogenic 

Spring 1.085 Pyrogenic 0.887 Pyrogenic 0.544 Pyrogenic 

Summer 1.151 Pyrogenic 0.877 Pyrogenic 0.450 Pyrogenic 

Autumn 1.056 Pyrogenic 0.828 Pyrogenic 0.514 Pyrogenic 

DS 7***  Winter 0.567 Petrogenic 1.038 Pyrogenic 0.496 Pyrogenic 

Spring 0.572 Petrogenic 1.136 Pyrogenic 0.485 Pyrogenic 

Summer 0.166 Petrogenic 1.215 Pyrogenic 0.557 Pyrogenic 

Autumn 0.868 Petrogenic 1.134 Pyrogenic 0.516 Pyrogenic 

DS 8*** Winter 0.437 Petrogenic 0.888 Pyrogenic 0.559 Pyrogenic 

Spring 1.681 Pyrogenic 0.881 Pyrogenic 0.618 Pyrogenic 

Summer 0.355 Petrogenic 0.820 Pyrogenic 0.585 Pyrogenic 

Autumn 0.299 Petrogenic 0.862 Pyrogenic 0.581 Pyrogenic 
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Table 6. Another PAHs pollution indices values and their origin source descriptions in the plant samples of the present study. 

Locations Season   Ant/(Ant+ Phen)   Description     BaA/(BaA+ Chry    Description      InP/(InP+ BghiP)             Description  

DS 6* Winter 0.577 Pyrolytic 0.495 Pyrogenic 0.240 Petrogenic or Pyrogenic 

Spring 0.588 Pyrolytic 0.575 Pyrogenic 0.250 Petrogenic or Pyrogenic 

Summer 0.642 Pyrolytic 0.508 Pyrogenic 0.407 Petrogenic or Pyrogenic 

Autumn 0.629 Pyrolytic 0.529 Pyrogenic 0.395 Petrogenic or Pyrogenic 

DS 7* Winter 0.482 Pyrolytic 0.474 Pyrogenic 0.786 Petrogenic 

Spring 0.632 Pyrolytic 0.085 Pyrogenic 0.731 Petrogenic 

Summer 0.673 Pyrolytic 0.070 Petrogenic 0.467 Petrogenic or Pyrogenic 

Autumn 0.617 Pyrolytic 0.237 Petrogenic or Pyrogenic 0.482 Petrogenic or Pyrogenic 

DS 8* Winter 0.570 Pyrolytic 0.341 Petrogenic or Pyrogenic 0.583 Pyrogenic 

Spring 0.605 Pyrolytic 0.334 Petrogenic or Pyrogenic 0.466 Petrogenic or Pyrogenic 

Summer 0.620 Pyrolytic 0.140 Petrogenic 0.472  

Autumn 0.620 Pyrolytic 0.158 Petrogenic 0.507 Pyrogenic 

DS 6** Winter 0.558 Pyrolytic 0.919 Pyrogenic 0.510 Pyrogenic 

Spring 0.556 Pyrolytic 0.915 Pyrogenic 0.603 Pyrogenic 

Summer 0.613 Pyrolytic 0.779 Pyrogenic 0.612 Pyrogenic 

Autumn 0.622 Pyrolytic 0.747 Pyrogenic 0.592 Pyrogenic 

DS 7** Winter 0.479 Pyrolytic 0.495 Pyrogenic 0.926 Pyrogenic 

Spring 0.441 Pyrolytic 0.476 Pyrogenic 0.921 Pyrogenic 

Summer 0.471 Pyrolytic 0.324 Petrogenic or Pyrogenic 0.895 Pyrogenic 

Autumn 0.477 Pyrolytic 0.248 Petrogenic or Pyrogenic 0.560 Pyrogenic 

DS 8** Winter 0.501 Pyrolytic 0.580 Pyrogenic 0.569 Pyrogenic 

Spring 0.551 Pyrolytic 0.573 Pyrogenic 0.523 Pyrogenic 

Summer 0.541 Pyrolytic 0.931 Pyrogenic 0.540 Pyrogenic 

Autumn 0.517 Pyrolytic 0.464 Pyrogenic 0.509 Pyrogenic 

DS 6*** Winter 0.514 Pyrolytic 0.203 Petrogenic or Pyrogenic 0.521 Pyrogenic 

Spring 0.529 Pyrolytic 0.190 Petrogenic 0.626 Pyrogenic 

Summer 0.532 Pyrolytic 0.460 Pyrogenic 0.098 Petrogenic 

Autumn 0.546 Pyrolytic 0.056 Petrogenic 0.068 Petrogenic 

DS 7*** Winter 0.490 Pyrolytic 0.489 Pyrogenic 0.619 Pyrogenic 

Spring 0.468 Pyrolytic 0.403 Pyrogenic 0.627 Pyrogenic 

Summer 0.458 Pyrolytic 0440 Pyrogenic 0.588 Pyrogenic 

Autumn 0.468 Pyrolytic 0.555 Pyrogenic 0.426  

DS 8***  Winter 0.529 Pyrolytic 0.823 Pyrogenic 0.632 Pyrogenic 

Spring 0.531 Pyrolytic 0.722 Pyrogenic 0.622 Pyrogenic 

Summer 0.549 Pyrolytic 0.784 Pyrogenic 0.622 Pyrogenic 

Autumn 0.536 Pyrolytic 0.762 Pyrogenic 0.615 Pyrogenic 

* Conocarpus lancifolius ** Eucalyptus camaldulensis    ***   Suaeda vermiculata 

5. Discussion 

Plants are the most important components of the 
ecosystem because they are the main source of energy on 
land, in marine or in fresh water. Plants accumulate 
chemical compounds such as hydrocarbons; hence, they 
are used as bio-indicators to identify environmental 
changes in the region (USEPA, 2011). 

The predominant light PAHs compounds are 
Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene, 
and Anthracene while the dominant heavy PAHs 

 
 
 

compounds are Floranthene, Pyrene, Benzo(a)Pyrene, 
Benzo(a)anthracene, Benzo(k) flouranthene (Patel et al., 
2015). 

The highest levels of PAHs compounds in plants were 
recorded during summer whereas the lowest levels were 
found during spring or winter. The seasonal variations may 
be due to the high temperature during the summer season 
which is considered as a growth period for these plants due 
to the long period of solar radiation and the abundance of 
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nutrients as compared with other seasons. This will lead to 
an increase in the photosynthesis processes and absorption 
of the PAHs compounds (Jazza, 2015). 

There are differences in the concentration of PAHs 
compounds among the studied plants. These variations 
may be attributed to the lipid compounds of each plant 
species, the nature of growth substrate for each plant, the 
tolerance of each species to the environmental conditions, 
and the surface area that affects the rate of accumulation of 
plants (Hassan et al., 2016). To determine the origin of 
PAHs according to ratios, the results revealed that LMW-
PAHs/HMW-PAHs ratio was less than one during all 
seasons, indicating that the sources of PAHs in these 
species were pyrogenic. This finding was in agreement 
with other studies (Vrana et al., 2001; Al-Hejuje, 2014; 
Sander et al., 2002). 

From the presented results, we can conclude that the 
source of PAHs compounds in the studied plants is a mix 
of petrogenic and pyrogenic. 
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Abstract  

In order to evaluate the appropriate factors for producing better quality and quantity essential oils (EOs), we performed a 
comparative study between the yields and the chemical compositions of the EOs of four Thymus species, spontaneously 
growing in six different locations in northeastern Algeria. EOs hydrodistillation gave yields that ranged from 0.9% to 2.35%.  
The highest yield (2.35%) was obtained from Dekma's Thymus algeriensis oils. GC/MS analyses revealed the presence of 61 
compounds, representing 93.6 to 98.23% of the total EOs composition. The hierarchical cluster analysis allowed the six EOs 
populations to be grouped into two chemotypes: one with thymol and the other with α-pinene. The ANOVA test showed 
significant differences between the yields and chemical compositions of essential oils; the plant species factor had no 
significant effect on the variability of these two parameters. Therefore, the variability highlighted was related to the 
significant impact of abiotic factors. Altitude and soil type were the most influential factors in the secretion of EOs and the 
emergence of various chemical profiles. 

Keywords: Thymus, essential oils, yields, chemical compositions, abiotic factors

                                                 
* Corresponding author e-mail: nesrine.gherairia@univ-soukahras.dz. 

1. Introduction  

As the entire Algerian national territory, the flora of the 
Souk Ahras region enjoys tremendous biodiversity; it 
includes several aromatic and medicinal plants rich in 
secondary metabolites endowed with many therapeutic and 
pharmacological activities, including plants of the genus 
Thymus. 
Such plants are commonly referred to as "Zaitra" and 
include twelve national species, nine of which are endemic 
(Quezel and Santa, 1963). They are spread throughout 
most coastal and inland regions, and also in arid areas 
(Saidj, 2006). 

Some plants' essential oils (EOs) are ranked among the 
most bioactive and common oils in the world. This 
bioactivity is demonstrated by the unique excess of certain 
essences in phenolic compounds such as thymol and 
carvacrol (Cosentino et al., 1999; Trombetta et al., 2002; 
Amarti et al., 2011). Thymus EOs are characterized by a 
high degree of polymorphism and exceptional chemical 
heterogeneity which leads to several chemotypes being 
identified. This variability depends on several factors 
which are typically ecological, i.e. soil type, altitude, 

climatic conditions, adjacent plants populations (Baydar et 
al., 2004; Colombo et al., 2013), but can also be genetic 
and seasonal (Ložienė et al., 2007). 

In this context, we carried out a comparative study in 
this research between the EOs of four species of the genus 
Thymus (Thymus hirtus, Thymus capitatus, Thymus ciliatus 
and Thymus algeriensis), growing spontaneously in 
different areas for northeastern Algeria in order to check 
the possible impact of biotic (plant species) and abiotic 
(climate, soil, altitude) factors on the quantity and quality 
of these essential oils.  

2. Materials and Methods 

2.1. Plant collection and identification 

Aerial parts of spontaneous Thymus spp plants were 
collected from six different locations for Souk Ahras 
region (northeastern Algeria) during full flowering in June 
and July 2016. Clumps of adjacent young plants were 
chosen at each collection site to achieve a homogeneous 
sample of plants with the same morphology and 
development stage. The geographical coordinates of the 
sampling areas are available as supplemental material 
(Table S).  
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Table S. Geographical coordinates of study stations 

The harvested plants were identified by Professor 
Azzedine Chefrour, Faculty of Natural and Life Sciences, 
Department of Biology, Souk Ahras university, Souk 
Ahras, Algeria.  

2.2. Climatic and edaphic characterization of collection 
sites 

Climate data (average annual temperatures and rainfall) 
were taken from the website (Climate-data.org, (2019).  

The edaphic analyses were carried out at the level of 
the National Institute of Irrigation and Drainage Soils 
(INSID) of Oum El Bouaghi (Algeria). Soil samples were 
collected at the rhizosphere level (30 cm) of the thyme 
tussocks, which presents an essential interface between the 
plant and the soil. They are air-dried and then passed 
through a 2 mm mesh sieve (AFNOR, 1987). Soil texture 
was determined using the Robinson's pipette method. pH 
meter and conductivity meter were used to measure the pH 
and electrical conductivity of the soil, respectively. 
Organic matter was determined using the Walkley and 
Black method. Limestone was determined by a volumetric 
method using Bernard's Calcimeter. 

2.3. Essential oil isolation 

Clevenger-type apparatus was used to separate the EOs 
from 50 g of dry plant matter (leaves and flowers). The 
samples obtained were stored at 4°C in hermetically sealed 
brown glass vials until analysis. The yield obtained for the 
essential oil was expressed as a percentage (w/w). 

2.4. GC-MS characterization of EOs  

The GC-MS analyses were performed via a Hewlett-
Packard Agilent 6890 plus series GC system (Agilent 
Technologies) coupled with a quadrupole mass 
spectrometer (HP Agilent 5973), using an HP-5MS non-
polar fused-silica capillary column (30 m × 0.32 mm, 0.25 

μm film thicknesses). The oven temperature programme 
was initially held for 8 min at 60°C then increased by 
2°C/min until 250°C and held at 250°C for 10 min. Helium 
was used as the carrier gas with a flow rate of 0.5 ml/min. 
EO was injected with a volume of 0.2 μl in split mode 
1:80. Injector and detector transfer line temperatures were 
set at 250°C and 270 °C, respectively. The ion source 
temperature was set at 230°C. Ionization of the sample 
components was performed in the electron impact mode 
(70 eV) over a scan range of 30–550 m/z. The ion source 
temperature was set at 230°C. 

Essential oils compounds were identified by comparing 
of their mass spectra data with those stored from MS 
databank (NIST02.L and WILEY7n.L), and confirmed by 
comparing of their Kovat retention index (KI), determined 
referring to a standards series of n-alkanes (C5–C29) 
injected under the same conditions with those previously 
reported in the literature (Hazzit et al., 2009; Zouari et al., 
2012; Amiri et al., 2011; Benchabane, 2014; Helmi et al., 
2014; Bendif et al., 2016; Mahboubi et al., 2017 and 
Guesmi  et al.,  2019)  

2.5. Statistical study 

The data processing has been performed using the 
XLSTAT statistical software (Version: 2019.1.3, 
Addinsoft). One-way statistical analysis (ANOVA) was 
used to compare the averages obtained at the 5% 
significance level. Correlations between variations in 
yields and chemical compositions with exogenous factors 
were calculated using the Spearman coefficient.  A 
hierarchical ascending classification (HAC) was 
performed to determine the level of similarity between 
Thymus spp populations based on the percentages of seven 
major components. Principal Component Analysis (PCA) 
was conducted to study the variability in the chemical 
composition of EOs as a function of environmental factors. 

3. Results  

3.1. Yields of essential oils 

The yields of essential oils obtained by 
hydrodistillation of the aerial parts of six populations of 
Thymus spp collected from six different localities of Souk 
Ahras, as well as the environmental characteristics and the 
physico-chemical properties of the soils of the collection 
sites have been established in Table (1). 

Variance analysis (ANOVA) at the 5 % level of 
significance revealed the existence of a significant 
difference between the EO yields of six Thymus spp 
populations. EO yields varied between 0.9% and 2.35%. 
The highest yield was obtained from Dekma's Thymus 
algeriensis EO (TR1) and the lowest (0.9%) from Oued 
Driss’s Thymus ciliatus EO (TR6).   

Collection sites 

Geographical coordinates 

Latitude (N) Longitude (E) 
Altitude 
(m) 

Dekma 
36° 14’ 
43,8’’ 

007° 54’ 
26,5’’ 

695 

Sedrata 
36° 10’ 
33.7’’ 

007° 30’ 
11,9’’ 

1277 

Zouabi 
36° 05’ 
32.8’’ 

007° 26’ 
31,3’’ 

882 

Ain Seynour 
36° 18’ 
24,0’’ 

007° 50’ 
43,0’’ 

1151 

Boukabech 
36° 17’ 
08,3’’ 

008° 02’ 
36,5’’ 

772 

Ouled Driss 
36° 23’ 
24,3’’ 

008° 01’ 
52,6’’ 

1228 
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Table 1. Essential oils yields, environmental characteristics and soils physico-chemical properties of Thymus spp. collection sites. 

EC: Electrical conductivity (dS/m); OM: Organic matter (%); P: Mean annual precipitation (mm); T: Mean annual temperature (°C); *p-
value = 0.04 at a significance level of 0.05; nd: not detected; TR1: Thymus algeriensis Boiss. & Reut. of Dekma; TR2: Thymus capitatus (L.) 
Hoffmanns & Link of Sedrata; TR3: Thymus capitatus (L.) Hoffmanns & Link of Zouabi; TR4: Thymus hirtus willd subsp. algeriensis 
(Boiss. & Reut.) Of Ain Seynour; TR5: Thymus hirtus willd of Boukabech; TR6: Thymus ciliatus subsp. mumbyanus (Boiss. & Reut.) Batt. 
of Ouled Driss.

3.1.1. Variability of extraction yields between species  

Using multivariate analysis of variance (MANOVA), 
the effect of the species on the essential oil extraction 
yields of six Thymus spp populations was calculated by 
Wilks' test at a significance level of 5%. The plant species 
was chosen as an explanatory qualitative variable (Table 
2). 

Based on the Wilks test table, we note that Lambda 
value is associated with a p-value ( 0.095) higher than the 
risk-alpha threshold (0.05). Therefore, we cannot reject the 
null hypothesis (H0), and it is assumed that the qualitative 
variable (species) has no significant impact on the EO 
yield of the different species of the Thymus genus studied. 

Table 2. p-value of Wilks test (Rao approximation) 

Wilks test species 

Lambda 0.065 

F (Observed values) 9.646 

DDL1 3 

DDL2 2 

F (Critical value) 19.164 

p-value 0.095 

3.1.2.  Variability of extraction yields as a function of 
environmental factors 

The correlation between environmental factors and 
essential oil yield was calculated by the Spearman 
correlation coefficient (Fig. 1). A positive correlation was 
found between essential oil yield and pH (ρ=0.83), average 
annual temperatures and electrical conductivity of the soil 
(ρ=0.77) and with clay content (ρ= 0.66). A negative 
relationship was found with average annual rainfall (ρ= - 
0.83), organic matter and sand content (ρ= - 0.60) and with 
altitude (ρ= - 0.54). Therefore, it can be deduced that 
environmental factors could significantly affect the 
essential oil yields of Thymus spp. populations.

 

 
Figure 1. Correlation between the essential oil yield of Thymus spp populations and environmental factors.

Codes Collection sites 

Texture and soil characteristics Climate 

Yield  (%)* 
Altitude (m) 

Clay (%) 
Silt 
(%) CaCO3 (%) 

pH 
EC (dS/m) 

OM 
(%) P (mm) T (C°) 

TR1 Dekma 695 33.3 22.2 30.8 7.4 0.4 2.1 661 14.4 2.3 ± 0.8 

TR2 Sedrata 1277 34.3 0.6 nd 6.8 0.3 5.5 523 14.2 1.3 ± 0.2 

TR3 Zouabi 882 24 20 35.6 7.5 0.2 2.1 478 14.1 1.7 ± 0.2 

TR4 Ain Seynour 1151 7.4 2.1 nd 6.3 0.2 7.6 763 13.7 1.0 ± 0.2 

TR5 Boukabech 772 31.9 26.5 41.7 7.3 0.3 8.5 726 13.4 1.2 ± 0.6 

TR6 Ouled Driss 1228 20 4.0 nd 6.6 0.2 3.8 868 13.5 0.9 ± 0.2 
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3.2. Chemical composition of EOs  

Chemical analyses of EOs were carried out by GC/MS. 
The percentages, times, and retention indices of the 
identified EO compounds were listed in Table (3) in the 
order of their elution on the HP-5MS column. 
Chromatographic profiles of volatile fractions are available 
as supplemental materiel (Figure S). 

Chromatographic analyses of Thymus spp EOs have 
identified 61 compounds, representing 93.6 to 98.23% of 
the total EOs composition. These constituents were 
grouped into four chemical classes: hydrocarbon 

monoterpenes (24.6-60.6%), oxygenated monoterpenes 
(8.0-68.1%), hydrocarbon sesquiterpenes (1-15%) and 
oxygenated sesquiterpenes (0.6-9.4%). 

Analysis of variance showed that thirty-six out of sixty-
one compounds differed significantly among the six EOs 
Thymus spp populations including: α-Pinene (p<0.05), 
Camphene (p<0.001), β-Pinene (p<0.001), β-Myrcene 
(p<0.001), Limonene (p<0.05), Linalool (p<0.05), Thymol 
(p<0.05), (E)-Caryophyllene (p<0.05). Borneol (p<0.001), 
Caryophyllene oxide (p<0.05).  

 

Figure S. Chromatographic profile of volati le fractions of six Thymus spp population



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 2 

 

177

Table 3. Chemical composition of the volatile fractions of six samples of Thymus species 

 

N° Compound KI KIL  
Relative peak areas (%) 

Anova 
TR1 TR2 TR3 TR4 TR5 TR6 

1 Tricyclene 921 923H    0.01 0.01 0.02 0.01 0.01 0.31 ** 

2 α-Thujene 925 925H     0.6 0.65 0.55 0.71 0.87 1.45 * 

3 α-Pinene 932 935H     0.75 2.82 5.18 2.65 5.32 23.07 * 

4 Camphene 945 948H 0.27 0.13 0.12 0.11 0.14 6.45 ** 

5 Verbenene 951 953H - 0.03 0.08 0.03 0.01 0.25 * 

6 β-Pinene 974 976H 0.12 0.17 0.19 0.18 0.24 8.7 ** 

7 1-Octen-3-ol 978 982H 0.24 0.54 0.51 0.56 0.29 0.13 ns 

8 β-Myrcene 992 992Z 1.41 0.51 0.21 0.37 1.14 13.12 * 

9 n-Octan-3-ol 996 1001H 0.12 0.07 0.09 0.06 0.05 0.08 ns 

10 α-Phellandrene 1004 1005H 0.18 0.16 0.12 0.12 0.23 - ns 

11 α-Terpinene 1016 1017H 1.66 1.49 0.8 1.31 1.2 - ns 

12 p-Cymene 1027 1027Z 13.48 23.14 17.37 19.8 6.25 3.19 ns 

13 β-Phellandrene 1029 1030H 0.55 - - - - - ** 

14 Limonene 1030 1030Z - 0.85 1.09 0.72 1.24 3.56 * 

15 1,8-Cineole 1031 1033H - - - - 0.11 - ** 

16 (E)-β-Ocimene 1048 1048H 0.05 0 0.01 - 0.09 0.29 ns 

17 γ-Terpinene 1061 1061H 8.44 2.68 0.21 1.65 7.79 0.08 ns 

18 cis-Sabinene  hydrate 1066 1069H 0.02 0.04 0.19 0.37 0.17 - ns 

19 trans-Linalool  oxide 1071 1072H 0.01 0.08 0.12 0.08 - 0.06 ns 

20 α-terpinolene 1087 1089Z 0.18 0.23 0.19 0.19 0.1 0.13 ns 

21 Linalool 1101 1104H 0.94 3.53 3.36 2.41 2.21 3.43 * 

22 trans-Pinocarveol 1136 1036Z - 0.1 0.19 0.11 0.04 0.34 ns 

23 Camphor 1148 1044H 0.03 - - 0.01 0.2 0.78 ns 

24 Verbenol 1152 1146H - - 0.27 0.13 - - ns 

25 Borneol 1163 1164Z 0.81 0.21 0.2 0.17 0.17 0.4 ** 

26 Terpinen-4-ol 1176 1177Z 0.92 0.78 0.54 0.6 0.44 1.21 ns 

27 p-Cymen-8-ol 1184 1184Z - - 0.25 0.15 0.05 0.22 ns 

28 α –Terpineol 1189 1189Z 0.01 0.14 0.19 0.13 0.14 0.78 * 

29 Myrtenol 1203 1198H - 0.04 0.09 - - 0.37 * 

30 Dihyrdocarvone 1207 1203H - 0.13 0.11 0.06 0.06 0.16 * 

31 Thymol methyl  ether 1234 1235H 0.01 1.45 1.99 0.98 1.7 0.25 ns 

32 Thymoquinone 1258 1260H - - 0.14 0.05 - - ns 

33 Thymol 1306 1302Z 59.79 48.85 49.69 52.96 59.25 0.27 * 

34 Carvacrol 1311 1312Z 5.3 3.85 4.28 6.51 5.31 0.34 ns 

35 Carvacrol Acetate 1374 1372Z 0.22 - - - - - ** 

36 ß-Bourbonene 1383 1380H - 0.1 0.13 0.08 0.11 0.98 * 

37 ß-Elemene 1391 1393Z - - - - - 0.2 ** 

38 (E)-Caryophyllene 1418 1409B 0.92 1.28 1.33 1.15 0.91 8.42 * 

39 ß-Copaene 1427 1420B - 0.04 0.06 0.04 0.06 0.15 * 
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RT: retention times; IK: kovat index calculated against C9-C29 n-alkanes on the apolar HP-5MS column; IKL: literature kovat index; TR1: 
Thymus algeriensis Boiss. & Reut. of Dekma; TR2: Thymus capitatus of Sedrata; TR3: Thymus capitatus of Zouabi; TR4: Thymus hirtus ssp. 
algeriensis Boiss. & Reut. Of Ain Seynour; TR5: Thymus hirtus of Boukabech; TR6: Thymus ciliatus ssp. mumbyanus of Ouled Driss, -: not 
detected; H: (Hazzit et al., 2009); Z: (Zouari et al., 2012); A: (Amiri et al., 2011); Bc: (Benchabane, 2014); H: (Helmi et al., 2014); B: (Bendif 
et al., 2016); M: (Mahboubi et al., 2017); G: (Guesmi et al., 2019). The analysis of variance (ANOVA) is highly significant (**) at p < 0.001, 
significant (*) at p < 0.05 and non-significant (ns) at p > 0.05. 

3.2.1. Variability of chemical composition as a function of 
species  

To evaluate the effect of the species on the chemical 
composition of EOs of the Thymus spp populations 
studied, a hierarchical cluster analysis (HCA) was 
performed using Euclidean distances between major 
components of the Thymus EOs populations (Fig. 2).  

The general structure of the dendrogram shows a 
Euclidean distance greater than thirty-six (36) units, which 
demonstrates explicitly the existence of two groups, one at 
thymol majority comprised five populations (TR1, TR5, 
TR4, TR2, TR3), the other at α-pinene majority represented 
by the (TR6) population. Further, the Thymol group is 
broken down into two subgroups (dissimilarity < 10), one 

with Thymol/p-Cymene (TR2, TR3, TR4) and the other 
with Thymol/γ-Terpinene (TR1, TR5). 

 
Figure 2. Dendrograms of the major constituents of six EO 
populations of Thymus spp.

40 α-Humulene 1451 1450Z 0.05 0.05 0.08 0.06 0.05 0.52 * 

41 Allo-Aromadendrene 1458 1456H - 0.02 0.04 0.03 0.09 0.18 ns 

42 α-Amorphene 1475 1475C - 0.16 0.18 0.19 0.21 0.12 * 

43 Germacrene-D 1479 1477H - - - - - 1.33 ** 

44 Valencene 1493 1491A 0.01 0.07 0.11 0.12 0.15 0.2 ns 

45 ß-Bisabolene 1508 1505H - 0.35 0.7 0.16 0.52 0.96 ns 

46 γ-Cadinene 1512 1511Z - 0.11 0.16 0.16 0.21 0.1 ns 

47 δ-Cadinene 1522 1518Z 0.01 0.29 0.34 0.33 0.45 0.36 ns 

48 Elemol 1555 1546Z - - - - - 1.06 ** 

49 Thymohydroquinone 1560 1567M - 1.86 1.73 1.76 - - ns 

50 Nerolidol 1565 1563Bc - - - - - 0.14 ** 

51 Spathulenol 1575 1578Z 0.02 - - 0.04 0.02 0.35 * 

52 Caryophyllene oxide 1581 1583Z 0.72 0.57 1.24 0.56 0.43 3.8 * 

53 p-1-Menthene 1607 / - - - - - 0.19 ** 

54 δ-Selinene 1631 1590G - - 0.03 - - 0.75 * 

55 α-Caryophylladienol 1635 1628H - - - - - 0.25 ** 

56 Calarene 1641 / - - - - - 0.2 ** 

57 β-Caryophyllene epoxide 1643 / - - - - - 1.21 ** 

58 β-Eudesmol 1646 1644H - 0.05 0.1 0.03 0.06 1.52 * 

59 α-Cadinol 1650 1650H - - - 0.02 0.14 0.1 ns 

60 Germacrene A 1661 / - - - - - 0.17 ** 

61 (Z)-α-Bisabolene epoxide 1669 1680H - - 0.16 - - 0.98 * 

Number of identified compounds 32 40 46 45 43 52  

Identification rate (%) 97.85 97.63 94.74 97.92 98.23 93.66  

Hydrocarbon monoterpenes 27.7 32.9 26.1 27.9 24.6 60.6  

Oxygenated monoterpenes 67.8 59.6 61.4 65.5 68.1 8.0  

Hydrocarbon sesquiterpenes 1.0 2.5 3.2 2.4 2.8 15.0  

Oxygenated sesquiterpenes 0.7 0.6 1.5 0.6 0.7 9.41  

Other Compounds 0.4 2.1 2.6 1.6 2.1 0.1  
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3.2.2. Chemical variability of the composition of EOs as a 
function of environmental factors 

    The Spearmen's test showed the presence of 
significant correlations between the chemical composition 
of the Thymus spp populations' EOs and environmental 
factors (altitude and soil physico-chemical parameters) at 
5% significance level. 

a. Impact of altitude 

The PCA (Fig.3) carried out from the cumulative data 
of the four main classes of chemical components of EOs 
from six Thymus spp populations shows that hydrocarbon 
monoterpenes are positively correlated with altitude 
(0.771), while oxygenated monoterpenes are negatively 
correlated with this factor (-0.886). There was no 
correlation between altitude and the other two chemical 
classes sesquiterpenes (hydrocarbons and oxygenated 
sesquiterpenes).  

 
Figure 3. Arrangement of the EOs chemical families as a function 
of altitude 

b. Impact of soil nature 

Based on the PCA results (Fig. 4), we find that 
hydrocarbon monoterpenes versus oxygenated 
monoterpenes correlate positively with sand content and 
negatively with pH, electrical conductivity, and limestone 
and silt content. Hydrocarbon and oxygenated 
sesquiterpenes have no significant correlation with soil 
physico-chemical parameters.  

 
Figure 4. Arrangements of the EOs chemical families as a 
function of the soil samples' physico-chemical parameters. 

4. Discussion  

Based on the results of the statistical analyzes 
performed in this study, the species diversity factor had no 
significant impact on the variability of the yield and 
chemical composition between the EOs of six Thymus spp 
populations. Accordingly, the observed variations can be 
due to the influence of environmental factors. 

TR1 population corresponding to Dekma's Thymus 
algeriensis recoded the highest EO yield. Its collection site 
was relatively characterized by low elevation, low mean 
annual precipitation and maximum annual temperatures. 
The soil of this site was classified as silty-clay, non-saline, 
calcareous, neutral with an alkaline tendency and not 
humus-bearing.  Similar experiments on the impact of 
environmental factors on the rate of extraction of aromatic 
plant EOs affirm the negative relationship between altitude 
and extraction yield (Baydar et al., 2004; Avci, 2010; El-
Jalel et al., 2018). 

Hierarchical cluster analysis (Fig. 2) revealed that our 
EO samples are divided into two chemotypes: one at 
Thymol and the other at α-Pinene, and this distribution is 
independent of the plant species. The Thymol chemotype 
found in the five Thymus spp populations belonging to 
three different species (Thymus algeriensis, Thymus 
capitatus and Thymus hirtus) confirms the increase of this 
phenol in Thymus genus plants. Our findings are similar to 
those already reported by Giordani et al., (2008) for the 
essences of Thymus numidicus from Khedara (Souk ahras) 
and Berrahal (Annaba) and Thymus ciliatis from Jebel 
Ansel (Guelma)-Algeria region which noted that thymol 
was the main component of these plants. Guedri Mkaddem 
and collaborators (2010) also confirmed that thymol was 
the key constituent of the Matamata region's Thymus 
capitatus, constituting 89.0% of the essential oil. Thymol 
with a 44.2% similarly characterized the EO of Thymus 
ciliatus from the Azrou-Maroc region (Amarti et al., 
2010). The -Pinene chemotype found in the TR6 
population would correspond to Thymus ciliatus subsp. 
munbyanus from the Ouled Driss region, is different from 
that found in most previous work on EOs of the same 
species. Carvacrol was the main constituent of Thymus 
ciliatus from eight localities in Tlemcen-Algeria 
(Bousmaha-Marroki et al., 2007), Thymus munbyanus 
from Azzazga-Algeria (Benchabane et al., 2012) and 
Thymus munbyanus from the Hennaia-Tlemcen-Algeria 
region (Tefiani et al., 2015). The key constituent of 
Thymus ciliatus EOs from area of Jebel Ansel (Giordani 
et al., 2008) and that Moroccan Thymus ciliatus (Amarti et 
al., 2011) was Thymol, whereas chemotype -Pinene 
characterized the EOs of Thymus algeriensis from the 
Khedara and Fatoum Souda regions of Algeria (Giordani 
et al., 2008) and of Thymus algeriensis from different 
regions of Tunisia (Zouari et al., 2012). 

The high chemical diversity observed between various 
Thymus populations studied has been noted by several 
authors, including Ben El Hadj Ali et al., (2012) and 
Zouari et al., (2012), who attributed the high chemical 
polymorphism discovered in Thymus algeriensis Tunisian 
populations to the influence of geographical location. 

The PCA results showed the presence of significant 
correlations between the chemical composition of the 
Thymus spp populations' EOs and abiotic factors (altitude 
and soil physico-chemical parameters). The altitude factor 
has an important impact on the biosynthesis of terpenoids, 
the anabolism of hydrocarbon monoterpenes is favoured at 
high altitude a, while that of oxygenated monoterpenes is 
favoured at low altitude. These findings are in line with 
those reported by Sanli and Karadogan (2017) who assert 
the impact of altitude on the terpenoid biosynthesis of EOs 
terpenoids from Kundmannia anatolica Hub. -Mor. fruits 
spontaneously growing at different altitudes in the lake 
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region (Turkey).  El-Jalel et al., (2018), showed that the 
altitudinal variance may clarify the heterogeneity in the 
composition of the Thymus capitatus EOs from Libya. The 
soil type seems to have a major effect on the chemical 
composition of Thymus EOs by promoting compound 
biosynthesis and inhibiting others. Ben El Hadj Ali et al., 
(2012) suggested that local abiotic factors (humidity, 
temperature, topography and edaphic factors) and/or biotic 
selection factors (associated fauna and flora) acting on the 
biosynthesis pathways of terpene compounds and leading 
to the emergence of different chemical profiles may be 
explanatory factors. 

5. Conclusion 

As a result of this research, it was found that the 
species diversity factor had no significant effect on the 
extraction rate and chemical composition variability of 
Thymus spp Eos; therefore, the variability highlighted was 
due to the impact of abiotic factors. Altitude and soil 
physico-chemical characteristics were the most prominent 
factors affecting terpene compounds biosynthesis 
pathways and contributing to the emergence of various 
chemical profiles. Through this approach, we can carefully 
select thyme collection areas with the appropriate 
ecological conditions allowing these plants to produce EOs 
of better quality and quantity. 

Acknowledgements  

The authors gratefully thank Mr. Redouane Chebout, 
Chairman of the CRAPC Research Center's Board of 
Directors, for his assistance in performing EO's GC / MS 
studies. 

References  

Amarti F, Satrani B, Ghanmi M and Aafi A. 2010. Composition 
chimique et activité antimicrobienne des huiles essentielles de 
Thymus Algeriensis Boiss. & Reut. et Thymus ciliatus (Desf.) 
Benth. du Maroc. Biotechnol. agron. soc. Environ, 14(1) : 141-
148.  

Amarti F, Satrani B, Ghanmi M, Aafi A, Farah A, Aarab L, El 
Ajjouri M, Guedira A and Chaouch A. 2011. Activité 
antioxydante et composition chimique des huiles essentielles de 
quatre espèces de thym du Maroc. Acta Bot. Gall, 158(4): 513-
523. 
Amiri H, Yazdi H L, Dehshiri M, Eghbali D, Mohammadi A, & 
Zarei A. 2011. Essential oils composition and antioxidant 
properties of three Thymus species. Planta Med, 77(12), PE3.  

Association française de normalisation (AFNOR).1987. Qualité 
des sols. Méthodes d’analyses. Recueil des normes françaises. 
AFNOR, Paris,135p. 

Avci A B. 2010. Chemical Variation on the Essential Oil of 
Thymus praecox ssp. scorpilii var. laniger. Int J Agric Biol, 13(4): 
607-610.  

Baydar H, Sağdiç O, Özkan G and Karadoğan T. 2004. 
Antibacterial activity and composition of essential oils from 
Origanum, Thymbra and Satureja species with commercial 
importance in Turkey. Food Control, 15(3): 169‑172.  

Ben El Hadj Ali I, Guetat A and Boussaid M. 2012. Chemical and 
genetic variability of Thymus algeriensis Boiss. Et Reut. 
(Lamiaceae), a North African endemic species. Ind. Crops. Prod. 
40: 277‑284.  

Benchabane O, Hazzit M, Baaliouamer A and Mouhouche F. 
2012. Analysis and Antioxidant Activity of the Essential Oils of 
Ferula vesceritensis Coss. Et Dur. And Thymus munbyanus Desf. 
J. Essent. Oil-Bear. Plants, 15(5): 774‑781.  

Benchabane O. 2014, Chemical composition and insecticidal 
activities of essential oils of two Algerian endemic plants: Ferula 
vesceritensis Coss. et Dur. and Thymus pallescens de Noe. Int 
J Agric Sci Res, 4(6): 185–191.  

Bendif H, Adouni K, Miara M D, Baranauskienė R, Kraujalis P, 
Venskutonis P R, Nabavi S M, & Maggi F. 2018. Essential oils 
(EOs), pressurized liquid extracts (PLE) and carbon dioxide 
supercritical fluid extracts (SFE-CO2) from Algerian Thymus 
munbyanus as valuable sources of antioxidants to be used on an 
industrial level. Food Chem, 260: 289‑298.  

Bousmaha-Marroki L, Atik-Bekkara F, Tomi F and Casanova 
J.2007. Chemical Composition and Antibacterial Activity of the 
Essential Oil of Thymus ciliatus (Desf.) Benth. ssp. Eu-ciliatus 
Maire from Algeria. J. Essent. Oil Res, 19(5): 490‑493.  

Chemat S, Cherfouh R, Meklati B Y & Belanteur K. 2012. 
Composition and microbial activity of thyme (Thymus algeriensis 
genuinus) essential oil.  J. Essent. Oil Res, 24(1): 5–11.  

Colombo R P, Martínez A E, di Pardo A F, Bidondo L F, Van 
Baren C, Lira P L and Godeas A M. 2013. Differential 
effects of two strains of Rhizophagus 
intraradices on dry biomass and essential 
oil yield and composition in Calamintha 
nepeta. Rev. Argent. Microbiol, 45(2):114-118.   
Cosentino S, Tuberoso C I, Pisano B, Satta M, Mascia V, Arzedi 
E and Palmas F. 1999.  In-vitro antimicrobial activity and 
chemical composition of Sardinian Thymus essential oils. Lett 
Appl Microbiol, 29(2): 130‑135.    

El-Jalel L F A, Elkady W M, Gonaid M H and El-Gareeb K A. 
2018. Difference in chemical composition and antimicrobial 
activity of Thymus capitatus L. essential oil at different altitudes. 
Future J. Pharm. Sci, 4(2):156‑160.  

Giordani, R., Hadef, Y., Kaloustian, J., (2008). Compositions and 
antifungal activities of essential oils of some Algerian aromatic 
plants. Fitoterapia, 79(3): 199‑203.  

Guedri Mkaddem M, Romdhane M, Ibrahim H, Ennajar M, 
Lebrihi A, Mathieu F and Bouajila J. 2010. Essential Oil of 
Thymus capitatus Hoff. et Link. from Matmata, Tunisia: Gas 
Chromatography-Mass Spectrometry Analysis and Antimicrobial 
and Antioxidant Activities. J. of Med. Food, 13(6): 1500‑1504.  

Guesmi F, Saidi I, Bouzenna H, Hfaiedh N, & Landoulsi A. 2019. 
Phytocompound variability, antioxidant and antibacterial 
activities, anatomical features of glandular and aglandular hairs of 
Thymus hirtus Willd. Ssp. algeriensis Boiss. and Reut. over 
developmental stages. South African Journal of Botany, 127: 234–
243. 

Hazzit M, Baaliouamer A, Veríssimo A R, Faleiro M L, & Miguel 
M G. 2009. Chemical composition and biological activities of 
Algerian Thymus oils. Food Chem, 116: 714–721.  

Helmi Z, Al Azzam K M, Tsymbalista Y, Ghazleh R A, Shaibah 
H, & Aboul-Enein H. 2014. Analysis of Essential Oil in Jerusalem 
Artichoke (Helianthus tuberosus L.) Leaves and Tubers by Gas 
Chromatography-Mass Spectrometry. Adv Pharm Bull, 4(Suppl 
2): 521–526.  

Ložienė K, Venskutonis P R, Šipailienė A, and Labokas J. 2007, 
Radical scavenging and antibacterial properties of the extracts 
from different Thymus pulegioides L. chemotypes. Food Chem, 
103(2): 546-559.  

Mahboubi M, Heidarytabar R, Mahdizadeh E, & Hosseini H. 
2017. Antimicrobial activity and chemical composition of Thymus 
species and Zataria multiflora essential oils. Agric. Nat. Resour, 
51(5): 395–401. 



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 2 

 

181

Quezel P and Santa S. 1963. Nouvelle flore de l’Algérie et des 
régions désertiques méridionales. Tome I, C.N.R.S, Paris, 558 
p. 

Russo M, Suraci F, Postorino S, Serra D, Roccotelli A and 
Agosteo G E. 2013. Essential oil chemical composition and 
antifungal effects on Sclerotium cepivorum of Thymus capitatus 
wild populations from Calabria, southern Italy. Rev. Bras. 
Farmacogn, 23(2): 239-248.  

Saidj F.2006. Extraction de l’huile essentielle de thym : Thymus 
numidicus kabylica. Thése de magistère en Technologie des 
hydrocarbures, Département génie des procédés chimiques et 
pharmaceutiques, Université M’Hamed Bougara-Boumerdes, 
Algérie.  

Sanli A and Karadoğan T. 2017. Geographical Impact On 
Essential Oil Composition Of Endemic Kundmannia Anatolica 

Hub.-Mor. (Apiaceae).  J. Tradit. Complement. Med, 14(1): 
131-137.  

Tefiani C, Riazi A, Youcefi F, Aazza S, Gago C, Faleiro M L, 
Pedro L G, Barroso J G, Figueiredo A C, Megías C, Cortés-
Giraldo I, Vioque J and Miguel M G. 2015. Ammoides pusilla 
(Apiaceae) and Thymus munbyanus (Lamiaceae) from Algeria 
essential oils: Chemical composition, antimicrobial, antioxidant 
and antiproliferative activities. J. Essent. Oil Res, 27(2): 131-139.  

Trombetta D, Saija A, Bisignano G, Arena S, Caruso S, Mazzanti 
G, Uccella N and Castelli F. 2002. Study on the mechanisms of 
the antibacterial action of some plant α, β-unsaturated aldehydes. 
Lett Appl Microbio, 35(4): 285-290.  

Zouari N, Ayadi I, Fakhfakh N, Rebai A and Zouari S. 2012. 
Variation of chemical composition of essential oils in wild 
populations of Thymus algeriensis Boiss. et Reut., a North African 
endemic species. Lipids in Health and Disease, 11:28.  

 

 
 

 





JJBS  
Volume 15, Number 2,June  2022

ISSN 1995-6673
Pages  183 – 191 

https://doi.org/10.54319/jjbs/150204  
Jordan Journal of Biological Sciences                                                                                                                                                  

 

Enhanced Production of Organosulfur Bioactive Compounds in 
Cell Suspension Culture of Single Garlic (Allium sativum L.) 

Using Precursor Feeding 

Frida K Setiowati1,3,* , Wahyu Widoretno1, Sasangka Prasetyawan2 and Betty Lukiati3 

 
1Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Brawijaya, Malang 65145, East Java, Indonesia, 

2Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Brawijaya, Malang 65145, East Java, Indonesia, 
3Department of Biology, Faculty  of Mathematics and Natural Sciences, Universitas Negeri Malang, Malang 65145, East Java, Indonesia 

Received: December 29, 2020; Revised: April 20, 2021; Accepted: June 5, 2021 

Abstract 

Precursor feeding in cell suspension culture is one of the effective strategies used to induce plant bioactive compounds. The 
effect of feeding different glutathione precursors on cell suspension growth and organosulfur production in cell suspension 
of single garlic (Allium sativum L.) was investigated. The establishment of suspension culture was carried out by transferring 
callus to liquid MS media supplemented with 0.3 mg/L 2.4 D and 0.5 mg/L kinetin. The addition of glutathione precursor up 
to 15 mM on the culture media increased the cell suspension biomass and the accumulation of organosulfur compounds. The 
highest fresh weight (2.691 ± 0.006g), dry weight (1.738 ± 0.007g), settled cell volume (15% ± 0.0), and growth index (1.69 
± 0.006) were obtained from a media with 10 mM glutathione addition. HPLC analysis revealed 30 types of organosulfur 
compounds in the cell suspension culture of single garlic. The highest 12 essential organosulfur bioactive compound was 
detected from the media augmented by 12.5 mM glutathione (3 to 4 fold than the control). The docking molecular 
visualization results toward the ligands acting as a substrate with the targeted protein in the alliin biosynthesis through 
glutathione pathway showed interactions in the ligand-protein complex. Feeding glutathione is an effective means to 
increase the production of organosulfur bioactive compounds in single garlic cell suspension.  

Keywords: Cell suspension, Precursor feeding, Organosulfur compound, Single garlic  
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1. Introduction 

Single garlic (Allium sativum L) is garlic with only one 
clove in each bulb. Compared to the garlic with many 
cloves, single garlic is frequently used to solve different 
health issues due to its robust therapeutic properties 
(Bharat, 2014; Subramanian et al., 2020). Its unique smell 
and organosulfur compound content have carried various 
biological functions of garlic, such as being antioxidant 
(Sankaran et al., 2010; Rahman, 2012; Jang et al., 2017), 
antimicrobial (Nakamoto et al., 2020), anti-inflammatory 
(Tavakoli-Far et al., 2021) and immmunity within 
COVID-19 infection (Donma and Donma, 2020). Besides, 
it can also inhibit diabetes (Habtemariam, 2019), 
atherosclerosis (Lindstedt et al., 2021), hypertension 
(Ugwu and Suru, 2016; Saljoughian et al., 2017), and 
cancer (Pourzand et al., 2016; Zhang et al., 2020).  

The essential organosulfur compounds within garlic 
include alliin, allicin, allyl sulfide group, sulfide, vinyl 
dithiin, ajoene (Ramirez, 2017). Alliin is the parent in the 
forming of other groups of organosulfur compounds. Alliin 
is produced through the reaction between glutathione and 
allyl sources. The biosynthesis of the organosulfur 
compounds begins with the conjugation among glutathione 

and methacrylyl-CoA, resulting in S-(2-carboxypropyl) 
glutathione, an intermediate compound in the formation of 
alliin. After that, the glycyl group is eliminated from S-(2- 
carboxypropyl)glutathione, become S-(2-carboxypropyl) 
cysteine; meanwhile, the S-2-carboxypropyl group is 
transformed into S-2-propenyl group through an oxidative 
decarboxylation become γ-glutamyl-S-2-propenylcysteine 
(γ-glutamyl-S-allyl cysteine). The γ-glutamyl-S-
allylcysteine experiences γ-glutamyl group omission, 
become S-allylcysteine. Oxygenation toward S-
allylcysteine results in S-allyl cysteine sulfoxide or alliin 
(Yoshimoto et al., 2019). Hydrolysis of alliin by the 
alliinase enzyme will produce an intermediate compound 
of allyl sulfenic acid which then undergoes condensation 
to produce allicin (Borlinghaus, 2014). Allicin is an 
unstable compound and can quickly be degraded into allyl 
disulfide, ajoene, dithiin, and other sulfur compounds 
(Gruhlke, 2010). 

In the pharmaceutical field, the plant cell and tissue 
culture can be an alternative source to attain bioactive 
compounds (Murthy, 2014; Espinosa-Leal et al., 2018). 
One of the effective means and strategies to increase 
bioactive compound production is through the plant tissue 
culture with the precursor feeding (Gaosheng and 
Jingming, 2012; Isah et al., 2018; Guerriero et al., 2018). 
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The precursor is an exogenous or endogenous compound 
converted by the plant cells into secondary metabolites 
through biosynthetic pathways. The addition of precursor 
can be carried out based on the inclusion of intermediate 
compounds in the biosynthesis pathway of the bioactive 
molecule during the culture period as an additional 
substrate to enhance the production of the bioactive 
compounds within the cell culture (Isah et al., 2018; Singh 
and Sharma, 2020). Most of the intermediary substances 
can be selected as the precursor. The upstream precursor is 
transformed into a downstream compound using the 
specific enzyme catalysis. The precursor concentration 
determines the reaction speed; a high concentration 
frequently results in a more significant reaction pace than a 
lower concentration (Gaosheng and Jingming, 2012).  

A number of studies discovered that the use of 
precursor expand the bioactive compounds on some plants, 
such as 200 mg/L concentration of tryptophan improves 
the alkaloid production on the callus culture of god's 
crown (Phaleria macrocarpa [Scheff.]Boerl.) (Gusni et 
al., 2015), 150 mg/L concentration of tryptophan increases 
the thymol and proline production, while its 150 mg/L 
concentration multiply the coumarin production on callus 
culture of Verbascum thapsus L (Al- Jibouri et al., 2016). 
Simultaneously, 100 μM L-phenylalanine concentration 
increases the scopoletin production on the cell culture of 
Spilanthes acmella Murr (Abyari et al., 2016). This study 
aims to investigate the growth of cell suspension and 
production of organosulfur bioactive compound with the 
addition of various concentrations of glutathione, as a 
precursor, in the suspension culture of single garlic (Allium 
sativum L.). 

This study aims to analyze the growth of cell biomass 
and the production of bioactive organosulfur compounds 

in cell suspension cultures of single garlic (Allium sativum 
L.) with the addition of glutathione as a precursor feeding 
at different concentrations. The results of this study were 
expected to obtain alternative methods to increase the 
production of organosulfur bioactive compounds in single 
garlic, which can help the availability of organosulfur 
bioactive compounds that have important benefits in the 
health field. 

2. Materials and Methods 

2.1. Establishment of cell suspension culture 

The callus was induced from crown explant of single 
garlic variety Tawangmangu Baru, obtained from 
Magelang, Central Java. The explant was cultured on solid 
MS media with the addition of 0.3 mg/L 2.4-D and 0.5 
mg/L kinetin. The cell suspension was initiated by 
inoculating 1 g of friable callus in 25 ml of liquid MS 
media, with the same growth regulator as callus induction 
media. The cell suspension was incubated at 25°C under 
continuous fluorescent white light (approx. 13.5 
µmol/m2.s) and agitated on a shaker at 100 rpm. It was 
routinely subcultured every two weeks by transferring 1 g 
of cell mass from the previous culture into 25 mL new 
liquid MS medium. The cell biomass was weighted using 
the SCV method every three days for three weeks to obtain 
the optimum growth rate. The optimum growth rate is 
considered to be a medium from which maximum cell 
mass and organosulfur compound production was obtained 
within the single garlic cell culture. The initiation and 
establishment of single garlic cell suspension cultures were 
presented in Figure 1. 

 

 
Figure. 1 Initiation and establishment of single garlic cell suspension: (A) Single garlic crown explant (B) Inoculation of explant in the MS 
media (C) Single garlic callus (D) Single garlic cell suspension.

2.2. Feeding of glutathione precursor to cell suspension 
culture 

In the precursor feeding, glutathione with variations of 0, 
5, 7.5, 10, 12.5, 15 mM was added to the suspension 
culture media. The liquid MS media with no glutathione 
addition was used as a control. The cell suspension was 
harvested and analyzed after two weeks to attain cell 
suspension kinetics growth and accumulation of 
organosulfur bioactive compound. The effect of precursor 
feeding on the cell suspension culture was evaluated based 
on the culture growth and the production of organosulfur 
compounds. Evaluation of cell suspension growth was 
carried out on the growth parameters, including the fresh 
weight, the dry weight, settled cell volume, and growth 
index. Measurement of fresh weight was carried out by 
weighing the cells that have been previously settled, while 
the dry weight was done by weighing the cells that have 

been previously dried in an oven (50°C, 12 h). 
Measurement of settled cell volume was done by pouring 
the cell suspension into a measuring glass and leaving it 
for 1 hour until all cells were settled. The volume fraction 
of cells precipitated was expressed as settled cell volume. 
The growth index is calculated based on the difference 
between the final weight and the initial weight divided by 
the initial weight of the cell (Loyola-Vargas and Ochoa-
Alejo, 2012).  

2.3. Analysis of organosulfur content  

The analysis of the organosulfur compound on the cell 
suspension was carried out using the HLPC method. 
Extraction of the single garlic cell suspension was carried 
out with a slight modification of the method 
described by Al-Jibouri et al. (2016). A 100 mg of 
cells were taken and crushed using pestle and mortar. The 
crushed cells were extracted with 95% 
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methanol. The solution was stirred until 
homogenized and incubated overnight at cold 
temperature. The collected extracts were 
centrifuged and filtered out using Whatman No.1. The 
aliquots from the filtrate were filtered again using 0.22 µm 
syringe filters. Organosulfur content in the extract was 
estimated by high-performance liquid chromatography 
(HPLC). The instrument used was HPLC Shimadzu with 
Shim-pack VP ODS (5 µm 150 x 4,6 mm) column type as 
the stationary phase. A detector type SPD 20-A UV-Vis 
with 210 nm wavelength was used. The mobile step used 
was 10 mM Potassium dihydrogen phosphate: Acetonitrile 
(1:1)(v/v), isocratically, with a flow speed of 1mL/minute. 

2.4. Statistical Analysis  

The experiment was analyzed using one-way ANOVA. 
The average score was compared using Duncan's Multiple 
Range Test, at a 5% significance level (p < 0.05), using 
SPSS software version 25. 

2.5. Molecular docking in the biosynthesis of 
organosulfur compounds 

The ligand preparation was completed by examining 
the compound activities using Pass Server 
(http://www.pharmaexpert.ru/passonline/) database. The 
potential effect of a compound on the targeted protein as 
its interaction partner was analyzed and predicted using the 
STITCH (http://stitch.embl.de) database. The ligand's 
three-dimension structure collection was obtained from 
PubChem (https://pubchem.ncbi.nlm.nih.gov/) database. 
The protein preparation was carried out using the protein 
with a role in the alliin biosynthesis path. It was analyzed 
and predicted using the Plant Metabolic Pathway 
(https://plantcyc.org/) and STITCH (http://stitch.embl.de) 
database to discover its interaction with other compounds. 
The three-dimension structure collection for the targeted 
protein was completed by modelling it into the SWISS-
MODEL Repository database 
(https://swissmodel.expasy.org/). After that, molecular 
docking was completed using PyRx 0.8 software to gain 
the best binding affinity. The compound with the lowest 
binding affinity was saved in the PDB format. The 
interaction of that compound was visualized in three 
dimensions using PyMol software. The two-dimension 
scheme and type of receptor interaction with formulated 
ligand were visualized using Discovery Studio software.  

3. Results 

3.1. The effects of glutathione precursor feeding on cell 
suspension growth  

The addition of glutathione as a precursor in the culture 
medium showed a significant effect on the suspension 
culture growth of single garlic. As compared to control, 
the addition of glutathione with a 5 to 15 mM 
concentration range can enhance the fresh weight, dry 
weight, settled cell volume, and growth index. The fresh 
weight, dry weight, settled cell volume, and growth index 
increased from 5 mM to 10 mM and subsequently 
decreased at 12.5 mM and 15 mM glutathione 
concentration, as presented in Figure 2.   

 

 
Figure 2. The effect of glutathione precursor feeding 
in cell suspension culture of single garlic: (A) Fresh 
weight and growth index (B) Settled cell volume and 
dry weight. The different letters show significant 
differences in the Duncan’s Multiple Range Test 
(p<0.05) on each parameter. 

The cell mass, including fresh weight, dry weight, and 
settled cell volume without the addition of glutathione to 
the culture medium, were 1.562 ± 0.006 g, 0.608 ± 0.007 
g, 8.7 ± 0.0 %, respectively. The highest cell suspension 
growth was produced at the addition of 10 mM glutathione 
for all growth parameters, of about 2.691 ± 0.006 g on 
fresh weight, 1.738 ± 0.007 g on dry weight, and 15 ± 0.0 
% on settled cell volume. The growth index represents the 
same increases and decreases in the cell fresh weight at 
each glutathione concentration added to the culture 
medium. The maximum growth index (1.692 ± 0.006) was 
achieved at the addition of 10 mM glutathione, which 
showed the occurrence of faster growth compared to 
control (0.562 ± 0.006). 

3.2. The effects of glutathione precursor feeding on 
organosulfur production  

The HPLC chromatogram analysis demonstrated that 
the single garlic cell suspensions, with or without 
precursor, identified 30 types of organosulfur compounds. 
The different peak area of each compound represents the 
organosulfur bioactive compound level difference in each 
glutathione concentration. From those 30 compound types, 
12 essential organosulfur compounds for human health, 
namely alliin, allicin, ajoene, dithiin groups (2-vinyl 1,3-
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dithiin; 3-vinyl 1,2-dithiin) and allyl sulfide group (2 
propenyls 1 propenyl disulfide; 1 propenyl allyl disulfide; 
allyl methyl disulfide; allyl propyl disulfide; allyl 
trisulfide; allyl methyl trisulfide; diallyl heptasulfide) 
(Figure 3). However, among those 12 compounds, alliin, 
allicin, and ajoene are responsible for the characteristic 
taste and odor of single garlic. 

The addition of glutathione on the culture media 
significantly affected the increase of 12 organosulfur 
bioactive compound levels. The organosulfur bioactive 
compound level improves from the 5 mM to 15 mM 
glutathione addition. Meanwhile, the highest level was 
detected at 12.5 mM precursor addition (Figure 4). In the 
suspension culture, alliin, allicin, and ajoene levels were 
found to have more considerable than the other 
organosulfur compounds. These three compounds 
experience a significant increase in cell suspension due to 
the provision of the glutathione precursor. Their higher 
increase was detected at 12.5 mM precursor concentration. 
Additionally, on the control, the alliin, allicin, and ajoene 
compounds were 9.88, 4.81, and 3.70 mg/g, respectively. 

The compounds level increased three times higher (30.90, 
13.90, and 11.64 mg/g, respectively) at the 12.5 mM 
precursor concentration. The same pattern of increase in 
levels was also showed in other organosulfur compounds, 
such as 2-propenyl 1-propenyl disulfide, allyl propyl 
disulfide, allyl methyl disulfide, 2-vinyl 1,3-dithiin, 3-
vinyl 1,2-dithiin, E1-propenyl allyl disulfide, allyl methyl 
trisulfide, allyl trisulfide, and diallyl heptasulfide. The 
compounds level of allyl propyl disulfide, allyl methyl 
trisulfide, allyl trisulfide, and diallyl heptasulfide before 
treatment were 0.98, 0.99, 0.78, and 1.35 mg/g 
respectively, and increased three times higher after the 
administration of glutathione (2.93, 2.94, 2.36, and 3.52 
mg/g, respectively). Meanwhile, the compounds level of 2-
propenyl 1-propenyl disulfide, allyl methyl disulfide, 2-
vinyl-1,3-dithiin, 3-vinyl-1,2-dithiin, and E1-propenyl allyl 
disulfide before treatment were 0.36, 0.83, 0.42, 0.46, 0.58 
mg/g respectively, and also increased four times higher 
after the administration of glutathione (1.47, 3.68, 1.62, 
1.90, and 2.35 mg/g, respectively). 
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Peak number  1 =  1,2-Epithiopropane 16 = 2-Propenyl 1-propenyl disulfide 
 2 =  Allyl mercaptan 17 = Allyl propyl disulfide 
 3 =  Dimethyl disupfide 18 = Allyl methyl trisulfide 
 4 =  2,5-Dimethylthiophene 19 = Deoxyalliin 
 5 =  3-Methyl 2-cyclopentene 1 thione 20 = Allyl 2-propenethiosulfinate 
 6 =  Isobutyl isothiocyanate 21 = Trans 1-propenyl allyl thiosulfinate 
 7 =  2,5-Dimethyltetrahydrothiophene 22 = 1-propenyl allyl thiosulfinate 
 8 =  Propyl disulfide 23 = 2-propene 1-sulfinothioic acid 1-propenyl ester 
 9 =  1,3-Dithiane 24 = Allicin 
 10 =  Allyl methyl disulfide 25 = Alliin 
 11 =  2,3,4-Trithiapentane 26 = Cycloalliin 
 12 =  1,2-Dimercaptocyclopentane 27 = Allyl trisulfide 
 13 =  2-Vinyl 1,3-dithiin 28 =3,5-Diethyl 1,2,4-trithiolane 
 14 =  3-Vinyl 1,2-dithiin 29 = Ajoene 
 15 =  E1-Propenyl allyl disulfide 30 = Diallyl heptasulfide 

 
Figure 3. Chromatogram of organosulfur bioactive compounds in cell suspension of single garlic with 
differences in glutathione concentration (A) 0mM. (B) 5mM. (C) 7.5mM. (D) 10mM. (E) 12.5mM (F) 15mM. 
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Figure 4. Differences in concentration of glutathione on organosulfur bioactive compounds content in single 
garlic suspension culture 

3.3. The molecular docking visualization in the 
biosynthesis of organosulfur compounds  

As a precursor, glutathione role that improves the 
organosulfur bioactive compound on the suspension 
culture can be predicted from the molecular docking 
between the ligands and enzymes that catalyze the reaction 
as a targetted protein. The biosynthetic pathways that are 
possible in the biosynthesis of alliin (as the parental of 
other organosulfur compounds) from the glutathione 
include some reaction stages, namely conjugation 
glutathione, the glycyl group removal, the S-alk(en)yl 
group modification, -glutamyl group removal, and S-
oxygenation catalyzed by a specific enzyme. Glutathione 
transferase U24 (GSTU24) is predicted to catalyze 
glutathione conjugation and methacrylic acid into S-2 
carboxypropyl glutathione. The release of glycyl group on 
S-2 carboxypropyl glutathione into -glutamyl-S-
allylcysteine is presumed to be catalyzed by glutathione--
glutamylcysteinyltransferase (AT5G44070). 
Simultaneously, the discharge of the glutamyl group on -
glutamyl-S-allylcysteine is possibly catalyzed by -
glutamyltranspeptidase (AsGGT1). AsFMO1, which is a 

coding gene of garlic, is forecasted to catalyze S-
allylcysteine, generating alliin. Besides, alliin conversion 
to be allyl sulfonate and amino acrylate is predicted to be 
catalyzed by alliin lyase. 

The presence of glutathione precursors interaction as a 
ligand, GSTU24 as the targeted protein, through in silico 
method, is illustrated by the complex formulated those two 
(Figure 5). The molecular docking results reveal that 
interaction that formulates the complex among glutathione, 
and GSTU24 is observed in the initial reaction. The 
interaction can be seen from the bonds glutathione on the 
active side of GSTU24. That interaction emerges because 
of the hydrogen bond and van der Waals on the amino acid 
residues that bind the glutathione on the active bond side 
(Figure 5A). The docking results on the different reactions 
also indicate interactions with the formation of the 
complex between ligand and the targetted protein, such as 
between methacrylic acid-GSTU24, S-2 carboxypropyl 
glutathione-AT5G4407, -glutamyl S allylcysteine-
AsGGT1, S-allylcysteine-AsFMO1, and alliin-alliin lyase1 
(Figure. 5B-F).  
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Figure. 5 Formed complex between ligand (red) - receptor (grey) and the bound appears in the interactions between ligand-receptor (the 
yellow circle): (A) Complex of glutathione and GSTU24  (B) Complex of methacrylic acid with GSTU24 (C) Complex of S-2 
carboxypropyl glutathione  and AT5G4407  (D) Complex of -glutamyl S-allylcysteine and AsGGT1  (E) Complex of S-allylcysteine and 
AsFMO1  (F) Complex of alliin with alliin lyase1. 

4. Discussion 

Feeding precursor in cell suspension cultures increased 
the growth of cultures and the content of organosulfur 
compounds. Glutathione is a tripeptide (-glutamyl-
cysteine-glycine) with a thiol group, which has a role as 
the main regulator of cellular redox. Cellular redox 
potential is important mediator of several cell processes 
such as cell growth, proliferation, and differentiation. 
According to Ogawa (2005), Maher (2011), and Nahar et 
al. (2015), glutathione plays a role in modulating cell 
proliferation, growth, development, cell cycle, gene 
expression, and protein activation. Kerk et al. (1995) 
further stated that in the early stage of the cell cycle (G1), 
cells have a low glutathione content. The lack of 
glutathione availability at this stage can cause the cell 
cycle to stop (Potter et al., 2004). In the regulation of cell 

proliferation, glutathione is involved in the continuation of 
the cell cycle. Sequestering of glutathione in the nucleus 
occurs in the early stage of the cell proliferation cycle, 
where glutathione in the nucleus affects the gene 
transcription process, including cell division, redox 
regulation and regulation of transcription factors. 
Distributed glutathione into the nucleus causes a reduction 
in the accumulation of glutathione in the cytoplasm, 
whereas the availability of glutathione in the nucleus and 
cytoplasm in a balanced state is needed during the cell 
cycle (Diaz Vivancos et al., 2010; Diaz Vivancos et al., 
2015; Schnaubelt et al., 2015). By feeding the glutathione, 
there will be an increase in the amount of glutathione  
needed by cells to be able to develop from the initial stage 
(G1) to the synthesis stage (S) (Kerk and Feldman, 1995). 
The glutathione also affects the production of endogenous 
cytokinin, growth regulators that play a role in promoting 
cell division in meristematic tissue. As reported by 
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Synkova et al. (2004), overproducing of cytokinins was 
detected in plants with high glutathione and ascorbate 
enzyme activity. Glutathione added to culture media 
contributes to stimulating growth when applied at levels 
appropriate to physiological levels. Precursor feeding with 
a too high concentration can inhibit cell growth and 
enzyme activity, which can be toxic to cells (Gaosheng 
and Jingming, 2012). A number of studies reported that the 
use of glutathione was able to increase callus 
multiplication in Phoenix dactylifera L (Al-Mayahi et al., 
2020). 

The increase in organosulfur compounds in single 
garlic cell suspension culture cannot be separated from the 
involvement of glutathione in the biosynthesis of alliin 
organosulfur compounds, which are parental to other 
organosulfur compounds. The administration of 
glutathione involved in the biosynthetic pathway into the 
culture media can increase the alliin organosulfur 
compound. It is based on the fact that any intermediate 
compounds present at the beginning or in the secondary 
metabolite biosynthetic pathway can increase the end 
product. In the biosynthetic pathway of alliin organosulfur 
compounds, glutathione is upstream and involved in the 
reaction’s initial stage. According to Gaosheng (2012), 
upstream precursors can be converted into downstream 
compounds after being catalyzed by specific enzymes. The 
precursors added at the beginning or during the culture 
period can serve as additional substrates for increasing the 
high production of metabolites in cultivated plant cells, 
tissue, or organ cultures (Isah et al., 2018). In the 
conjugation reaction between glutathione and methacrylic 
acid to produce S-2 carboxypropyl glutathione, the enzyme 
glutathione transferase (GSTU24) is predicted to catalyze 
the reaction. The increase in S-2 carboxypropyl 
glutathione produced at the initial stage of the reaction will 
increase a product in the next reaction stage and increase 
the organosulfur compound as the end product. The 
stimulation given to the metabolic pathways in plant cell 
culture can produce bioactive compounds with a 
significant increase (Wang et al., 2001). 

Glutathione as a precursor feeding can be seen in the 
visualization of molecular docking between glutathione 
and GSTU24. Glutathione and methacrylic acid can bind 
to the active site of GSTU24 by hydrogen bonding and van 
der Waals interactions, with a binding affinity of -6.5 and -
4.6 kcal/mol, respectively. This interaction is dominated 
by hydrogen bonds, which are stronger than the other 
bonds. The formation of glutathione and methacrylic acid 
complexes on GSTU24 macromolecules, then glutathione 
has the potential to become a GSTU24 substrate to 
produce S-2 carboxypropyl glutathione. Plant glutathione 
S-transferase enzyme has various roles in endogenous 
metabolism; one of them is an enzyme that catalyzes 
glutathione conjugation (Dixon et al., 2010; Obeidat et al., 
2017). The next reaction stage reveals an interaction 
formulating complex between the ligand and the target 
protein, namely S-2 carboxypropyl glutathione and 
AT5G4407, -glutamyl S allylcysteine and AsGGT1, S-
allylcysteine and AsFMO1, alliin and alliin lyase1. The 
formation of the complex between the substrates as a 
ligand, and the enzymes that catalyze it as target protein at 
each reaction stage of the metabolic pathway, shows that 
organosulfur bioactive compound can be produced and 
increased by the addition of glutathione precursor.  

5. Conclusion 

The results of this study showed that glutathione as 
precursor feeding added to the culture medium is an 
effective method to increase the suspension cell growth 
and production of bioactive organosulfur compounds in 
single garlic cell suspension culture, which can enhance 
the availability of organosulfur compounds with important 
health benefits. Cell suspension culture of single garlic 
with glutathione precursor has the potential for scale-up 
studies at the commercial level by the pharmaceutical 
industry to further enhance the medicinally important 
bioactive organosulfur compounds. The molecular docking 
visualization on every reaction stage in the alliin 
biosynthesis through the glutathione pathway showed the 
presence of interaction between ligands as a substrate and 
enzymes as the target protein. 
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Abstract 

Rice (Oryza sativa) is an important staple with high food value for a large part of the world population, but damage caused 
by rice weevil, Sitophilus oryzae (Coleoptera: Curculionidae) is a major constraint to its production. Synthetic chemicals are 
effective in managing stored produce insect pests, but they leave residues on food substances. Although botanical essential 
oils have potential in managing insect pests, information is scanty on the use of their constituents against the rice weevil.  

Therefore, this study was conducted to evaluate the efficacy of two essential oil constituents: linalool and nerolidol against 
Sitophilus oryzae. Each of the constituents was formulated at 1, 5 and 25 µL/mL, relative to the actellic dust, pirimiphos-
methyl (0.015 g) and ethanol-treated control. Treatments were evaluated on rice grains (FARO 60, an Indian variety) 
infested with Sitophilus oryzae under laboratory conditions (27±2⁰C temperature; 78±5% relative humidity). The median 
lethal concentration (LC50) of the oil components was evaluated using probit analysis while mortality was assessed following 
standard procedure. Repellent effect of the oil constituents on S. oryzae was determined in an olfactometer bioassay. Data 
were analysed using Analysis of Variance (ANOVA) and t-test analysis while means were compared with the Least 
Significant Difference at 5% significant level.  

Linalool and nerolidol gave LC50 values of 3.98 µL/mL and 5.01 µL/mL, respectively, while mortality ranged from 0.00% in 
the control to 79.72% in treatment with linalool and 58% in nerolidol. Linalool and nerolidol at concentrations 5 and 25 
µL/mL were highly repellent (P < 0.05) to adult S. oryzae in olfactometry test. The use of linalool and nerolidol as essential 
oil components could be included in design of Integrated Pest Management approach of Sitophilus oryzae, thereby reducing 
the problems caused by synthetic insecticides to human and environmental health. 

Keywords :Bio-insecticides; Linalool; Adult mortality; Olfactometry test; Repellent effects 
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1. Introduction 

Many biotic factors including diseases, bacteria, virus, 
nematodes, weeds, vertebrate pests and insects, are 
constraints to production of rice (Oryza sativa L.), an 
important staple with high food value for a large part of 
the world population (Okpile et al., 2021). Field insects 
such as the rice gall midge, Orseola oryzivora (Wood-
Mason) and the rice stem borer, Scirpophaga incertus 
(Walker) (Paul, 2007) as well as storage insect pests like 
Sitotroga cerealella (Olivier) and Sitophilus oryzae L. 
(Okpile et al., 2021) are responsible for yield reduction in 
cultivated and stored rice. The rice weevil, Sitophilus 
oryzae (L.) is a major insect pest damaging rice grains in 
storage (Nwaubani et al., 2014; Akhtar et al., 2015) with a 
cosmopolitan distribution, occurring in several agro-
ecologies of the world as well.  

In Nigeria, towards reducing importation of rice, 
farmers are currently empowered to increase production of 
rice grains to feed the teeming population but being 
damaged by insects such as S. oryzae remains a challenge. 
The damage of stored rice, which usually occurred under 

both larvae and adult stages, lead to loss in nutritive value, 
grain weight and inducing secondary contamination by 
fungi and mites (Ashamo and Ogungbite, 2014). Synthetic 
insecticides and fumigants are commonly used to control 
pests due to their availability and rapid actions; however, 
their overuse, misuse and abuse have resulted in serious 
environmental consequences thus warranting widespread 
criticisms. In addition to the risks associated with the use 
of chemicals on human and environmental health, a 
number of insect pests has been reported to be resistant to 
them. 

Use of botanicals as pest control agents have 
constituted alternative strategies to the use of chemical 
insecticides as plants constitute a rich and cheap source of 
bioactivities (Wink, 2008; Akinbuluma et al., 2017). 
Given that many of the plant part powders and their 
extracts are specific to target insects, have low mammalian 
toxicity and are eco-friendly, their exploration should be 
an eloquent indicator towards the development of novel 
classes of biopesticides for a resilient pest management. 
Botanical essential oils are among the products that have 
been used to mitigate the effects of both field and storage 
insect pests (Marimuth et al., 1997; Isman, 2000; Isman 
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and Ahkar, 2007; Aboaba et al., 2019; Akinbuluma 2020) 
as a potential alternative to synthetic pesticides (Al 
Dawsari, 2020). Although efforts are directed at 
investigating plant-derived constituents as useful products 
in insect-control practices, only little progress is made in 
the determination of actual compounds responsible for 
insecticidal activities. There was no recent report on the 
effects of individual constituents of plant essential oils as 
biopesticides against S. oryzae. So, this study aims to 
assess the potential of two essential oil components, 
linalool and nerolidol, relative to a synthetic compound, 
pirimiphos-methyl on Sitophilus oryzae. 

2. Materials and Methods 

2.1. Study location 

This study was conducted between January and April, 
2020.  All experiments were carried out at the Entomology 
Research Laboratory and the PEARL Laboratory, 
Department of Crop Protection and Environmental 
Biology, University of Ibadan, at 27±2⁰C (temperature) 
and 78±5% (relative humidity). 

2.2. Insects 

Infested rice grains were bought from the market and 
kept in Kilner jars with mesh lids. Emerged adults were 
sieved out and used to infest clean grains in 3 Kilner jars 
(200 g/jar). Old insects were removed after 7 days of 
mating and oviposition and newly emerged adults were 
used for the experiments (Akinbuluma and Ewete, 2014). 

2.3. 3.3 Insecticidal materials and rice variety 

Linalool and nerolidol were obtained from the 
Behavioural and Chemical Ecology unit of International 
Centre of Insect Physiology and Ecology, Nairobi, Kenya. 
Rice grains (FARO 60, japonica indica variety) were 
purchased from the International Institute for Tropical 
Agriculture, Ibadan, Nigeria. The grains were parboiled, 
dried and subsequently dehusked. 

2.4. Biological assays 

2.4.1. Median Lethal Concentration (LC50)  

Each of linalool and nerolidol was diluted in 95% 
ethanol to obtain ten concentrations, 1, 2, 3, 4, 5, 6, 7, 8, 9 
and 10 microliter/millilitre (µL/mL) with a control 0 
(µL/mL) containing only ethanol. The concentrations were 
applied topically on the ventral sides of five pairs of adult 
S. oryzae with a micro-syringe. Mortality was recorded 
after 24 hours and converted to probits, while the 
logarithms of the concentrations were taken. Probits were 
plotted against the logarithmic values to obtain a 
regression line, using Microsoft Excel (DSAASTAT 
version 1.101). The LC50 for each of linalool and nerolidol 
was determined where the log-dose at the median point 
was changed to antilogarithm (Finney, 1971; Akinbuluma 
and Ewete, 2014). 

2.4.2. Insect mortality  

Thirty grammes (30 g) of rice grains was weighed in 
each of five 1-L kilner jar, and 0.5 mL of three selected 
concentrations (1, 5 and 25 µL/mL) of linalool was added 
to the grains inside each jar and the jars were shaken for 
about 3 minutes to allow effective coverage of the grain 
surface with the oils (Aboaba et al., 2019). The set-up 

included a jar containing ethanol only (negative control) 
and another jar containing 0.015 g of synthetic chemical, 
pirimiphos-methyl as the positive control. Thereafter, each 
jar received five pairs (1♀: 1♂) of 1-2 day-old adult S. 
oryzae and were covered with lid wire mesh. The five 
treatments were arranged in a Completely Randomised 
Design (CRD) with 4 replications. The number of adult S. 
oryzae that died was recorded every other day for 7 days 
(an insect was taken as dead when it does not respond 
when probed with a camel hair brush). Mortality data 
obtained were converted to percentage and transformed 
before analysis. Another set-up was repeated with 
nerolidol at the same concentrations and experimental 
conditions as above. 

2.4.3. Repellent effects of oils 

Behavioural response of adult S. oryzae to linalool and 
nerolidol was evaluated on A Y-tube olfactometer (internal 
diameter 0.5 cm, stem length 4 cm, arm length 5.5 cm). 
Each of linalool and nerolidol at concentrations; 1, 5 and 
25 µL/mL was applied to a filter paper strip (No. 1 
Whatman, Int Ltd. Maidstone, England) and placed at one 
arm of the tube, while the control (ethanol only) was 
placed on the other arm. Compressed clean air from a 
pump was drawn through two flow metres (at 60 ml/min 
rate) and later passed through two polyester (Nalophan) 
bags (38 x 25) cm.  The bags contained the odour sources, 
and each was connected to each arm of the olfactometer 
with Teflon tubes. With the aid of a soft hairbrush, six 
adult female S. oryzae were placed at the stem inlet of the 
Y-tube and were observed for 5 minutes. Each 
concentration of the compounds was assayed in five 
replications with new batch of insects in each case. The 
number of entries from treated and control sides of the 
tubes was recorded and compared using a t-test analysis 
(Akinbuluma, 2017). 

3. Results 

3.1. Median lethal concentration (LC50) and insect 
mortality 

The LC50 of linalool and nerolidol on adult S. oryzae 
were 3.98 µL/mL and 5.01 µL/mL, respectively, as shown 
in Figs 1 and 2). Percentage mortality of adult S. oryzae 
treated with the concentrations of linalool and nerolidol 
relative to pirimiphos-methyl and ethanol-treated control 
are presented in Tables 1 and 2). All concentrations of 
linalool were significantly higher (P ˂ 0.05) than the 
ethanol-control in causing mortality to S. oryzae in all the 
days of the trials. Although percentage mortality values 
were highest on jars treated with pirimiphos-methyl, they 
were not significantly different (P ˃ 0.05) from percentage 
mortality on grains treated with linalool (at 25 µL/mL) 
under days 3, 5 and 7 of the trials (Table 1). At higher 
concentrations of nerolidol and in later days of trials, 
percentage mortality was significantly higher than those in 
ethanol-treated control (Table 2).  

3.2. Repellent effect  

Significant difference (P ˂ 0.05) was observed between 
repellence of adult S. oryzae caused by the concentrations 
of linalool at 5 µL/ml and 25 µL/mL and the ethanol 
control. Linalool at 25 µL/mL exhibited the highest 
repellent effect on S. oryzae (Table 3), even though 
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nerolidol at 25 µL/mL also exhibited repellent effect that 
was significantly higher than the control. 

Figure 1. Median Lethal Concentration (LC50) of Linalool on 
adult Sitophilus oryzae 

Figure 2. Median Lethal Concentration (LC50) of Nerolidol on 
adult Sitophilus oryzae

 

Table 1. Mortality of adult S. oryzae treated with Linalool in the University of Ibadan, Nigeria in January, 2020 

Conc. (µL/mL)  Mortality (± SE) of Sitophilus oryzae over 1-7 days infestation  

 1 3 5 7 

0 (Ethanol) 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

1 13.83±4.61 20.47±2.03 25.83±4.26 25.83±4.26 

5 20.47±2.03 22.13±3.69  27.70±4.29  30.87±5.11 

25 54.00±3.96 68.94±12.21 75.89±10.53 79.72±7.67 

Pirimiphos-methyl (0.015g) 18.44±0.00 72.11±6.26 90.00±0.00 90.00±0.00 

LSD (0.05) 8.63 19.35 16.37 13.68 

Means whose differences are greater than LSD (0.05) within a column are significantly different  

Table 2. Mortality of adult S. oryzae treated with Nerolidol in the University of Ibadan, Nigeria in January, 2020 

Conc. (µl/ml)  Mortality (± SE) of Sitophilus oryzae over 1-7 days infestation  

 1 3 5 7 

0 (Ethanol) 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

1 0.00±0.00 4.61±4.61 11.25±6.70 15.86±5.62 

5 4.61±4.61 14.61±4.61 23.83±4.61  40.47±2.03 

25 9.22±5.83 19.22±5.32 42.50±2.34 58.22±1.66 

Pirimiphos-methyl (0.015g) 20.47±2.03 78.75±6.70 90.00±0.00 90.00±0.00 

LSD (0.05) 9.88 14.50 11.41 8.36 

Means whose differences are greater than LSD (0.05) within a column are significantly different  
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Table 3. Repellent effect of linalool and nerolidol on adult S. oryzae in the University of Ibadan, Nigeria in January, 2020 

 Mean values are significant where t-stat is greater than t-critical within the same row

4. Discussions 

Botanical essential oils and their constituents do not 
only exhibit activities including fumigant and contact 
toxicity, antifeedant and repellence on stored product 
insect pests, but they also possess some advantages like 
low mammalian toxicity, biodegradation and availability 
in developing countries (Isman 2000; El-Bakry, 2016). 

The low LC50 values of linalool and nerolidol shows 
that both oil constituents possess contact toxicity against 
adult Sitophilus oryzae. Ayvaz et al. (2010) also reported 
LC50 value as low as 12.74 µL/L from the essential oils of 
oregano, Origanum onites L. on Acanthoscelides obtectus 
on stored beans. A more recent study revealed that the 
essential oils from Syzygium aromaticum and Aegle 
marmelos gave an LC50 of 15.34 and 16.133 μL, 
respectively, on S. oryzae adults at 48 h exposure (Mishra 
et al., 2012). 

Although the mortality of S. oryzae increased with 
increasing concentration of the essential oil components 
and with exposure period, linalool and nerolidol were 
generally toxic to the insects. This might be due to the 
presence of terpenes in them, agreeing with the reports of 
Garcia et al. (2005) that the several monoterpenes and 
some sesquiterpenes were toxic to insects of stored 
produce. Earlier reports have shown that crude essential 
oils and their components are effective against insect pests 
of stored produce. Akinbuluma (2020) reported that the 
essential oil constituents from stem bark of Cedrela 
odorata caused high mortality and reduced egg-laying 
capacity of maize weevil. Similarly, oil from flowers of 
Hyptis spicigera elicited high insecticidal activity against 
S. oryzae (L.) and its toxicity was attributed to the 
presence of 1,8 cineole, carvacrol, α-pinene and β-pinene, 
in the crude oil (Ngamo et al., 2007c). Specifically, 
linalool and nerolidol have been effective against some 
insect pests. Insecticidal properties of linalool are 
implicated as being a reversible inhibitor of 
acetylcholinesterase (Weaver et al., 1991). Chang et al. 
(2009) have shown that linalool is a major component in 
basil oil active against tephritid fruit flies, Ceratitis 
capitata, Bactrocera dorsalis and Bactrocera cucurbitae, 
while Lapczynski et al. (2008) and Ferreira et al. (2012) 
reported that nerolidol is a naturally occurring compound 
present in the oil of many plants with a floral odour. A 
recent study also revealed the presence of linalool and 
nerolidol and other compounds as constituents of essential 
oils in Piper guineense fruits (Akinbuluma, 2017).  

In this study, linalool and nerolidol were highly 
repellent to S. oryzae, indicating that these compounds can 
actually exhibit a ‘sniff and run’ property on the insect. 
Olfactometry test, however, showed that linalool was more 
repellent than nerolidol to the insects. Muller et al. (2009) 
reported that linalool, among other compounds tested, 
significantly repelled more mosquitoes than untreated 
control, and Kim et al. (2010) also reported that linalool 
from origanum, produced 85% repellence to Tribolium 
castaneum.  

5. Conclusions  

This study concludes that linalool at 25 µL/mL was 
very effective in causing mortality and was highly 
repellent to adult Sitophilus oryzae. Therefore, the use of 
essential oils, especially their main components could be 
applicable to the management of Sitophilus oryzae and as a 
valid alternative to synthetic insecticides. 
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Abstract 

Recombinant lipase encoding gene of Serratia marcescens LII61 has been successfully expressed in Escherichia coli. The 
gene was amplified from genomic DNA of S. marcescens LII61 by PCR method using lipase specific primers. The amplified 
DNA was then subsequently inserted in pGEM®-T easy vector and transformed into E. coli JM109. The inserted DNA 
fragment in the plasmid was analyzed for studying the lipase gene sequence. The recombinant gene was subcloned in pET-
28b(+) vector/ E. coli BL21(DE3) system. The positive clones were selected by growing E. coli cells in antibiotic medium 
and lipase-specific medium. The analysis of recombinant DNA showed that the lipase gene of S. marcescens LII61 was 1845 
bp in size. The inserted gene in the pGEM-T easy vector was composed of 1842 bp lipase gene and flanked by several 
restriction enzyme as stated on the map vector. The recombinant E. coli BL21 (DE3) showed a fluorescent orange color on 
LB-IPTG-rhodamine B-olive oil agar plate, indicated that the recombinant bacteria were able to express the lipase gene from 
S. marcescens LII61. This report is the first endeavor on cloning and expression of lipase from Indonesian isolate of S. 
marcescens. 

Keywords: Lipase, Recombinant Protein, Serratia marcescens, Escherichia coli,  
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1. Introduction  

Micobial lipases have received special attention from 
biotechnology industries and been widely used in synthesis 
of organic compounds because the enzymes are selective, 
substrate-specific, stable to organic solvents, and due to 
regio/stereo-selectivity (Sharma et al., 2001; Hasan et al., 
2006; Thakur, 2012; Andualema and Gessesse, 2012; 
Borrelli and Trono, 2015). Microbial lipase has been 
widely studied by researchers, both in terms of structure, 
characteristic, production, increasing productivity, 
development, and exploration of producing 
microorganisms as a new source for lipase production. 
Several bacteria and fungi isolated from various sources 
were potential lipase producers; for example, Micrococcus 
luteus L69 Microbial lipase has been widely studied by 
researchers, both in terms of structure, characteristic, 
production, increasing productivity, development, and 
exploration of producing microorganisms as a new source 
for lipase production. Several bacteria and fungi isolated 
from various sources were potential lipase producers; for 
example, Micrococcus luteus L69 isolated from POME-
contaminated soil (Sumarsih et al., 2020), Mycobacterium 
sp. isolated from pulp and paper mill effluent (Tripathi et 
al., 2014), Sporobolomyces salmonicolor OVS8 from oil 
mill spillage (Thabet et al., 2012). Several genera of 
bacteria and fungi have been screened as sources of lipase 

in large-scale production, including Bacillus, 
Achromobacter, Alcaligenes, Arthrobacter, 
Pseudomonomas, Penicillium, Fusarium, Aspergillus 
(Chandra et al., 2020). Microbial enzymes are easy to 
produce in large quantities, easily manipulated genetically, 
have high activity in various environmental conditions and 
are very useful in a variety of industrial applications 
(Andualema and Gessesse, 2012). However, native 
microbial enzymes have many disadvantages, including 
non-reproducibility, low yield for certain bio-catalytic 
processes and requiring optimization of conditions. This 
disadvantage can be overcome by using molecular 
technology for recombinant proteins production, which 
allows the catalytic improvement, protein over-expression 
and production (Borrelli and Trono, 2015).   

The Gram-negative enteric bacterium Serratia 
marcescens represent as one of best lipase producers, in 
particular Family I.3 lipase (Borrelli and Trono, 2015, Lee 
et al., 2007). Several strains S. marcescens had been 
explored for lipase production (Mohanasrinivasan et al., 
2018; Nwachukwu et al., 2017). The extracellular lipases 
are widely used as biocatalyst in enantioselective 
hydrolysis and synthesis of many chiral drug precursors. S. 
marcescens ES-2 showed high enantioselectivity for (S)-
flurbiprofen (Lee et al., 2007). Lipase from S. marcescens 
ECU1010 used in asymmetric synthesis of trans-3-(4-
methoxyphenyl) glycidic acid methyl ester] (Shibatani et 
al., 2000; Zhao et al., 2010).  
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Serratia marcescens strain LII61 was isolated from 
slaughterhouse waste in North Surabaya Indonesia, was a 
good lipase and biosurfactant producer (Ni‘matuzahroh et 
al., 2017; Renjana et al., 2017). The bacterium was a 
potent bacterial for oil sludge cleaning agent, showed oil 
sludge dissolving activity by 86.38 ± 2.39% 
(Ni’matuzahroh et al., 2017). The bacteria isolate LII61 
showed unique character, had variable gram characters, 
indicated by the change in color of the cell wall resulting 
from gram staining at the observed age of the culture 
(Fatimah et al., 2019). The isolate was similar (99%) to S. 
marcescens based on its 16S ribosomal RNA gene 
sequence (Renjana et al., 2017; Fatimah et al., 2019).  

Serrattia marcescens is human opportunistic pathogen 
(Haddix and Shanks, 2017; Takayama and Kato, 2020). 
Therefore, a recombinant production in realtively safer 
baterial strain is needed for future mass production and 
industrial application, especially in foods, pharmaceutical, 
and cosmetic industries. In this first effort on constructing 
recombinant E. coli strain expressing lipase from 
Indonesia S. marcescens isolate, lipase-encoding gene was 
amplified from S. marcescens LII61 genome, then inserted 
in plasmid pGEM®-T easy and expressed in pET-28b(+)/ 
Escherichia coli system.  

2. Materials and Methods  

2.1. Bacteria, Plasmid and Media  

The bacteria S. marcescens LII61 (GenBank accession 
number of 16S ribosomal RNA gene: MK702080.1) was 
used as a source of lipase gene, was grown on nutrient agar 
medium. The bacteria used as host cells in the cloning 
process, E. coli JM109 and E. coli BL21 (DE3), were 
grown in Luria Bertani (LB) medium (1% NaCl, 1% 
tripton and 0.5% yeast extract). The plasmids used as 
vectors for construction of recombinant DNAs were 
pGEM®-T Easy (Promega) and pET-28b(+) (Novagen). 
Medium used for selection of recombinant E. coli strain 
was LB agar supplemented with 50 mg/mL X-gal (5-
bromo-4-chloro-3-indolyl-beta-D-galacto-pyranoside), 
100mM IPTG (isopropyl-β-D-thiogalacto-pyranoside) and 
suitable antibiotics. The medium used in the lipase 
expression test was LB agar supplemented 100mM IPTG 
and 50 μg/mL kanamycin, olive oil and rhodamin-B.  

2.2. Lipase gene amplification 

Lipase gene was amplified from genomic DNA of S. 
marcescens LII61 using forward primer (lip-F) 5’-
GGCCAGGCGGCATAATTC-3’ and reverse primer (lip-
R) 5’–GGCCAACACCACCTGATCG-3’ (Lee et al., 
2007). The components in the PCRmix consisted of  Go 
Taq® Green Master Mix (Promega), primers, genomic 
DNA, Nuclease-Free Water. The thermal cycling process 
was initiated by pre-denaturation for 2 minutes at 95 °C. 
The PCR process was carried out in 35 cycles with the 
conditions of each cycle: 95 °C-denaturation for 30 
seconds, 49.4 °C- annealing for 45 seconds, 72 °C- 
extension for 1 minute. The PCR product was then purified 
using GenElute™ Gel Extraction Kit (Sigma Aldrich) and 
sent to 1st Base Laboratories, Malaysia for sequencing. 

 

2.3. Cloning and nucleotide sequence analysis of lipase 
gene 

The purified PCR product was inserted into pGEM®-T 
easy vector, then transformed into E. coli JM109 host 
cells (Promega). The mixture containing recombinant 
DNA was spread on solid LB media supplemented with 
Ampicillin (100 g/mL), IPTG (100 mM) and X-gal (20 
g/mL followed by incubation at 37 0C for overnight. The 
presence of recombinant pGEM®-T plasmid (pGEM-lip) in 
the white colonies were verified using colony PCR method 
(Woodman, 2008).  

PGEM-lip were isolated from the positive clones using 
using The Wizard® Plus SV Minipreps DNA Purification 
System (Promega) and sent to 1st Base Laboratories, 
Malaysia for sequencing. The analysis of DNA sequences 
was performed using BioEdit (version 7.2.5) software. The 
translated amino acid sequence of the lipase gene of S. 
marcescens LII61 was then aligned with other sequences 
of S. marcescens strains lipase using BLASTp 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). 

2.4. Subcloning of recombinant lipase  

The recombinant plasmid pGEM-lip was digested out 
using restriction enzyme EcoRI. The digested-lipase gene 
was ligated using T4 DNA ligase into EcoR1 digested-
pET28b (+) plasmid, then transformed into E. coli BL21 
(DE3). The transformant then was inoculated onto LB agar 
containing kanamycin (50 g/ml) and incubated at 37oC 
for 18 hours. The bacterial clones were picked and 
inoculated onto lipolytic specific medium, LB agar 
containing kanamycin (50 g/ml), 100 mM IPTG, olive 
oil, and rhodamine B. Recombinant E. coli BL21 (DE3) 
that produced and excreted recombinant lipase showed a 
fluorescent orange color under UV light. This condition 
proved recombinant E. coli BL21 harboring recombinant 
plasmid with S. marcescens LII61 lipase (pET28b-lip.) 

3. Results 

3.1. Construction of recombinant gene 

Lipase gene of S. marcescens LII61 was successfully 
amplified. Single band of approximately 1800 bp was 
observed in the electrophoregram shown in Figure 1.  

Figure 1. Agarose electropherogram of lipase gene from S. 
marcescens LII61 (P1 and P2).M: DNA ladder 100 bp 
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The analysis of PCR product, showed a coding 
sequence of 1845 bp has been amplified from S. 
marcescens LII61 genome. The sequence of the PCR 
product showed highly similarities to sequence of S. 
marcescens strain ECU1010 extracellular lipase lipA gene 
(99.73%) (GenBank Acc. No. DQ884880.1) and lipase 
lipB gene (99.46%) (GenBank Acc. No. HM440338.1).  

 The PCR product was successfully inserted into 
the pGEM-T easy/ E. coli JM109 system, which was 
shown by the presence of white colonies on LB medium 
containing ampicillin, IPTG and X-gal after incubation for 
20 hours. The presence of target gene in the recombinant 
plasmids was confirmed by colony PCR using the lipase-
specific primers (Lee et al., 2007). The presence of PCR 
product of approximately 1800 bp indicated that the picked 

recombinant E. coli JM109 colonies carried the target 
lipase gene.  

The sequencing of recombinant plasmid was performed 
using universal primers T7 and SP6, as well as a pair of 
lipase-specific primers, lip-F and lip-R, for the 
determining the entire nucleotide inserted in the 
recombinant pGEM-T easy. Nucleotide sequence 
analysis revealed the cloned insert in the pGEM-T easy 
plasmid was 1874 bp containing lipase gene starting at 32th 
nucleotide. The sequence of inserted gene was identical to 
the sequence gene encoding lipase of S. marcescens LII61. 
According to the pGEM-T easy vector map, the cloned 
insert is flanked by several restriction enzyme sequences, 
as shown in the schematic in Figure 2.

Figure 2. Scheme of cloned insert in pGEM®-T easy vector 

Based on sequence analysis, the lipase gene inserted in 
the pGEM(R)-T plasmid consisted of 1842 bp nucleotides 
which encode a protein composed of 614 amino acids 
which was predicted to have a molecular weight of 64.8 
KDa. Protein analysis using Basic Local Alignment Search 
Tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi) revealed 
that the recombinant lipase have high similarity to 

extracellular lipase of S. marcescens GenBank Accession 
no. ABI83633.1 (99.67%) and ADI77082.1 (99.02%).  
Based on amino acids sequence, the relationships of 
recombinant lipase to the other deposited lipase in 
GenBank shown in Figure 3. The phylogenetic tree was 
constructed using MEGA X program. 

Figure 3.  Relationships of recombinant lipase to the other deposited lipase in GenBank 

3.2. Expression of lipase in E. coli BL21 

The lipase gene constructed into EcoRI site in 
pET28b(+) vector. The constructed recombinant plasmid 
pET28b-lip is shown in Figure 4.  

The recombinant plasmid pET28b-lip was transformed 
in competent cells of E. coli BL21(DE3). The positive 
cloned bacteria were collected from solid antibiotic-LB 
media. Lipase expression was detected by cultivating the 
recombinant E. coli cells in the lipolytic specific medium 
containing IPTG as an inducer. The presence of IPTG in 
the LB medium induced recombinant bacteria to express 
the lipase gene. The positive clone, harboring pET-28b-lip 
capable expressed the lipase gene, gives an orange 
fluorescent at bacterial culture. 

 Figure 4. The map of recombinant plasmid pET28b-lip 
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Figure 5. Recombinant E. coli BL21 (DE3) (A), and S. 
marcescens LII61 (B) cells grown on LB-olive oil-rhodamine B 
agar plate 

Figure 5. showed recombinant E. coli BL21 (DE3) and 
S. marcescens LII61 cells appeared grown well on lipase-
specific medium. The production of extracellular lipase is 
indicated by the presence of a fluorescent orange color 
around the colony that is visible under UV light.  The 
cationic form of indicator dyes reacts with free fatty acids 
to form complex orange fluorescent compounds which 
excite at 350 nm (Lanka and Latha, 2015). The 
recombinant bacteria colonies showed a fluorescent orange 
color under UV light indicated that the lipase gene from S. 
marcescens LII61 produced extracellularly.  Meanwhile, S. 
marcescens LII61 cells as the source of the lipase gene 
showed mixed color (yellow and orange), because bacteria 
the produce Prodigiosin which gives bacteria a red color, 
which appears yellow under UV light as shown at Figure 
5. 

4. Discussion 

Here, the first endeavors to clone and express 
recombinant lipase from Indonesian isolate of S. 
marcescens (strain LII61) were presented. The lipase-
encoding gene from S. marcescens LII61 was successfully 
constructed in pET-28(+) vector and transformed into E. 
coli BL21(DE3) for further expression and mass 
production studies. The amino acid sequence of the 
recombinant lipase from S. marcescens strain LII61 
showed high similarity to extracellular lipase of S. 
marcescens ECU1010, which was utilized to produce anti-
inflammatory drug (S)-ketoprofen (Long et al., 2007).    

Furthermore, the lipase expression test using LB-IPTG-
rhodamine B-olive oil agar plate indicated that the 
recombinant lipase produced extracellularly in E. coli 
BL21(DE3). This result is interesting due to the fact that 
recombinant proteins are usually expressed intracellularly 
in E. coli (Fakruddin et al., 2013; Ma et al., 2020). 
Moreover, in various studies, recombinant S. marcesces 
lipase in E. coli were reported to be expressed 
intracellularly (Su et al., 2014; Mohammadi et al., 2016; 
Chen et al., 2017; Yin et al., 2020) 

As previously reported, S. marcescens LII61 lipase 
exhibited high activity (Ni‘matuzahroh et al., 2017; 
Renjana et al., 2017). However, the industrial application 
of the lipase is hampered by the pathogenicity of S. 
marcescens. Recombinant production S. marcescens LII61 
lipase in E. coli BL21(DE3) and other Generally 
Recognized as Safe (GRAS) microorganisms is critical for 
the development of the lipase as industrial enzyme. In the 
future study, the mass production, purification, kinetics 
study, and substrate conversion using recombinant S. 
marcescens LII61 lipase need to be conducted. 

5. Conclusion 

Lipase encoding gene from S. marcescens LII61, which 
was isolated from slaughterhouse waste in Indonesia, was 
successfully cloned and constructed into pET-28(a) 
plasmid. The extracellular expression of the lipase gene 
was observed based on assay on LB-IPTG-rhodamine B-
olive oil agar plate. 
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Abstract 

Type 1 dⅰabetes (T1D) is a disease caused by pancreatic beta-cell injury due to high pro-inflammatory cytokines. TNF-α and 
IFN-γ are pro-inflammatory cytokines that play a role in T1D progression. Moringa oleifera (MO) and albumin (A) have 
anti-inflammatory and antidiabetic effects. The combination of both can works synergistically in suppressing the production 
of pro-inflammatory molecules. This study was conducted using five different groups (healthy mice, T1D, D1, D2, and D3). 
A dose of 145 mg/kg BW streptozotocin was used to induce T1D in mice. Moringa oleifera and albumin formulation 
(MOA) were orally administered for 14 days. Dose 1 (800 mg/kg MO:800 mg/kg A), dose 2 (615 mg/kg MO:615 mg/kg A), 
and dose 3 (800 mg/kg MO:615 mg/kg A). On day 15, hepatic cells from mice were isolated post-treatment, and the profile 
of NK+TNF-α+ and NK+IFN-γ+ were analyzed by flow cytometry. This study reports that MOA administered in D3 more 
effectively suppresses TNF-α and IFN-γ produced by NK cells. MOA could be synergies work to decrease or suppress the 
level TNF-α and IFN-γ in T1D. So, administered MOA had the potential to be used as an alternative medicine for DM. 

Keyword: Moringa oleifera, pro-inflammatory, T1D, TNF-α, IFN-γ 

                                                 
* Corresponding author e-mail: immunobiology@ub.ac.id. 
** Abbreviations: ANOVA: analysis of variance;BW: body weight ;DM: diabetes mellitus ;H2O2: hydrogen peroxide ;IFN-γ: Interferon-

Gamma;IL: interleukin;MO: Moringa oleifera ;NF-κB: transcription factor nuclear factor kappa-light-chain-enhancer of activated B 
cells;NK: Natural Killer;PB: peripheral blood ;PBS: phosphate buffer saline; SH: sulfhydryl ; STAT4: signal transducer and activator of 
transcription4;STZ: streptozotocin ;T1D: Type 1 diabetes;TACE: tumor necrosis factor-alpha converting enzyme ;TNF-α: Tumor Necrosis 
Factor-Alpha 

1. Introduction 

Type 1 diabetes (T1D) is a dⅰsease caused by the 
destruⅽtion of pancreatic beta ⅽells resulting in an absolute 
or relative deficiency in insulin production. The poverty of 
insulin leads to hyperglycemia (Simmons and Michels, 
2015). The failure of pancreatic beta cells to produce 
insulin is closely related to NK and regulatory T cell 
function loss (Graham et al., 2012). Infiltration of 
autoreactive T cells and Natural Killer (NK) cells in 
Langerhans islets lead to the progression of diabetes 
because of the increased secretion of pro-inflammatory 
cytokines (Nekoua et al., 2020). Tumor Necrosis Factor-
Alpha (TNF-α) dan Interferon-Gamma (IFN-γ) are pro-
inflammatory cytokines most prominent produced by NK 
cells (Fauriat et al., 2010). NK cells are one of the 
immunocompetent cells that increased inflammatory 
progression in diabetes mellitus (DM) by producing TNF-
α and IFN-γ. Increased pro-inflammatory cytokines can 
cause chronic inflammation in the tissue (Abel et al., 
2018).  

The high levels of TNF-α could induce dendritic cell 
activation that causes activation of T cells, which are 

mediators of damage to pancreatic β cells (Lee et al., 
2005). TNF-α can activate the transⅽription faⅽtor nuclear 
factor kappa-light-chain-enhancer of activated B ⅽells (NF-
κB) which plays a role in the secretion of pro-
inflammatory cytokines (Patel and Santani, 2009). IFN-γ 
and TNF-α play a role in autoimmunity in DM and 
apoptosis of pancreatic β cells. The increase in IFN-γ 
causes activation of macrophages and CD8 T cells, which 
causes damage to pancreatic β cells through TNF-α and 
interleukin (IL)-1β secretion (Tsiavou et al., 2004). T1D is 
disease-related with numerous factors such as genetic, 
environmental, low insulin production due to pancreatic B 
cell damage, and uncontrolled secretion of pro-
inflammatory cytokines (Marrack et al., 2001; Cerf, 
2013). Based on these factors, an effective treatment is 
needed in treating DM. Currently, treatment focuses on 
managing blood sugar levels with insulin and synthetic 
drug consumption to prevent complications. However, 
as we know, long-term use of synthetic drug lead to 
harmful side effects. Natural treatment is considered 
due to having many benefits without causing harmful 
side effects. 

In this experiment, we have the purpose of 
investigating the effect of MOA on the T1D mice model 
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through to control the TNF-α and IFN-γ production by 
NK cells. MOA consists of a combination of Moringa 
oleifera and Toman fish albumin (Channa micropeltes). 
Combining natural ingredients is expected to form a 
complex that works synergistically to maximize the 
natural compound's efficacy. Moringa oleifera has been 
known as a traditional medicine in various kinds of 
diseases.  The effectiveness of Moringa oleifera was 
attributed to bioactive compounds such as phenol, 
flavonoid, alkaloid, glucosinolate, β-sitosterol-3-O-β-D-
glucoside, isothiocyanate, tannin, terpenoid, and 
saponin (Lopez et al., 2018). In addition, MO has many 
beneficial properties such as anti-inflammatory, 
antimicrobial, antioxidant, anticancer, cardiovascular, 
antidiabetic, and diuretic effects (Osman et al., 2012; 
Bhattacharya et al., 2018). Albumin from fish can serve 
as an alternative to fulfill albumin in the body. 
Moreover, albumin has a group sulfhydryl (-SH), which 
plays a role and functions as a free-radical scavenger 
(Quilan et al., 2005).  

2. Materials and Methods 

2.1. Experimental animals protocol  

Animals used in this experiment were male BALB/c 
mice, obtained from Malang Murine Farm, Singosari, 
Malang, East Java, Indonesia. A total of 25 normal 
BALB/c male mice were 8-10 weeks with body weight 
(BW) around 25-30 g maintained in a pathogen-free 
chamber with controlled conditions. They had free access 
to standard pellet feed and water daily during the 
experiment period. Experimental mice were divided into 
five treatment groups: healthy mice, T1D mice model, and 
T1D mice model administered with three different doses 
(D1, D2, and D3). These experiments' protocols were 
carried out and internationally accepted and permitted by 
the Ethical Committee of Brawijaya University, Malang, 
Indonesia (Reg. No. 1180-KEP-UB). 

2.2. Animal models type 1 diabetes  

The induction of T1D was conducted by DiaComp 
Protocols (Brosius, 2015) with modification. T1D was 
induced by a single intraperitoneal (ⅰ.p.) injection of 
freshly prepared streptozotocin (STZ) (Bioworld, USA) at 
a dose of 145 mg/kg BW in 0.1 M citrate buffer (pH 4.5). 
The mice fasted for 4-6 hours before injection. The blood 
glucose levels were measured at six days post-injection of 
STZ with a glucometer. Mice were considered to suffer 
from diabetes if blood glucose level ≥200 mg dL−1. 

2.3. Preparation and oral treatment of Moringa oleifera-
Albumin combination 

MOA consists of a combination of Moringa oleifera 
and albumin from Toman fish (Channa micropeltes). 
Moringa oleifera (MO) leaves were collected from the 
Materia Medica Batu, Malang, Indonesia. A total of 50 g 
of MO powder were boiled in 500 mL of water for 5 
minutes and filtered to obtain MO extract before stored in 
a freezer at -80oC for 24 hours. The frozen extract was 
then evaporated with a freeze dryer. Albumin was obtained 
from IFALMIN® manufactured by Ismut Fitomedika, 

Makassar, Indonesia. IFALMIN® is a product derived 
from Toman fish extract. MOA combination was given 
orally to T1D mice for 14 days with three different doses. 
All doses we showed here are adjusted to mg/kg BW. 
Dose 1 (800 mg/kg BW MO:800 mg/kg BW A), dose 2 
(615 mg/kg BW MO:615 mg/kg BW A), and dose 3 (800 
mg/kg BW MO:615 mg/kg BW A). On day 15, all of the 
mice were sacrificed post-treatment for flow cytometry 
analysis. 

2.4. Isolation of liver organ and Flow cytometry analysis 

On day 15 of this experiment, the mice were sacrificed 
by dislocation and then dissected for liver isolation. In our 
study, we used the liver for analysis of the NK cell that 
produces TNF-α and IFN-γ. According to Sun et al (2013), 
the percentage of NK cells in the liver is higher than in the 
spleen and peripheral blood (PB). The liver was isolated 
and washed in a petri dish containing sterile phosphate 
buffer saline (PBS). Cells from mice's liver were isolated 
by crushing liver in PBS. The cell suspension was 
removed to the polypropylene tube, and added with PBS. 
Homogenates of the cell were centrifuged at 2500 rpm, 10 
°C, for 5 min. Pellet was resuspended in 1 mL of PBS and 
divided into 1 mL microtube. Intracellular cytokine 
staining was performed with a Cytofix/Cytoperm kit 
(Biolegend BD Sciences) according to the protocol 
presented by the manufacturer. Cells were incubated with 
anti-TNF-α and anti-IFN-γ antibodies. Before intracellular 
staining, cells were subjected to surface molecules staining 
with anti-NK. The antibodies were applied at a 
concentration of 0.005 mg/100 μL. The cells stained with 
extracellular and intracellular antibodies were added with 
PBS of 300-500 L and transferred to cuvettes to be 
analyzed with flow cytometry. 

2.5. Data Analysis 

The data from flow cytometry were analyzed by BD. 
cell quest PRO™ software, then tabulated using Microsoft 
Excel for statistical analysis. The statistical analysis was 
executed by SPSS version 16 for windows. Data were 
analyzed using a one-way analysis of variance (ANOVA) 
(ρ ≤ 0.05) followed by the Tukey test to decide the 
significant difference among treatments. 

3. Results 

T1D mouse groups models had the highest profile of 
cytokine pro-inflammatory than the normal groups (p ≤ 
0.05), including the relative number of TNF-α and IFN-γ 
production by NK cells (NK+TNF-α+and NK+IFN-γ+). TID 
mouse groups were treated using three different doses of 
MOA. All of the doses giving various effects after post-
treatment in suppressing TNF-α and IFN-γ production by 
NK cells. D1 and D3 have a significant impact on 
decreasing the relative number of NK+TNF-α+ (figure 1). 

Meanwhile, D2 does not have a significant impact. 
Furthermore, D2 and D3 were significantly able to reduce 
the relative number of NK+IFN-γ+ compared to D1 (figure 
2). Thus, in this study, D3 as a whole affected suppressing 
TNF-α and IFN-γ expressed by NK cells. 
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Figure 1. The administration of MOA in T1D mice model can suppress the relative number of NK+TNF-α+. Normal = healthy mice; T1D = 
mice STZ induced; D1 = T1D + dose 1 (800 mg/kg BW (MOL) : 800 mg/kg BW (I)); D2 = T1D + dose 2 (615 mg/kg BW (MOL) : 615 
mg/kg BW (I)); D3 = T1D + D3 (800 mg/kg BW (MOL) : 615 mg/kg BW (I)). Mice were sacrificed and analyzed using flow cytometry 
(left) on day 15 and tabulated into Microsoft Excel (right). The data are mean+SD in each group with p value ≤ 0.05. 

Figure 2. The administration of MOA in T1D mice model can suppress the relative number of NK+IFN-γ+. Normal = healthy mice; T1D = 
mice STZ induced; D1 = T1D + dose 1 (800 mg/kg BW (MOL) : 800 mg/kg BW (I)); D2 = T1D + dose 2 (615 mg/kg BW (MOL) : 615 
mg/kg BW (I)); D3 = T1D + D3 (800 mg/kg BW (MOL) : 615 mg/kg BW (I)). Mice were sacrificed and analyzed using flow cytometry 
(left) on day 15 and tabulated into Microsoft Excel (right). The data are mean+SD in each group with p value ≤ 0.05.

4. Discussion 

T1D is also known as insulin-dependent diabetes 
mellitus (IDDM) (Arora et al., 2009). People with T1D 
generally rely on insulin injections to regulate their sugar 
metabolism. Type I diabetes resulted from deficiency or 
failure of the pancreatic islet to secrete insulin. Insulin is a 
hormone with a pivotal role that served the body to make 
blood glucose available to cells (Rifa'i et al., 2018). If the 
levels of insulin are low in the long term, it will cause 
hyperglycemia. Hyperglycemia is a condition of 
high blood glucose levels exceeding normal limits 
(Balakrishnan et al., 2012; Mohamed et al., 2016), 
resulting in oxidative stress that causes tissue damage in 
the liver. Tissue damage in the liver causes further 
disruption of glucose metabolism, resulting in increased 
ROS and pro-inflammatory cytokines production, such as 
TNF-α (Zwirner and Ziblat, 2017). NK cells can produce 
TNF-α. The high level of TNF-α in DM causes an 
inflammatory response that worsening health in DM. In 
addition to TNF-α, IFN-γ is also known to play a role in 
the inflammatory response. According to Zwirner and 
Ziblat (2017), the high levels of secretion of IFN-γ by NK 
cells were mediated by the activation of signal transducer 
and activator of transcription4 (STAT4) promoted by IL-
12. 

MOA consists of Moringa oleifera and Toman fish 
albumin. The administration of MOA in T1D mice can 
decrease inflammatory responses. The combination of 
bioactive compounds from MOA can work synergistically 
to reduce the level of TNF-α and IFN-γ produced by NK 
cells. The previous study showed that MO and albumin 
have a role as an antioxidant that suppresses ROS 
production. The high level of oxidative stress will trigger 
inflammatory factors such as the transcription factor Nf-кB 
and various cytokines such as IFN-γ and TNF-α. In this 
study, the MOA's high antioxidant content was able to 
work synergistically to prevent oxidative stress. Albumin 
has the amino acid cysteine (cyst 34), which acts as a ROS 
scavenger such as hydrogen peroxide (H2O2) and inhibits 
lipid peroxidation. Albumin also inhibits the activation of 
the transcription factor NF-κB and modulate intracellular 
GSH levels. Albumin has many sulfhydryl (-SH) groups 
that can bind free radicals that cause oxidative stress 
(Taverna et al., 2013). 

MOA administration of various doses has yielded 
varying results. The MOA administration at D3 was able 
to significantly suppress the level of TNF-α and IFN-γ 
produced by NK cells (Figures 1 and 2). Actually, 
administration of MOA at D1 and D2 was able to 
suppress, but not significantly. In figure 1, at D1 MOA 
could suppress the level of TNF-α, but the administration 
at D2 was increased and decreased in administration at D3, 
whereas, in figure 2, D2 and D3 significantly could 
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decrease the level of IFN-γ. Administration at D1 is still 
not able to significantly reduce IFN levels. Based on these 
results, it can be assumed that MOA is an 
immunomodulator. This is because MOA can control the 
production of cytokine by NK cells, wherein certain doses 
of MOA can suppress, but on the other hand MOA also 
increase the level of cytokine. 

 The decline production of TNF-α and IFN-γ by NK 
cells post-treatment indicates a reduction in inflammation 
and improved homeostasis in TID model mice. The 
presence of flavonoids in MOA plays a role in the 
mechanism of inhibiting the activation of the transcription 
factor NF-κB and the activity of tumor necrosis factor-
alpha converting enzyme (TACE) in the synthesis of TNF-
α. One of the receptors that regulate the activation of NK 
cells is the NKG2D receptor. Generally, the NKG2D 
ligand is expressed by stress cells. The binding between 
NKG2D and NKG2D  ligands causes an increase in TACE 
activity and TNF-α secretion (Sharma et al., 2017). 
Inhibition of TACE by flavonoids can reduce the 
production of TNF-α by NK cells (Gesso et al., 2015). 
MOA is also known to contain β-sitosterol-3-O-β-D-
glucoside, which suppresses IL-12 production by dendritic 
cell or macrophage, which activates STAT4 in NK cells, 
resulting in a decrease of IFN-γ production (Jimenez et al., 
2017; Ma et al., 2018).  

5. Conclusions 

MOA has a potential role as an anti-inflammatory agent 
in mice models of TID by controlling  TNF-α and IFN-γ 
production in NK cells. Administration of MOA decreases 
the number of NK+ IFN-γ + and NK + TNF-α+ cell 
expression and is close to normal control. 
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 Abstract 

This narrative review documented the available knowledge on the transmissibility, pathogenicity, morbidity and mortality of 
COVID-19 in  sub-Saharan African region in order to inform recommendations of future containment of the virus. Internet 
search for studies on COVID-19 transmission, pathogenicity, morbidity and mortality in Africa was conducted from 
February to July 2020. Although Africa was classified among the high-risk continents due to high volume of human air 
traffic occasioned by international trade relations and poor health facilities, available data showed that most sub-Saharan 
African countries were prepared with strategies to reduce and manage the disease beyond expectations. However, despite 
health guidelines, which include but are not limited to personal hygiene, maintaining social and physical distancing, avoiding 
crowded places, use of nose and mouth or face masks that will limit its spread, the high burden of other diseases in Africa, 
such as malaria, diabetes mellitus, cancer, and asthma among others coupled with poor health facilities have been attributed 
to contribute significantly to the cause of coronavirus mortality in Africa. While information on the pathogenicity and 
therapeutic management of coronavirus continue to evolve, medicinal plants with potent metabolites are reported to be 
effective in early treatment of the virus abound in African countries, thus bringing a positive development with futuristic 
hope for cheaper and effective medication. A potentially significant contribution to reduced severity of the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic in sub-Sahara Africa may be due to the elevated temperatures 
of climate in this part of the world. 
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1. Introduction 

The last several decades have been faced with 
emerging novel strains of coronaviruses which cause 
severe respiratory disease (Alfaraj et al., 2019). In 
December 2019, another outbreak of unusual respiratory 
disease was recorded in Wuhan, China. This reported 
unusual disease was later found to be caused by an 
unfamiliar coronavirus named 2019-nCoV by the World 
Health Organization (WHO, 2020a; CDC, 2019). On 30th 
January, 2020, this disease outbreak was declared an 
emergency of international concern on public health as the 
virus and its infectivity rapidly expanded to many other 
countries of the world. On March 11, 2020, WHO renamed 
the disease and called it ‘coronavirus disease 2019 
(COVID-19)’ and declared it a global pandemic (WHO, 
2020b). COVID-19 was later identified based on a 
phylogenetic analysis as severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) by the Coronavirus Study 
Group (CSG) of the International Committee on Virus 
Taxonomy. COVID-19 caused by coronavirus is the first 

ever pandemic associated with the virus (Coronaviridae 
Study Group, 2020; WHOc, 2020). Today, COVID-19 is 
known to affect people of all ages with higher severity in 
the elderly especially those above 60 years and those with 
compromised health status such as those living with heart 
disease, chronic respiratory disease or cancer (Chen et al., 
2020). 

Some health experts arguably suggest that minimal 
records of SARS-CoV-2 cases experienced in African 
continent were probably due to low flight patronage to the 
region, which made it easier for identification and isolation 
of initial cases and limit its transmission (Njenga et al., 
2020). Besides, the rate of introduction of imported cases 
was further mitigated by the initial implementation of 
partial or complete travel restriction which facilitated 
identification and isolation of initial cases, tracing of their 
contacts and thereby limit its transmission. Compelling 
evidence has shown that sub-Sahara Africa demonstrated 
strong resolve in carrying out preventive protocols for 
SARS-CoV-2 transmission, mainly via the structures 
adopted by the WHO aided Integrated Disease 
Surveillance and Response (IDSR) and the knowledge 
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acquired from reoccurring episodes of Ebola viral 
infections in the region (Ihekweazu and Agogo, 2020). 
However, the preventive and control protocols for 
COVID-19 epidemics in African region were grossly 
inadequate when compared to that obtainable in most 
European countries and countries in the United States of 
America due to poor standard of living occasioned by poor 
income status of majority of people in the region, poor 
healthcare system, and lack of adherence to rules that 
reduce virus spread (https:// 
www.worldbank.org/en/region/afr/publication/for-sub-
saharanafrica-coronavirus-crisis-calls-for-policies-for-
greater-resilience). Literature has revealed that the low 
numbers of severe COVID-19 cases and deaths in sub-
Sahara Africa may be due to the fact that majority of them 
are at their youthful stage of life with mean age bracket of 
20 years compared to those in most European countries 
and countries in the United States of America with mean 
age bracket of 38 years and above 
(https://population.un.org/wpp/. Accessed May 3, 2020) 
Dowd et al., 2020). This notion is plausible; nevertheless, 
other causative factors such as malnutrition, cultural 
factors and overcrowding within urban settlements may 
have contributed substantially to it (Njenga et al., 2020).  

2. Transmission of SARS-COV-2 in sub-Sahara 
Africa 

The wet animal market located at the Wuhan city of 
Hubei Province where animals were regularly sold was 
suspected as the point of human–animal transmissible 
origin of COVID-19 as many people exposed to this wet 
animal market were infected with the virus. Researchers 
have made several efforts in a bid to look for a reservoir or 
intermediate host where the virus infection was transmitted 
to humans. Two species of snake have been recognized to 
be probable primary host of COVID-19 in an earlier study. 
At present, there is no reliable or scientific evidence of 
coronavirus reservoirs other than mammals and birds 
(Bassetti et al., 2020). However, genome analysis has 
revealed a strong link between human COVID-19 and two 
bat-derived severe acute respiratory syndromes (SARS)-
like coronaviruses, which showed 88 % similarity (Lu et 
al., 2020). Accumulating pieces of evidence have shown 
that COVID-19 infection could be spread from person-to-
person. This was corroborated by cases that took place 
within families and among people who did not visit the 
wet animal market in Wuhan (Wu et al., 2020). 

Transmission from individual to individual occurs mainly 
through direct contact or via droplets released by coughing 
or sneezing from infected person (Rothan and Byrareddy, 
2020). Previous study has shown no evidence of the virus 
transmission from COVID-19 positive mothers to child, 
but it is still uncertain whether transmission can occur 
during vaginal birth (Chen et al., 2020). 

The transmission from individual to individual is 
mainly from symptomatic infected individuals. However, 
in Germany, transmission of coronavirus infection from 
SARS-CoV-2 patients not displaying any symptoms has 
been reported which has generated debate on the 
elucidation of present transmission dynamics of the virus 
(Rothe et al., 2020). The transmissibility of the pandemic 
is greatly influenced by the presence of asymptomatic or 
mildly symptomatic persons.  

In an imported case, the methods of transmission are 
via spread of droplet, fecal-oral route, conjunctiva and 
fomites (Xu et al., 2020; Ong et al., 2020). Besides, the 
transmission and infectivity of the virus locally could be 
by infected person’s bodily fluids like respiratory droplets, 
saliva, feces, and urine (Ong et al., 2020). The virion has 
high survival rate at lower temperature, i.e 4°C in 
comparison with 22°C (Kampf et al., 2020). Previous 
study by van Doremalen et al. (2020), revealed a 
resemblance for SARS-CoV-1 and SARS-CoV-2 stability 
under similar experimental conditions. This was an 
indication that the variance in the epidemiologic features 
of these viruses most likely stem from other factors, 
besides elevated high viral loads in the upper respiratory 
tract and the capability of SARS-CoV-2 patients to shed 
and spread the virus while not displaying any symptom of 
the disease (asymptomatic) (Bai et al., 2020). From their 
result, there was strong indication that SARS-CoV-2 could 
be spread via aerosol and fomite transmission since the 
virus can stay alive and be transmissible in aerosols for 
hours and on surfaces up to days. Similar findings were 
reported for SARS-CoV-1, where transmission patterns 
were linked with some forms of nosocomial spread and 
super-spreading events and they provide facts on the 
alleviation of the pandemic. The residence time of SARS-
CoV-2 virion on surfaces varies. The SARS-CoV-2 half-
life in copper, aerosols, stainless steel, plastic and 
cardboard are 1 hour, 1.5 hours, 5.6 hours, 6.8 hours and 
3.4 hours, respectively while the active life span of SARS-
CoV-1 in similar media are 4 hours, 3 hours, 48 hours, 72 
hours and 24 hours, respectively (van Doremalen et al., 
2020)  

Speculations have projected that Sub-Sahara Africa 
may have a higher risk index in terms of transmission and 
contacting of COVID-19 epidemics due to high volume of 
air traffic and trade between China and African countries 
(Nkengasong and Mankoula, 2020). Public health experts 
were worried about COVID-19 becoming all year-round 
viral pandemic with continued transmission similar to 
influenza, as seen in several countries now 
(http://outbreaknewstoday. com/italy-covid-19-case-count-
now-79-government-introduces-urgentmeasures-37376/. 
accessed Feb 23, 2020). They were concerned about the 
fate of most African countries with poor health-care 
systems, insufficient tracing and laboratory facilities, and 
inadequate skilled public health labour force and 
inadequate or no finances peradventure there are 
reoccurring episodes of the pandemic. In addition, without 
vaccination or treatment and in the absence of pre-existing 
immunity, the impact would be catastrophic following 
many health challenges bedeviling the continent already 
such as endemic diseases like human immunodeficiency 
virus, tuberculosis, malaria, Ebola virus disease, Lassa 
fever, higher non-communicable diseases in existence, in 
addition to rising population growth and increased 
movement of people. Incidentally, on the 11th of March, 
2020, the WHO declared COVID-19 a global pandemic 
due to its acceleration and spread globally (Bedford et al., 
2020). In Africa, the first index case reported for COVID-
19 was in Egypt. It was reported and recorded on February 
14, 2020. This was followed by Algeria which confirmed 
her first case on February 25, 2020 while Nigeria 
confirmed her first index case on February 27, 2020. The 
first country in the southern African region to report 



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 2 211

confirmed case of COVID-19 on the 5th March 2020 was 
South Africa. All these cases were mainly imported from 
Europe (Anjorin, 2020). The disease has virtually spread to 
all African countries with South Africa having the highest 
number of cases.  

3. Pathogenicity of SARS-COV-2 

Coronavirus is known to cause human respiratory tract 
infection or animal intestinal infection. The host cell 
membrane surface receptors are involved in the course of 
virus invasion of the body. The surface of coronavirus 
contains the S-protein which can detect and become 
attached to the receptor and consequently have access into 
the human host cell via clathrin-mediated endocytosis 
(Wang et al., 2008). For this inversion, disparate 
coronaviruses make use of different receptors. For 
instance, aminopeptidase N (referred to as CD13) is the 
human coronavirus 229E (HCoV-229E) receptor, severe 
acute respiratory syndrome coronavirus (SARS-CoV) has 
angiotensin-converting enzyme 2 (ACE2) receptor (Kuba 

et al., 2005) while Middle East respiratory syndrome 
coronavirus MERS-CoV has dipeptidyl peptidase 4 
(DPP4) also known as CD26 receptor (Lu et al., 2013). 
Recent report has shown that ACE2 can be employed by 
SARS-CoV-2 receptors unlike aminopeptidase N and 
DPP4 (Zhou et al., 2020).   

Every coronavirus has genes particularly in open 
reading frames (ORF1) at the downstream regions that 
produce proteins which the viruses use to replicate and 
develop nucleocapsid and spikes (van Boheemen et al., 
2012). On the periphery of coronaviruses lies the 
glycoprotein spikes which facilitates its entrance to host 
cells. The virus could perhaps infect many hosts because 
the receptor-binding domain (RBD) is not firmly bound 
within the virus (Raj et al., 2013). For invasion of human 
cells, the main receptor mostly recognized by other 
coronaviruses are aminopeptidases or carbohydrates but in 
the case of SARS-CoV and MERS-CoV, the key receptor 
primarily recognized is exopeptidases (Wang et al., 2013). 

The mode of invasion of COVID-19 virus is dependent on 
proteases such as human airway trypsin-like protease 
(HAT), cathepsins and transmembrane protease serine 2 
(TMPRSS2) that process the spike proteins and then 
modify the cellular components allowing the viruses to 
gain access (Glowacka et al., 2011) 

SARS-CoV-2 has spike protein and equally possesses 
other polyproteins in its structures typical of 
coronaviruses. Such polyproteins include nucleoproteins 
and membrane proteins such as RNA polymerase, 3-
chymotrypsin-like protease, papain-like protease, helicase, 
glycoprotein, and accessory proteins (Wu et al., 2020; 
Zhou et al., 2020). Like other coronaviruses, SARS-CoV-2 
is an enclosed single-strand, positive sense RNA virus. 
The spike protein that regulates the host cell tropism and 
infectivity equally facilitates receptor binding and 
membrane fusion (Li, 2016). For cell invasion, SARS-CoV 
and SARS-CoV-2 make use of human angiotensin- 
converting enzyme II receptor.  The receptor-binding 
domain structure of SARS-CoV-2 is akin to that of SARS-
CoV in spite of the fact that some differences exist in 
amino acids at key residues (Lu et al., 2020). Despite the 
fact that SARS-CoV-2 genome encodes an exonuclease 
enzyme, it also has a fairly high mutation rate per genome 
replication. Hence, it may comfortably adjust to its new 
host and become infectious from one individual to another. 
The 3-D structural configuration in the receptor-binding 
domain (RBD) region of the SARS-CoV-2 spike protein 
functions to conserve the van der Waals forces (Xu et al., 
2020). 

The lysine 31 residue on the human angiotensin-
converting enzyme 2 (ACE2) receptors facilitates the 
recognition of the 394-glutamine residue in the RBD 
region of SARS-CoV-2 (Wan et al., 2020). Thus, SARS-
CoV-2 mode of pathogenicity in human is briefly 
elucidated from its attachment to human host and 
replication within the host (Figure 1). 

 

Figure 1. The life cycle of SARS-CoV-2 in host cells. ACE2 = angiotensin-converting enzyme 2; ER = endoplasmic reticulum; ERGIC= 
ER–Golgi intermediate compartment. (Source: Shereen et al. (2020).
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The SARS-CoV-2 begins its infectivity of the host 
when its S-protein becomes attached to ACE2 receptor. 
Upon binding with ACE2 receptor, there is alteration in 
the shape of the S-protein which promotes the integration 
of the viral envelope with the host cell membrane via the 
endosomal pathway. Thereafter, RNA is liberated by 
SARS-CoV-2 into cell hosting it. The viral replicase 
polyproteins pp1a and 1ab produced from the translation 
of the RNA genome are thereafter degraded into miniature 
products by proteinases. Through discontinuous 
transcription, the polymerase enzyme catalyzes the 
production of a string of sub-genomic mRNAs which are 
ultimately converted to relevant viral proteins by the 
processes of translation. Later on, the viral proteins and 
RNA genome are congregated into virions in the 
endoplasmic reticulum and Golgi and subsequently 
conveyed through vesicles and liberated out of the cell 
(Shereen et al., 2020).  

4. Morbidity, Comorbidity and Mortality in Africa 

Reports have argued that the minimal incidences of 
COVID-19 in Africa may not be attributed to decreased 
inspection and fewer testing because shooting up of the 
number of COVID-19 cases may be observed via reports 
of high incidences of pneumonia cases at local hospitals 
and these have not been observed. Assuming that the 
COVID-19 monitoring and testing are low in Africa due to 
scarce resources, the high viral incidence witnessed in 
Asia, Europe, and North America would implicate that 
local transmission in highly populated metropolis in 
continent of Africa such as Lagos or Nairobi would 
culminate in high incidences of pneumonia cases at local 
hospitals (Pan et al., 2020). A differing notion that SARS-
CoV-2 transmission in the continent may be comparable to 
that elsewhere but that its development to clinical disease 
outcomes is significantly lower may be acceptable (Yang 
et al., 2020). Many public health professionals are amazed 
that the case fatality rate (CFR) in Africa has not escalated 
despite her high burden of chronic diseases such as 
tuberculosis, HIV/AIDS, malaria and other infections, 
including the prevalence of other underlying situations, for 
instance malnutrition and unorganized settlement with 
high population density in urban areas with dirty 
environment. For instance, in Nigeria, the CFR based on 
the Nigeria Centre for Disease Control (NCDC) is only 
1.8%. Nevertheless, it is worthy noting that comorbidities 
linked with severe COVID-19 disease like diabetes 
mellitus and asthma are not much prevalent in the region 
(Yang et al., 2020; Saeedi et al., 2019). In spite of the 
profound poor health systems in sub-Sahara Africa, the 
CFR has been below the average in global records 
compared to that of European countries and those in the 
United States of America as at 31st July, 2020. It is 
therefore highly probable that the elevated temperatures of 
the climate in sub-Saharan Africa may contribute 
significantly to the decreased survivability of the virus in 
the environment and consequent decreased disease severity 
and mortality in the population. This may be evidenced in 
the graphs of Figures 2 and 3 where death rates are 

relatively less in countries around the equator compared to 
geographical extremes of Africa in the North and South 
such as Egypt, Algeria and South Africa. 

Respiratory failure has been identified as the principal 
cause of human death in COVID-19 cases and it is similar 
to those caused by flu infection. Recently, recovery from 
respiratory failure caused by this COVID-19 incidence has 
been promoted through the use of invasive mechanical 
ventilation until the lung’s injury heals (Zhou et al., 2020). 
Extra-corporeal membrane oxygenation could be 
employed if the situation gets worse (Tao et al., 2017). 
Septic Shock and multiple organ failure have been strongly 
implicated as other causes of high mortality rate 
experienced in COVID-19 infection.  The role of 
reoccurring bacterial infections in increased incidences of 
mortality due to COVID-19 is not well-documented in 
literature (Meo et al., 2020). Others causes associated with 
increased mortality due to COVID-19 include acute kidney 
injury and cardiogenic shock resulting from acute 
myocardial injury or myocarditis (Paudel, 2020). This era 
of the global pandemic, deaths due to COVID-19 are 
hardly differentiated from others caused by overload of 
cases in hospitals. Critically ill persons infected and 
associated mortalities with COVID-19 for now do not have 
access to adequate medical attention because of limited 
resources in terms of personnel, funds and inadequate 
hospital facilities (Tao et al., 2017). 

In Africa, the daily cases of COVID-19 have been on 
the increase and the number of deaths reported daily has 
also increased drastically. As at 31 July 2020, the ten most 
hit countries with COVID-19 in Africa is as shown in 
Figure 2. Data from African Centre for Disease Control 
reveals increasing cases of death resulting from COVID-
19 in the last three months and experts’ project that the 
cases may not have reached peak due to poor health 
facilities and increased community transmission in these 
African countries. The rise in the death rates from March 
to July in five most affected countries are shown in Figure 
3. 
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Figure 2.  COVID-19 Total Death Counts in ten most affected 
Countries in Africa as at July 31, 2020. 
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Figure 3.  COVID-19 Total Death Counts as at July 2020 in five 
most affected Countries in Africa. 

COVID-19 pandemic is a relatively new and 
understudied disease and as such, there is limited available 
data. In Africa individuals having comorbidities such as 
diabetes mellitus, hypertension and malignancy had low 
recovery performance following COVID-19 infection 
treatment (Saeedi, 2019). However, from the cases 
reported to have emerged from Africa, it was observed that 
infections were increased by comorbidities. Recent health 
information and clinical experience indicate that the 
elderly, particularly those with protracted health problems 
and any other persons irrespective of age with serious 
underlying health conditions are prone to getting COVID-
19 (Paudel, 2020). Reports have shown that vulnerable 
population with chronic medical conditions like diabetes 
and cardiovascular or lung disease and the aged are not 
only prone to developing severe illness but are also at 
greater risk of death if they develop ill (Saeedi, 2019). 
Individuals with underlying unchecked medical conditions 
like diabetes, hypertension, lung, liver, and kidney disease, 
cancer patients on chemotherapy. Reports have also shown 
that transplant recipients, smokers and patients on steroids 
drugs are more prone to COVID-19 infection (Paudel, 
2020).   

5. Sub-Sahara African Mitigation Measures and 
Challenges in Tackling COVID-19 

Africa is better ready and equipped than before for any 
outbreak of any infectious viral disease like COVID-19. 
There has been significant improvement since the Ebola 
outbreak of 2014-2016 and the lessons garnered previously 
and ongoing outbreaks in addition to marked investment in 
surveillance and preparedness (WHO, 2020d; Hoffman 
and Silverberg, 2018). African countries have thus far 
intensified effort and have been on the alert for detection 
and isolation of any imported case of COVID-19. Prior to 
the reported case of COVID-19 from Africa, there has 
been a very quick response to the COVID-19 epidemic by 
the sub-Sahara public health systems of Africa. The re-
organization of WHO as well as the establishment of the 
World Health Emergencies Programme, the setting up of 
Africa CDC, (http://www.africacdc.org/. accessed 17 
February, 2020) the establishment and funding of 

development partners like ONE-HUMAN-ANIMAL-
HEALTH Africa- Europe research, training and capacity 
development network (PANDORA-ID-NET) 
(PANDORA-ID-NET, 2020) for handling emerging and 
re-occurring infections with epidemic potential facilitated 
the rapid response. This ONE-HEALTH network will 
work in all the regions in Africa continent alongside 
locally approved disease control authorities and public 
health institutes, such as Nigeria CDC, Africa CDC and 
other African and global public health agencies to 
effectively and efficiently tackle health problems such as 
the coronavirus pandemic (NCDC, 2020). 

Concerted efforts were made by the Africa CDC, 
country specific CDC like Nigeria CDC, African Union, 
PANDORA-ID-NET and other research and capacity 
development and training consortia in preparation to deal 
with any imported case or in the wake of local outbreaks 
of COVID-19.  Screening for COVID-19 patients on 
arrival at airports and at some seaports was launched by 
several African countries. There was a meeting of public 
health emergency responders from Africa in early 
February, 2020 in Senegal to keep themselves abreast of 
newest advances in COVID-19 diagnostics, (Corman et 
al., 2020) prevention and healthcare knowledge.  Many 
countries in Africa have set up isolation and quarantine 
centers, swiftly attending to suspected cases by carrying 
out laboratory test and in some cases quarantining them 
while laboratory tests were being performed (Kapata et al., 
2020).   

In Africa, Nigeria was among the first to acknowledge 
the danger and commenced strategic planning to contain 
the COVID-19 pandemic. In preparedness, the National 
Coronavirus Preparedness Group was set up by Nigeria 
CDC on 7th January, 2020, seven days after the republic of 
China announced the first confirmed case and twenty-one 
days prior to the declaration of the COVID-19 as disease 
of international concern. Nigeria under one month 
established three diagnostic laboratories for COVID-19, In 
the same vein, the National Coronavirus Preparedness 
Group was set up by the Nigeria CDC that meets on daily 
basis for the assessment of the risk posed by the 
coronavirus pandemic and review of her response to it 
(Kapata et al., 2020).  

 Many countries in African have put up thermal body 
scanners at all ports of entry to detect travelers displaying 
the symptoms of the virus. In south Africa, the national 
and provincial response teams were put in place, while 300 
health personnel were stationed at ports of entry to enable 
them screen all travelers from China. Several participants 
from different countries in Africa have been trained by the 
Africa CDC to facilitate COVID-19 detection at points-of-
entry in partnership with US-CDC, WHO, and the 
International Civil Aviation Authority (WHOe, 2020). 
Different bodies and unions such as the Africa Union, 
West African Health Organization (WAHO) and external 
donors have been swift in the provision of assistance to the 
Africa CDC. There have been many consortia sending in 
applications for research grants and capacity development 
in response to the containment of COVID-19 emergency 
grant calls.  

Sequel to the confirmation of first case of COVID-19 
in Africa, the Africa CDC, Nigeria CDC and other national 
public health institutes in collaboration with the World 
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Health Organization were putting up concerted effort in 
African region to help countries in carrying out the 
recommendations as provided by WHO International 
Health Regulations Emergency Committee. The WHO 
emergency committee proposed that all countries by 
prepared for containment, surveillance and contact tracing, 
early detection and isolation, case management, and 
preventive measures to forestall transmission of SARS-
CoV-2. Besides, diagnostic kits reagents and positive 
controls were sent to 29 laboratories in Africa by the WHO 
through PANDORA-ID- NET partner in Germany, 
Charité-Universitätsmedizin Berlin Institute of Virology to 
facilitate the capacity to screen and test while some 
African countries including DRC leveraged on the 
facilities, they have set up for Ebola screening, to screen 
for COVID-19 (WHO, 2020f). 

In a bid to checkmate the transmission of the virus, 
different precautionary and preventive measures as 
recommended by the WHO were adopted. There was 
serious public enlightenment campaign both in radio, 
television and other print media on the need for regular 
washing of hands with water and soap at least 30 seconds, 
the use of nose and mouth masks, use of hand sanitizers 
when water and soap are not readily available, 
discouragement from touching eyes, nose, and mouth, 
social and physical distancing. Additionally, people were 
advised to distance themselves from people, to cover their 
mouth and nose while coughing or sneezing with a tissue 
and thereafter cast the tissue in the dustbin for quick 
disposal (Sandaradura et al., 2020). Likewise, people were 
advised to always wash and sterilize objects and surfaces 
mostly touched employing household cleaning spray or 
wipe (NCDC, 2020). There was an embargo on social 
gatherings like burials, wedding ceremonies, birthday 
party and religious activities in most African countries. 
People were encouraged to seek medical attention when 
they have a fever, cough and difficulty in breathing or call 
in advance the local health authority and were warned to 
avoid unneeded visits to medical facilities to protect 
themselves and their loved ones. Other measures taken 
include border closures and screening at airports and 
checkpoints. In Nigeria, there was initial total lockdown of 
Lagos and Ogun states including the nation’s capital 
territory, Abuja. Subsequently there was interstate 
lockdown while curfew was imposed in areas where cases 
were reported in some states.  

Despite so many efforts being made by several Africa 
countries in the fight against COVID-19 pandemic, they 
were confronted with a lot of challenges. The majority of 
the African countries are low-middle income countries 
(LMICs) that lack the capacity to test in a large scale. 
Thus, they faced several problems ranging from diagnosis 
of suspected cases, contact tracing of suspected carriers for 
confirmatory tests and plans on active surveillance testing.  
There have been reported cases of test kit shortages in 
different African countries (VOA, 2020) owing to high 
global demand. The COVID-19 RT-PCR test kits are 
exorbitant, making it difficult for LMICs to embark on 
large-scale testing. In addition, the PCR machines and 
adequately equipped BSL-2 labs are expensive to come by 
and this required highly skilled manpower which limit the 
testing capacity for COVID-19 by many African countries 
(Kobia and Gitaka, 2020). 

In Africa, social coherence and social gatherings are 
highly valued. For instance, attendance of weekly religious 
activities is reported highest in most Africa countries with 
reported rates of about 82% in Uganda and Ethiopia. 
Consequently, mitigation measures based on social and 
physical distancing as in health guidelines may be more 
difficult to achieve, as attested by the Senegalese protest 
on 20 March 2020 after public gatherings, including 
gatherings at mosques were banned as cases of COVID-19 
rose. The high prevalence of malnutrition, anemia, 
malaria, HIV/AIDs, and tuberculosis in African population 
is a critical challenge in containing the escalation of the 
pandemic. For instance, Liberia has the highest rate of 
stunting globally, one out every three children under the 
age five years are stunted.  Increase in the incidence of 
malnutrition has been witnessed recently. Besides, there is 
early onset of rainy season this year, which implies rapid 
increment in malaria cases in 2020 which its peak 
coincided with the present COVID-19 pandemic being 
experienced. All these factors wear out the immune system 
and make the population more vulnerable 
(https://www.weforum.org/agenda/2020/03/why-sub-
saharan-africa-needs-a-unique-response-to-covid-19/. 
accessed March 30, 2020).  

Even though, the lock-down imposed in most sub-
Sahara African countries will have the benefit of reducing 
spread, fatality and disability from the virus but the 
aftermath on the Africa‘s economy is worrisome. In the 
continent, many countries are already in economic dips, 
the lockdown and decrease in economic activities due to 
the pandemic will further diminish the economic growth of 
many African countries. In addition, the decline in oil 
prices and international commodities which most African 
countries are dependent upon will further worsen the 
situation and will probably occasion grave economic 
recession for the continent. This will culminate to 
increment in poverty rate which many may view as bad for 
the African continent as the COVID-19 pandemic itself 
(Okonofua et al., 2020).  

6. Conclusion 

Sub-Sahara African countries like other countries of 
the world have been negatively impacted by COVID-19 
with comorbidities worsening its progression and 
outcomes. There is, therefore, a need to take all the 
precautions rolled out by approved health guidelines to 
avoid contacting SARS CoV-2 infections. Precautionary 
measures recommended include regular hand washing 
using detergents and soap in running water, regular 
application of safe alcohol-based hand sanitizer, reduction 
in the number of person-to-person contact, maintenance of 
social distancing, covering of nose and mouth or face with 
approved mask in public places, and generally reducing 
public activities involving physical contacts with as many 
persons as possible. Also, there is urgent need for 
increased public health campaign to create more awareness 
on the need to reduce the burden of comorbid illnesses 
capable of causing increase in the numbers of deaths in 
patients infected with COVID-19.  

Since reports have shown that a combination of health 
guidelines is likely to contribute to reduction in the 
incidences of transmission and disease severity in Africa, 
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contrasting reports linked to the pandemic in different 
countries herein presented are grounds for further studies. 
From this review, it can be inferred that warmer weather 
and large population mostly in the youthful age contribute 
to low transmission incidences of COVID-19 disease and 
severity in Africa.  

Although acquired immunity as a result of earlier 
exposure to cross-reacting corona viruses is a novel area, 
more research studies are needed for better understanding. 
It is pertinent to note that the WHO has forewarned that 
Africa may experience increased cases and deaths as 
reported in Brazil and so need all hands-on deck to avert 
the danger of the dreaded COVID-19 virus. 

Again, although reports have shown that some African 
countries have deployed medicinal plants products (herbal 
remedies) such as COVID-19 organics used in Madagascar 
and other phytochemicals-rich-compounds for the earlier 
treatment of the disease, research is on-going for 
validation of these claims and if successful, then African 
countries will make rapid progress as medicinal plants 
with these potent bioactive compounds abound in the 
continent. In the final analysis, it may well be that the 
elevated temperatures of sub-Saharan climates may be a 
major contributing factor to the reduced severity of the 
COVID-19 pandemic in this part of the world. 

References 

Alfaraj SH, Al-Tawfiq JA and Memish ZA. 2019. Middle East 
Respiratory Syndrome Coronavirus (MERS-CoV) infection 
during pregnancy: Report of two cases & review of the literature. 
J Microbiol Immunol Infect., 52(3): 501-503.  

Anjorin AA. 2020. The coronavirus disease 2019 (COVID-19) 
pandemic: A review and an update on cases in Africa. Asian Pac J 
Trop Med., 13: 99-203. 

Bai Y, Yao L, Wei T, Tian F, Jin DY, Chen L and Wang M. 2020. 
Presumed asymptomatic carrier transmission of COVID-19. 
JAMA., 323(14): 1406-1407. 

Bassetti M, Vena A and Giacobbe DR. 2020.  The Novel Chinese 
Coronavirus (2019- nCoV) Infections: challenges for fighting the 
storm, Eur J Clin Invest.,:e13209. 

Bedford J, Enria D, Giesecke J, Heymann DL, Ihekweazu C, 
Kobinger G, Lane HC,  Memish Z,  Oh M-D,  Sall AA,  Schuchat 
A,  Ungchusak K and Wieler LH. 2020. COVID-19: towards 
controlling of a pandemic. Lancet. Lancet., 395(10229): 1015–
1018.  

Centre for Disease Control. 2019 Novel Coronavirus, Wuhan, 
China. CDC. Available at https://www.cdc.gov/coronavirus/2019-
ncov/about/index.html. (Accessed: January 27, 2020) 

Chen H, Guo J, Wang C, Luo F, Yu X, Zhang W, Li J, Zhao D, 
Xu D, Gong Q, Liao J, Yang H, Hou W and Zhang Y. 2020.  
Clinical characteristics and intrauterine vertical transmission 
potential of COVID-19 infection in nine pregnant women: a 
retrospective review of medical records. Lancet., 395(10226): 
809-815.  

Chen N, Zhou M, Dong X,  QO J, Gong F, Han Y, Qiu, Y, Wang 
J,  Liu Y, Wei Y, Xia J, Yu T,  Zhang X and Zhang L. 2020.  
Epidemiological and clinical characteristics of 99 cases of 2019 
novel coronavirus pneumonia in Wuhan, China: a descriptive 
study. Lancet., 395: 507-13.   

 

 

Corman VM, Landt O, Kaiser M, Molenkampo R, Meijer A, Chu 
DKW,  Bleicker T, Brünink S, Schneider J, Schmidt ML, Mulders 

DGJC, Haagmans BL, van der Veer B, van den Brink S, Wijsman 
L, Goderski G, Romette J-L, Ellis J, Zambon M, Peiris M, 
Goossens H, Reusken C, Koopmans MPG and Drosten C. 2020. 
Detection of 2019 novel coronavirus (2019- nCoV) by real-time 
RT-PCR. Euro Surveill., 25(3) 2020.  

Coronaviridae Study Group of the International Committee on 
Taxonomy of Viruses. 2020. The species severe acute respiratory 
syndrome-related coronavirus: classifying 2019-nCoV and 
naming it SARS-CoV-2. Nat Microbiol., 5(4): 536-544. 

Dowd JB, Andriano L, Brazel DM, Rotondi V, Ding X, Liu Y and 
Mills MC. 2020.  Demographic science aids in understanding the 
spread and fatality rates of COVID-19. Proc Natl Acad Sci., 117: 
9696–9698.  

Glowacka I, Bertram S, Müller MA, Allen P, Soilleux E, Pfefferle 
S, Steffen I, Tsegaye TS,  He Y,  Gnirss K,  Niemeyer D, 
 Schneider H,  Drosten C and  Pöhlmann S. 2011. Evidence that 
TMPRSS2 activates the severe acute respiratory syndrome 
coronavirus spike protein for membrane fusion and reduces viral 
control by the humoral immune response. J Virol., 85(9): 4122–
34.  

Hoffman SJ and Silverberg SL. 2018. Delays in global disease 
outbreak responses: lessons from H1N1, Ebola, and Zika. Am J 
Public Health., 108(3): 329–33. 

http://www.africacdc.org/ Africa centers for disease control and 
prevention. (Accessed 17 February, 2020. 

https://www.weforum.org/agenda/2020/03/why-sub-saharan-
africa-needs-a-unique-response-to-covid-19/. Why Sub-Saharan 
Africa needs a unique response to COVID-19. May 20 

Ihekweazu C and Agogo E. 2020.  Africa’s response to COVID-
19. BMC Med., 18: 151.  

Kampf G, Todt D, Pfaender S and Steinmann E. 2020.  
Persistence of coronaviruses on inanimate surfaces and their 
inactivation with biocidal agents. J Hosp Infect., 104: 246-251.  

Kapata N, Ihekweazu C, Ntoumia F, Raji T, Chanda-Kapata P, 
Mwaba P, Mukonka V, Bates M, Tembo J, Corman V, Mfinanga 

S, Asogun D, Elton L, Arruda LB, Thomason MJ, Mboera 

L, Yavlinsky A, Haider N, Simons D, Hollmann L, Lule SA, Veas 

F, Hamid MMA, Dar O, Edwards S, Vairo F, McHugh 

TD, Drosten C, Kock R and Ippolito G. 2020. Is Africa prepared 
for tackling the COVID-19 (SARS-CoV-2) epidemic. Lessons 
from past outbreaks, ongoing pan-African public health efforts, 
and implications for the future. Int J Infect Dis., 93: 233–236.  

Kobia F and Gitaka J. 2020. COVID-19: Are Africa’s diagnostic 
challenges blunting response effectiveness? [version 1; peer 
review: 1 approved] AAS Open Research., 3: 4  

Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, Huan Y, Yang P, 
 Zhang Y, Deng W,  Bao L,  Zhang B,  Liu G,  Wang Z,  Chappell 
M,  Liu Y, Zheng D,  Leibbrandt A,  Wada T,  Slutsky AS,  Liu 
D,  Qin C,  Jiang C and Penninger JM. 2005. A crucial role of 
angiotensin converting enzyme 2 (ACE2) in SARS coronavirus–
induced lung injury. Nat Med., 11: 875–879.  

Li F. 2016. Structure, function, and evolution of coronavirus spike 
proteins. Annu Rev Virol., 3(1): 237–261.  

Lu G, Hu Y, Wang Q, Qj J, Gao F, Li Y, Zhang, Y,  Zhang, W, 
Yuan, Y,   Bao, J,  Zhang,  B, Shi, Y,  Yan, J  and Ga GF. 2013. 
Molecular basis of binding between novel human coronavirus 
MERSCoV and its receptor CD26. Nature., 500: 227–231.  

 

 

 



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 2 216 

Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, Wang W, Song 

H, Huang B, Zhu N, Bi Y, Ma X, Zhan F, Wang L, Hu T, Zhou 
H, Hu Z, Zhou W, Zhao L, Chen J, Meng Y, Wang J, Lin Y, Yuan 

J, Xie  Z, Ma J, Liu WJ, Wang D, Xu W, Holmes EC, Gao GF, Wu 

G, Chen W, Shi W and Tan W. 2020. Genomic characterisation 
and epidemiology of 2019 novel coronavirus: implications for 
virus origins and receptor binding. Lancet., 395(10224): 565–574.  

Meo SA, Alhowikan AM, Al-Khlaiwi T, Meo IM, Halepoto DM, 
Iqbal M, Usmani AM, Hajjar W and Ahmed N. 2020. Novel 
coronavirus 2019-nCoV: prevalence, biological and clinical 
characteristics comparison with SARS-CoV and MERSCoV. Eur 
Rev Med Pharmacol Sci., 24(4): 2012-2019.  

NCDC Coronavirus diseases (COVID-19) prevention. 
https://ncdc.gov.ng/themes/common/docs/protocols/183_1584444
646.pdf. (accessed 18th May, 2020) 

Njenga MK, Dawa J, Nanyingi M, Gachohi J, Ngere I, Letko M,  
Otieno CF, Gunn BM and Osoro E. 2020. Why is There Low 
Morbidity and Mortality of COVID-19 in Africa?. Am J Trop Med 
Hyg., 103(2): 564–569. 

Nkengasong JN and Mankoula W. 2020. Looming threat of 
COVID-19 infection in Africa: act collectively, and fast. Lancet., 
395(10227): 841-842.   

Okonofua FE, Eimuhi KE and Akhere A. 2020.  COVID-19: 
Perspectives and Reflections from Africa. Afr J Reprod Health., 
24(1): 10-13.   

Ong SWX, Tan YK, Chia PY, Lee TH, Ng OT, Wong MSY and 
Marimuthu K. 2020.  Air, surface environmental, and personal 
protective equipment contamination by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) from a symptomatic 
patient. JAMA., 323(16): 1610-1612.  

Outbreak News Today. Italy COVID-19 case count now 79, 
government introduces urgent measures. Feb 23, 2020. 
http://outbreaknewstoday. com/italy-covid-19-case-count-now-79-
government-introduces-urgentmeasures-37376/ (accessed Feb 23, 
2020). 

Pan A, Liu l, Wang C, Guo H, Hao X and Wang QT. 2020. 
Association of public health interventions with the epidemiology 
of the COVID-19 outbreak in Wuhan, China. JAMA., 323(19): 
1915-1923.  

PANDORA-ID-NET: Pan-African Network for rapid research and 
response and preparedness for infectious diseases epidemics. 
https://www.pandora-id.net/. [Accessed 17 February 2020]. 

Paudel SS. 2020. A meta-analysis of 2019 novel coronavirus 
patient clinical characteristics and comorbidities. Research 
Square., 3: 12-23.  

Raj VS, Mou H, Smits SL, Dekkers DHW, Muller MA, Dijkman 
R, Muth D, Demmers  JAAA, Zaki A,  Fouchier RAM, Thiel V, 
 Drosten C, Rottier PJM, Osterhaus ADME,  Bosch BJ 
and Haagmans BL. 2013. Dipeptidyl peptidase 4 is a functional 
receptor for the emerging human coronavirus-EMC. Nature., 
495(7440): 251–4.  

Rothan HA and Byrareddyb SN. 2020. Review article. The 
epidemiology and pathogenesis of coronavirus disease (COVID-
19) Outbreak. J Autoimmun. 109:102433. 

Rothe C, Schunk M, Sothmann P, Bretzel G, Froeschl G, 
Wallrauch C, Zimmer T, Thiel V, Janke C, Guggemos 
W, Seilmaier M, Drosten C, Vollmar P,   Zwirglmaier K,  Zange 
S, Wölfel R and Hoelscher M. 2020. Transmission of 2019-nCoV 
Infection from an Asymptomatic Contact in Germany. N Engl J 
Med., 382(10): 970-971. 

Saeedi P, Petersohn I, Salpea P,  Malanda B, Karuranga S, Unwin 
N, Colagiuri S, Guariguata  L, Motala AA, Ogurtsova  K, Shaw 
JE, Bright D and Williams R. 2019. Global and regional diabetes 
prevalence estimates for 2019 and projections for 2030 and 2045: 
results from the International Diabetes Federation Diabetes Atlas, 
9th edition. Diabetes Res Clin Pract., 157: 107843.  

Saeedi P. 2019. Global and regional diabetes prevalence estimates 
for 2019 and projections. Diabetes Res Clin Pract.,157: 107-843. 

Sandaradura I, Goeman E, Pontivivo G, Fine E, Gray H, Kerr S, 
Marriott D, Harkness J and Andresen D. 2020. A close shave? 
Performance of P2/N95 respirators in health care workers with 
facial hair: Results of the BEARDS (Adequate Respiratory 
DefenceS) study. J Hosp Infect., 104(4): 529-533. 

Shereen MA, Khan S, Kazmi A, Bashir N and Siddique R. 2020. 
COVID-19 infection: Origin, transmission, and characteristics of 
human Coronaviruses. J Adv Res., 24: 91–98. 

Tao Y, Shi M, Chommanard C, Queen K, Zhang J, Markotter W, 
Kuzmin IV, Holmes EC and Tong S. 2017. Surveillance of bat 
corona viruses in Kenya identifies relatives of human corona 
viruses. J Virol., 91: 53-60.  

United Nations 2019. Population Dynamics, World Population 
Prospectus. Available at: https://population.un.org/wpp/. 
(Accessed May 3, 2020).  

van Boheemen S, de Graaf M, Lauber C, Bestebroer TM, Raj VS, 
Zaki AM, Osterhaus ADME, Haagmans BL, Gorbalenya 
AE, Snijder EJ and Fouchier RAM. 2012. Genomic 
characterization of a newly discovered coronavirus associated 
with acute respiratory distress syndrome in humans. MBio., 3(6): 
e00473–e512.  

van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, 
Gamble A, Williamson BN, Tamin, A,  Harcourt, JL, Thornburg, 
NJ, Gerber, SI, Lloyd-Smith, JO, de Wit, E and Munster, VJ. 
2020. Aerosol and surface stability of SARS-CoV- 2 as compared 
with SARS-CoV-1. N Engl J Med., 382(16): 1564-1567. 

VOA: African Nations Try to Overcome Shortage of COVID-19 
Test Kits | Voice of America - English. 2020; (Accessed: 4 April, 
2020). 

Wan Y, Shang J, Graham R, Baric RS and Li F. 2020. Receptor 
recognition by novel coronavirus from Wuhan: an analysis based 
on decade-long structural studies of SARS. J Virol., 94(7): 
e00127-20 

Wang H, Yang P, Liu K, Guo F, Zhang Y, Zhang G and Jiang C. 
2008. SARS coronavirus entry into host cells through a novel 
clathrinand caveolae-independent endocytic pathway. Cell Res., 
18(2): 290–301.  

Wang N, Shi X, Jiang L, Zhang S, Wang D, Tong P,  Guo D, Fu 
L, Cui Y, Liu X, Arledge KC, Chen Y-H, Zhang L and Wang X. 
2013. Structure of MERS-CoV spike receptor-binding domain 
complexed with human receptor DPP4. Cell Res., 23(8): 986-993 

WHOa. Pneumonia of unknown cause- China. Emergencies, 
preparedness, response, disease outbreak news, World health 
organization (WHO) 2020. 

WHOb. Director-General’s remarks at the media briefing on 
2019-nCoV on 11 February 2020 
https://www.who.int/dg/speeches/detail/who-director-general-s-
remarks-at-themedia-briefing-on-2019-ncov-on-11-february-2020  

WHOc. Director-General’s opening remarks at the media briefing 
on COVID-19 - 11 March 2020 https://www. 
who.int/dg/speeches/detail/who-director-general-sopening-
remarks-at-the-media-briefing-on-covid-19---11-march-2020. 



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 2 217

WHOd. Ebola virus disease. 2020. 
https://www.afro.who.int/health-topics/ebola- virus-disease. 

WHOe. Management of ill travellers at Points of Entry–
international airports, seaports and ground crossings – in the 
context of COVID -19 outbreak. 2020. 
https://www.who.int/publications-detail/management-of-ill-
travellers-at- points-of-entry-international-airports-seaports-and-
ground-crossings-in-the- context-of-covid–19-outbreak 

WHOf. Emergency ministerial meeting on COVID-19 organized 
by the African union and the Africa centres for disease control and 
prevention. 2020. https://www. 
who.int/dg/speeches/detail/emergency-ministerial-meeting-on-
covid-19-or- ganized-by-the-african-union-and-the-africa-centres-
for-disease-control- and-prevention. 

World Bank. For Sub-Saharan Africa, Coronavirus Crisis Calls 
for Policies for Greater Resilience. 2020 Available at: https:// 
www.worldbank.org/en/region/afr/publication/for-sub-
saharanafrica- coronavirus-crisis-calls-for-policies-for-greater-
resilience. 

Wu F, Zhao S, Yu B, Chen YM, Wang W, Song ZG, Hu Y, Tao 
Z-W, Tian J-H, Yuan PeiY-Y, Yuan M-L, Zhang Y-L, Dai F-H, 
Liu Y, Wang Q-M, Zheng J-J, Xu L, Holmes, EC and Zhang Y-Z. 
2020.  A new coronavirus associated with human respiratory 
disease in China. Nature., 579(7798): 265-269.  

Wu P, Hao X, Lau EHY, Wong JY, Leung KSM, Wu JT, Cowling 
BJ and  Leung GM.  2020. Real-time tentative assessment of the 
epidemiological characteristics of novel coronavirus infections in 
Wuhan, China, as at 22 January 2020, Euro Surveill., 
25(3):2000044.  

Xu l, Zhang X, Song W, Sun B, Mu J, Wang B, Wang, Z, Cao, Y 
and Dong, X. 2020.  Conjunctival polymerase chain reaction-tests 
of 2019 novel coronavirus in patients in Shenyang, China Med 
Rxiv 2020. [Published online ahead of print] 

Xu X, Chen P, Wang J, Feng J, Zhou H, Li X,  Zhong W and Pei  
HP. 2020.  Evolution of the novel coronavirus from the ongoing 
Wuhan outbreak and modeling of its spike protein for risk of 
human transmission. Sci China Life Sci., 63(3): 457–60.  

Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q,  Ji R, Wang 
H, Wang Y and Zhou Y. 2020. Prevalence of comorbidities and 
its effects in patients infected with SARS-CoV-2: a systematic 
review and meta-analysis. Int J Infect Dis., 94: 91–95.  

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y,  
Song B, Gu X, Guan L, Wei Y, Li H, Wu X, Xu J, Tu S, Zhang Y,  
Chen H and  Cao B. 2020. Clinical course and risk factors for 
mortality of adult in patients with COVID-19 in Wuhan, China: a 
retrospective cohort study.  Lancet., 395(10229): 1054–1062.   

Zhou P, Yang X, Wang X, Hu B, Zhang L, Zhang W, Si H-R, Zhu 
Y,  Li B,  Huang C-L,  Chen H-D,   Chen J, Luo Y, Guo H, Jiang 
R-D, Liu M-Q, Chen Y, Shen X-R, Wang X, Zheng X-S, Zhao 
K, Chen Q-J, Deng F, Liu L-L, Yan B, Zhan F-X, Wang Y-
Y, Xiao G-F and Shi Z-L. 2020. A pneumonia outbreak associated 
with a new coronavirus of probable bat origin. Nature., 
579(7798): 270-273. 

 

 

  





JJBS  
Volume 15, Number 2,June  2022

ISSN 1995-6673
Pages  219 – 225 

https://doi.org/10.54319/jjbs/150209  
Jordan Journal of Biological Sciences                                                                                                                                                  

 

Bioremediation for the Decolorization of Textile Dyes by 
Bacterial Strains Isolated from Dyeing Wastewater  

Fahimeh Firoozeh1, Yousef Dadban Shahamat2, Susana Rodríguez-Couto3, Ebrahim 
Kouhsari4, Farhad Niknejad4,* 

1Department of Microbiology, Islamic Azad University of Damghan, Damghan, Iran; 2Environmental Health Research Center; Department 
of Environmental Health Engineering, Faculty of Health, Golestan University of Medical Sciences, Gorgan, Iran; 3 Department of 

Separation Science, LUT School of Engineering Science, LUT University, Sammonkatu 12, 50130 Mikkeli, Finland; 4Laboratory Sciences 
Research Center, Golestan University of Medical Sciences, Gorgan, Iran. 

Received: February 16, 2021; Revised: April 12, 2021; Accepted: May 23, 2021 

Abstract 

Background: The major concern to meet environmental regulations is related with the decolorization and detoxification of 
industrial dyes contaminated wastewater. So, this study was undertaken to examine the use of bacteria isolated from 
wastewater of textile factories in the removal of the synthetic textile dyes (Sudan Black, Methyl Red, Malachite Green, 
Rhodamine B and Brilliant Cresyl Blue). Methods: Dye contaminated wastewater was collected from some synthetic textile 
factories in Gorgan and Gonbad, Iran, and evaluated for the screening and isolation of bacteria capable of decolorizing 
textile dyes. The effect of function of operational parameters includes temperature (25, 37 and 50 °C), pH (4, 6 and 8) and 
initial dye concentration (100, 200 and 300 mg/mL) on the efficiency and rate of discoloration was assessed. Results: 
Totally, out of the 19 bacterial isolates from textile wastewater:  Five bacterial isolates showed dye discoloration ability and 
the most efficient bacterial isolates were Enterococcus faecium and Pantoea spp. that decolorized Methyl Red, Sudan Black 
and Malachite Green dyes at 25-37°C, concentration of 200-300 mg/mL and slightly acidic to neutral pH. Enterococcus 
bacterium was able to decolorize Sudan Black to the 19.79% in the concentration of 100 mg/ml and pH=8 and temperature 
of 50°C. The highest amount of decolorizing was observed by Pantoea on Malachite Green to the amount of 73%. 
Enterococcus had the highest decolorizing on Methyl Red to the 65.7%. The amount of decolorizing on Sudan Black by 
Enterococcus (49.9%) was also higher than Pantoea (39.7%). Conclusion: Isolated bacteria had a significant reduction in 
toxicity and cationic malachite green dye and azo dye- methyl red. Thus, bacteria can be used in full-scale industrial 
wastewater treatment with the bio-synergy and its application in discoloration.  
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1. Introduction 

Since 1856 when the first synthetic dye Mauveine was 
obtained, 100000 synthetic dyes in the world with an 
annual volume of a 0.7 million tons have been produced so 
far (Zollinger, 2005). Textile industry consumes two-thirds 
of this amount of dye (Gita et al., 2017; Lakshmanan and 
Raghavendran, 2017; Singleton, 2013). Synthetic dyes are 
macromolecules that are not easily degraded, and some of 
them are toxic to plants and animals (Varjani et al., 2020). 
Synthetic azo dyes are known with nitrogen-nitrogen 
double bond attached to the aromatic groups, and are as 
the most widely used dyes in the textile industry (Kannan 
et al., 2013; Chaturvedi et al., 2019). Inefficiency in the 
dyeing processes makes the 10-15% of the used dyes 
enters the wastewater (Nikhil et al., 2012; Natarajan et al., 
2018; Samsami et al., 2020). Declining water quality, lack 
of penetration into the lower layers of water, the impact on 
the gases solubility and toxicity of the dyes or materials 
resulting from their degradation are such factors 
threatening the environment (Boyd, 2019). Therefore, 

elimination of dyes from textile dyeing effluents currently 
represents a major ecological concern. Chemical methods 
of wastewater treatment are generally expensive and have 
limited effectiveness with creating a lot of waste materials, 
eliminating of which is a new problem (Wu et al., 2011; 
Crini and Lichtfouse, 2019). Microorganisms are a good 
alternative for treating contaminants such as synthetic dyes 
due to genetic and metabolic diversity because many of 
them, such as a variety of gram positive and negative 
bacteria, fungi, etc., are capable to decolorize synthetic 
dyes (Dangi et al., 2019; Lellis et al., 2019). Thus, 
bioremediation is very important because of low cost, no 
damage to the nature and small amount of waste products 
(Alalewi and Jiang, 2012; Vikrant et al., 2018). Effluents 
of many textile mills of Iran are discarded to the deserts 
and saline lands because of their geographical location. 
The structure of many dyes contains toxic metals such as 
chromium that are released to the wastewater during 
dyeing and soluble salts such as sodium chloride and 
potassium chloride are also used in the process of dyeing. 
Thus, bioremediation in saline soils is associated with 
many problems due to the harsh conditions in these areas، 
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and the only microorganisms are capable of solving it that 
can withstand the harsh conditions and grow and operate 
in which. Therefore, the use of halophilic and halotolerant 
bacteria is considered as a good choice for treating such 
effluents because halophilic and halotolerant bacteria show 
high tolerance in harsh environmental conditions such as 
high content of salt and pollutants such as heavy metals 
and oxyanions. Halophilic and halotolerant bacteria have 
shown great success in bioremediation of contaminants 
from oil and toxic oxyanions (Solís et al., 2012; Ghodake 
et al., 2011; Romano-Armada et al., 2020). Thus, the aim 
of this study was to evaluate the use of microorganisms 
isolated from industrial textile effluents in the Gorgan and 
Gonbad cities in Golestan province, Iran for the removal of 
different synthetic dyes. 

2. Materials and methods 

2.1. Bacteria isolation and identification 

In this study, 86 samples from different devices and 
final effluent of textile factories in Gorgan and Gonbad, 
Iran were collected and transported to the laboratory under 
sterile conditions. Then, 10 mL of each sample was added 
to 100 mL of Tryptic Soy Broth medium (Merck, 
Germany) and were incubated for 24 h at 37°C. Then, the 
bacteria were identified as conventional microbiological 
methods (Mahon et al., 2018; Murray et al., 2020).  

2.2. PCR-Based-Sequencing  

After the extracted purified genomic DNA, PCR was 
performed to amplify tuf gene using forward primer of 5'-
GCCAGTTGAGGACGTATTCT-3' and reverse primer of 
5'-CCATTTCAGTACCTTCTGGTAA-3'.  

The amplification reaction was done in 25 μL 
containing 10 pmol of each primer, dNTP in 2.5 mM, 0.6 
U of Taq polymerase, 2.5 μL of the DNA template and 15 
mM MgCl2 buffer. The time and temperature cycle of 
thermocycler was as 15 minutes at 95 °C, then 35 cycles as 
30 seconds at 95°C, 30 seconds at 56 °C and 45 seconds at 
72 °C; and finally, 72 °C for 10 minutes (MyCycler 
Thermal Cycler, Bio-Rad, Munich, Germany) (Hwang et 
al., 2011). Amplified products were pooled and purified 
were purified from agarose gel, and then they sequenced 
by a national instrumentation center for environmental 
management, South Korea (NICEM). Sequenced 
alignments were analyzed by the Basic Local Alignment 
Search Tool (BLAST) program and submitted to National 
Center Biotechnology Information (NCBI). 

2.3. Dye discoloration 

Dyes were sterilized by 0.45 micro-filter and then were 
added to Tryptic Soy Broth medium. Then, the purified 
strains were added to the culture medium tubes containing 
10 mL of decolorizing medium (containing 0.5 g of 
glucose, 2.5 g yeast extract and 5 mg dye in 100 mL). The 
tubes were inoculated with 1% bacteria (opacity of 0.5 

McFarland) and incubated at 37°C. Five different dyes 
(Sudan Black, Methyl Red, Malachite Green, Rhodamine 
B and Brilliant Cresyl Blue) were used (R Rohban et al., 
2009). Sudan Black (C29H24N6) is a non-fluorescent, fat-
soluble and thermostable azo dye that is used for staining 
neutral triglycerides, lipids and some lipoproteins. It seems 
as a dark brown to black powder with the maximum 
absorption at 596-605 nm and melting point of 120-124 
°C. Methyl Red (2-(N,N-dimethyl-4-aminophenyl) 
azobenzenecarboxylic acid) that is also called as C.I. Acid 
Red 2 is an indicator dye that turns red in acidic solutions. 
Methyl Red is an azo dye as dark red crystalline powder. 
Methyl Red is a pH indicator. Malachite Green is an 
organic compound that is used as a pigment and is used as 
an antimicrobial agent in aquaculture controversially. It is 
commercially used for staining materials such as silk, 
leather and paper. Among the 19 isolated strains, the 5 
strains were able to decolorize that were selected based on 
the degree of decolorizing. All strains were investigated 
separately at the effect of different temperature (25, 37 and 
50°C), different initial dye concentration (100, 200 and 
300 mg/L) and different pH (4, 6 and 8) on dye 
discoloration was assessed. All experiments were 
performed two times and mediums with dyes and non-
inoculated mediums with dyes used as a blank. Due to the 
lack of decolorizing on Rhodamine B and Brilliant Cresyl 
Blue, these two dyes were deleted, and the process was 
continued with three other dyes (Rohban et al., 2009). 

2.4. Determination of dye discoloration 

The maximum absorption wavelength of each dye 
determines by the spectrophotometer in the range of 200 to 
800 nm. Then it was plotted the chart of each dye 
according to the amount of absorption in the wavelength of 
maximum absorbance and concentration of dye in the 
medium. Absorption of each dye in the wavelength of 
maximum absorption was measured, and the percentage of 
discoloration was calculated in accordance with the 
following formula (Pathak et al., 2014; Rahimi et al., 
2016).  

Percentage of discoloration: (The obtained OD - The 
initial OD)/ initial OD × 100 

3. Results 

Based on biochemical tests and molecular methods, 
some species of Pantoea genus and Gram-positive cocci, 
Enteroccus faecium were identified (Table 1).  

The percentages of discoloration in samples of Methyl 
Red, Sudan Black and Malachite Green dyes based on the 
absorption at 340 nm for different initial dye 
concentrations, temperatures and pHs are shown in Tables 
2, 3 and 4, respectively. The highest discoloration 
percentages for all the tested dyes were attained for acidic 
to neutral pH values and room temperature (25ºC) and 
37ºC. 
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Table 1. Identification of species of Pantoea genus and Gram-positive cocci, Enteroccus faecium 

No. Sequencing Result BLAST 

1 

CCATCCAAACCCCACGCCACAAAAAGCACCTTGGCCGCGAGTATAAGAAAGCCTT
CGGGTTGTAAAGTACTTTCACCGGGGAGGAAAGCGATGGGGTTAATAGCCCCTTT
TATTGACGTGACCCGCAAAATAATCCACGCTAACTCCGCTGCCTACAACCTCGGT
AACTTTTATAAGGTGCCGGCTGTTCTTGACAACTTTCGGCGGGGTCGTGCACGCTC
GTGCTCCTGCTTCGATTCAATCTACACTTCCCCAATCTAAACGTAAGTTTACCTTTT
ACTTTAGACTAGGGTGGACCTCCACCCCATTCTTCAATACTACCGCCCACACTCCT
ATCTTCCATACTACTCACGTAACTCGTGTTTTTAACTTACTACAGGACTTGATGAT
GGATCTTTAACTTACTAGACCTAATCGCAACCTCAAGTTTAATTTAAATTCATCAT
ATCCTTCTCTTTTAAAATTTCTTCTCTGTCTCTTCATTTTCCACCGTCATTCCTTCTT
TCA 

Pantoea sp. 

2 

AAATTGGCGGGACTGTTGCTACAGGTCGTGTTGACGTGGACAAGTTCGCGTTGGT
GACGAAGTTGAAGTTGTTGGTATTGCTGAAGAAACTTCAAAAACAACAGTTACTG
GTGTTGAAATGTTCCGTAAATTGTTAGACTACGCTGAAGCTGGAGACAACATTGG
TGCTTTACTACGTGGTGTTGCACGTGAAGACATCCAACGTGGACAAGTTTTAGCTA
AACCAGGTACAATCACACCTCATACAAAATTCTCTGCAGAAGTATACGTGTTGAC
AAAAGAAGAAGGTGGACGTCATACTCCATTCTTCACTAACTACCGTCCACAATTC
TACTTCCGTACAACTGACGTAACAGGTGTTGTTGAATTACCAGAAGGTACTGAAA
TGGAAAAGGAAAAATTAGGGAAAAGATTTTTTTTTTTTAATTATAA 

Enterococcus faecium 

3 

AATTGGGGGGGTCTGTTGCTACGGTCGTGTTGACGTGGACAAGTTCGCGTTGGTG
ACGAAGTTGAAGTTGTTGGTATTGCTGAAGAAACTTCAAAAACAACAGTTACTGG
TGTTGAAATGTTCCGTAAATTGTTAGACTACGCTGAAGCTGGAGACAACATTGGT
GCTTTACTACGTGGTGTTGCACGTGAAGACATCCAACGTGGACAAGTTTTAGCTA
AACCAGGTACAATCACACCTCATACAAAATTCTCTGCAGAAGTATACGTGTTGAC
AAAAGAAGAAGGTGGACGTCATACTCCATTCTTCACTAACTACCGTCCACAATTC
TACTTCCGTACAACTGACGTAACAGGTGTTGTTGAATTACCAGAAGGTACTGAAA
TGGAAGGAGGTTGTTAACTTATCAGGAGGGCCCGTGAGTGGAAC 

Enterococcus faecium 

Table 2. Discoloration percentage of Methyl Red at different initial dye concentrations, temperatures and pH values by E. faecium and 
Pantoea sp. 

Dye The initial 
concentration 
(mg/L) 

pH 25 °C 37 °C 50 °C 

Enterococcus Pantoea Enterococcus Pantoea Enterococcus Pantoea

Methyl 
Red 

100 4 4.3% 12.06% 4.3% 9.04% 0.00% 2.51%

6 9.1% 26.02% 7.3% 28.31% 0.00% 0.00%

8 43.99% 9.02% 1.34% 11.45% 0.00% 0.00%

200 4 14.33% 16.57% 13.16% 26.28% 0.00 18.85%

6 54.43% 49.22% 12.11% 45.87% 0.00 15.93%

8 65.78% 49.74% 28.62% 42.21% 28.22% 0.00%

300 4 0.00% 14.09% 0.00% 14.09% 0.00% 0.00%

6 0.00% 9.55% 0.00% 9.55% 0.00% 0.00%

8 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

Table 3. Discoloration percentage of Sudan Black at different initial dye concentrations, temperatures and pH values by E. faecium and 
Pantoea sp. 

Dye The initial 
concentration 
(mg/L) 

pH 25 °C 37 °C 50 °C 

Enterococcus Pantoea Enterococcus Pantoea Enterococcus Pantoea

Sudan 
Black 

100 4 26.08% 0.00% 29.34% 0.00% 5.34% 0.00%

6 28.88% 18.85% 37.03% 22.13% 0.00% 0.00%

8 44.67% 35.29% 46.19% 39.70 % 19.79% 8.08%

200 4 24.21% 0.00% 0.00% 0.00% 24.21% 0.00%

6 49.96% 28.99% 0.00% 34.31% 32.10% 0.00%

8 43.60% 13.18% 0.00% 18.13% 43.12% 0.00%

300 4 7.3% 0.00% 7.3% 0.00% 7.1% 0.00%

6 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

8 43.25% 0.00% 23.41% 0.00% 0.00% 0.00%
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Table 4. Discoloration percentage of Malachite Green at different initial dye concentrations, temperatures and pH values by E. faecium and 
Pantoea sp. 

Dye The initial 
concentration 
(mg/L) 

pH 25 °C 37 °C 50 °C 

Enterococcus Pantoea Enterococcus Pantoea Enterococcus Pantoea

Malachite 
Green 

100 4 5.6% 0.00% 0.00% 0.00% 0.00% 0.00%

6 22.33% 0.00% 26.21% 0.00% 2.9% 0.00%

8 41.84% 0.00% 42.55% 0.00% 41.84% 0.00%

200 4 2.81% 8.6% 0.00% 10.75% 0.00% 7.52%

6 0.00% 8.8% 0.00% 12% 0.00% 8.8%

8 25.73% 71.53% 44.85% 18.13% 25% 0.00%

300 4 0.00% 7.05% 0.00% 9.4% 0.00% 9.4%

6 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

8 28.08% 73.87% 32.87% 73.87% 32.19% 0.00%

3.1. Effect of pH on dye discoloration 

The highest decolorizing percentage of Methyl Red and 
Malachite Green for both bacteria (i.e. Pantoae sp. and E. 
faecium) was attained at pH 8.  As for Sudan Black, the 
highest discoloration was achieved at pH 8 for Pantoea sp. 
and at pH 6 for E. faecium. 

3.2. Effect of temperature on dye discoloration 

The highest decolorizing percentage of Methyl Red for 
both bacteria was attained at 25°C, whereas for Sudan 
Black it occurred at 37ºC for Pantoea sp. and at 25ºC for 
E. faecium. As for Malachite Green, highest discoloration 
was achieved at 37 °C for E. faecium and at 25 °C and 37 
°C for Pantoea sp. 

3.3. Effect of initial dye concentration on dye 
discoloration 

Both bacteria showed the highest Methyl Red 
discoloration at a concentration of 200 mg/L. The highest 
Sudan Black discoloration was attained at 100 mg/L for 
Pantoea sp and at 200 mg/L for E. faecium whereas 
Malachite Green was highest decolorized at the 
concentrations of 200 mg/L and 300 mg/L for E. faecium 
and Pantoea sp., respectively. 

3.4. Effect of bacteria type on dye discoloration 

According to the results obtained, both E. faecium and 
Pantoea spp. showed high ability in dye discoloration at 
25 and 37 °C, initial dye concentrations of 200-300 mg/L, 
and pH values from slightly acidic to neutral. But E. 
faecium decolorized Sudan Black by 19.79% at an initial 
dye concentration of 100 mg/L, pH=8 and 50 °C. It also 
had discoloration ability in the concentration of 200 mg/L 
at 50 °C and pH of 4, 6 and 8 to the extent of 24.21%, 
32.10% and 43.12%, respectively. Methyl Red was 
decolorized at a temperature of 50 °C and pH=8 by 
28.22% and Malachite Green was decolorized at three 
initial dye concentrations (100, 200 and 300 mg/L) at 
pH=8 and a temperature of 50 °C by 41.84%, 25% and 
32.19%.  

4. Discussion 

Azo dyes are the largest group of synthetic dyes that 
are about 60-70% of all organic dyes in the world. These 
dyes have a great performance and are used in various 
industries such as textile, pharmaceutical and cosmetics 

industries, as well as food, paper, leather and painting 
industries. However, the negative aspects of these dyes and 
the risks may have for human health and the environment 
are not considered more and this may cause the disorder in 
nature in the not-too-distant future. Based on the findings 
of this study, the highest amount of discoloration was 
observed by Pantoea sp. bacterium on Malachite Green 
(73.87%) followed by E. faecium on Methyl Red 
(65.78%). The amount of discoloration on Sudan Black by 
E. faecium (49.96%) was higher than by Pantoea sp. 
(39.7%).  

Enterococcus bacteria had the highest discoloration of 
Methyl Red at the concentration of 200 mg/L, the pH of 8 
and 6, as the 65.78% and 54.43%, respectively. It had the 
highest discoloration on Sudan Black at the concentration 
of 200 mg/L, pH=6 to the 49.96%; and so, the 
discoloration of 44.85% was for Malachite Green at the 
concentration of 200 mg/L and pH=8. Overall, this study is 
consistent with other studies more closely and found that 
the experimental conditions of discoloration are almost 
identical for the isolated strains. The five dyes used in this 
study were isolated from the 19 strains, and two strains 
were not capable of decolorizing at experimental 
conditions including Rhodamine B and Brilliant Cresyl 
Blue in comparison with remaining three dyes of Methyl 
Red, Sudan Black and Malachite Green.  

Adsorption and/or degradation are the two mechanisms 
responsible for dye decolorization by microorganisms 
(Ohadi et al., 2020; Ghazvini et al., 2016). 

Due to the fact that the studies so far had wide variation 
in the type of dyes used for discoloration, the varying 
metabolic functions of the different bacterial isolates, and 
diversity of microbial species in the process of 
discoloration، so the model described by other researchers 
may be different from each other؛ but all showed a positive 
trend for these activities in laboratory and research scale 
processes. Mujtaba Ali and her colleague in 2014 revealed 
that the ability of discoloration on crystal violet occurred 
with better percentage by Pseudomonas aeruginosa, 
Clostridium perfringens and Proteus vulgaris in the 
presence of organic compounds compared with inorganic 
compounds (Ali and Akthar, 2014).  

In the present study, the presence of organic 
compounds was considered in the wastewater by default. 
Despite the difference in the type of dyes used and the type 
of decolorizer microorganisms, the decolorizing capability 
of bacterial strains will not be inevitable. Aftab et al. 
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performed a research in Pakistan in 2011 to study the 
ability of Corynebacterium sp. for discoloration and 
degradation of Reactive Black 5 and Yellow 15 dyes to the 
concentration of higher than 10 mg/ml and observed the 
growth of bacteria at 37 °C and pH=7. Corynebacterium 
indicated high azoreductase activity against Reactive 
Black 5 (68%) and Reactive Yellow 15 (80%) (Aftab et 
al., 2011).  

The amount of discoloration in any of the 
microorganisms tested during both studies reached 80 
percent in special circumstances, which shows high 
degradation power on dyestuff by some microbes.  

Discoloration performed at lower concentrations 
follows first-order kinetics and high concentrations have 
second-order kinetics. The calculated rate constants for 
lower concentrations show higher values. Evaluation of 
different results shows that different strains of 
Pseudomonas have various abilities for degradation of azo 
dyes in different concentrations which can be used based 
on the components and concentration of colors.  

It is also the results of discoloration of azo dye of Acid 
Orange by Staphylococcus hominis RMLRT03 in the soil 
around the textile factories in Bushnell Haas medium 
(BHM) were showed that the bacterial strains were found 
by 16S rDNA sequence as Staphylococcus hominis. This 
strain of bacteria along with glucose supplement and yeast 
extract as an ancillary substrate shows good discoloration 
in terms of stillness. Optimal conditions for discoloration 
of Acid Orange by Staphylococcus hominis RMLRT03 
was pH=7.0 and temperature of 35 °C in 60 hours’ 
incubation. This bacterial strain can withstand high 
concentrations of Acid Orange dye to more than 600 mg/L. 
High discoloration activity under natural environmental 
conditions shows that bacterial strains have practical 
application in the treatment of wastewater containing dyes 
(Singh et al., 2014). 

In the other study in India isolated Pseudomonas 
bacteria from soil contaminated quickly was decolorized 
the Methyl Orange azo dye solution. This bacterium has a 
remarkable discoloration in a wide range of concentrations 
of dye (50 to 200 mg/L) and pH (6-10) and temperature 
(30-40 °C). In addition, Pseudomonas spp. demonstrated 
discoloration of Methyl Orange for more than four cycles 
with high discoloration (10-94%) (Shah et al., 2013). 

Another study has performed to discoloration and 
decomposition of azo dye of Remazol Black B by new 
strains of Pseudomonas putida in India. Results showed 
that the pH=7.0 and temperature of 35 °C was optimal 
conditions for discoloration because the maximum 
discoloration has been observed only in these conditions. 
The amount of 5 g/L glucose in the culture medium also 
showed maximum discoloration. The new isolate has 
grown well in high concentrations of dye (300 mg/L) and 
has had 97.12% discoloration during 48 hours, and it also 
withstands concentrations over 1000 mg/L dye. P. putida 
colorless cells and UV-visible spectroscopy analysis 
suggested that discoloration activity of bio-decomposition 
is not just through disabling adsorption. The above results 
showed that this bacterial strain can be used in biological 
treatment of textile wastewater under optimal conditions 
(Kannan et al., 2013). Haidari-kashl et al. (2013) had 
performed a kinetic and comparative study on microbial 
degradation of azo dyes by P. aeruginosa and P. putida. In 
this study, four azo dyes including Acid Blue 113 (AB-

113), Basic Red 46 (BR-46), Direct Blue 151 (DB- 151), 
Direct Brown (DB-2) and a mixture of these four colors 
(Mix) were investigated for biodegradation by P. 
aeruginosa and P. putida at pH=7.2 and temperature of 30 
°C. P. aeruginosa has fully decomposed AB-113 dye at all 
concentrations, BR-46 dye at concentrations of 0.1 and 0.2 
g/L and DB-2 dye at concentrations of 0.1, 0.2 and 0.5 g/L. 
P. putida has completely decomposed the AB-113 dye at 
concentrations of 0.1 and 0.2 g/L and DB-2 dye in 
concentrations of 0.1 and 0.2 g/L. Also, a mixture of four 
dyes was degraded at a concentration of 0.1 g/L by P. 
putida. Discolorations performed at lower concentrations 
follow first-order kinetics and high concentrations follow 
second-order kinetics. The calculated rate constants for 
lower concentrations show higher values. Evaluation of 
different results showed that different of Pseudomonas 
strains have various abilities in decomposition of azo dyes 
in different concentrations which could be used based on 
components and concentrations of dyes (haidari kashl et 
al., 2013). 

Kumar et al. (2012) have examined discoloration of 
Red 3BN azo dyes by Bacillus cereus and Bacillus 
megaterium in ZZ Medium in India. Physico-chemical 
parameters such as carbon sources, nitrogen sources, 
temperature, pH and volume of injection for discoloration 
process were optimized by changing one of these 
parameters at a time. Optimal conditions for B. cereus was 
1% sucrose, 25% peptone, pH=7, 37 °C and 8% 
inoculation and for B. megaterium was 1% glucose, 0.25% 
yeast extract, pH=6, 37 °C and 10% inoculation. 
Enhancement of discoloration under the above conditions 
was 93.64% for B. cereus and 96.88% for B. megaterium 
(Kumar and Bhat Sumangala, 2012). 

Regarding the wide range of dyes with different 
structures, wastewater can mainly contain highly variable 
combinations. Currently, conventional treatment systems 
to remove dyes are available which are primarily 
dependent on the chemical and physical principles. In 
these ways, a large amount of sludge is produced due to 
the use of high levels of chemicals, so dyes do not 
disappear completely, and this is administratively difficult 
and costly. Thus, new approaches of microbial 
discoloration are economically efficient; they are also very 
valuable in terms of contribution to the health of the 
environment. In the past two decades, it has been 
performed considerable works aimed at using 
microorganisms as cleaning agents for environmental 
pollutants from dyeing wastewater of textile mills. 
According to the results obtained and the ability of 
bacteria isolated from decomposition of dyestuff in 
wastewater، optimization of conditions for the use of these 
microorganisms or the same microorganisms in biological 
purification in wastewater containing industrial dyes can 
be an effective help in this process and reuse of reversible 
waters. Therefore, applicable and targeted studies on 
strains such as Enterococcus, Pantoea or other microbial 
species can help in achieving this importance in the long 
run. Therefore, these studies highlight prospect for the 
authorities of economically feasible, environmental-
friendly, effective and worthwhile approaches for 
treatment of textile industry waste waters. The principal 
benefit to use of bacteria is that they are easy to culture 
and can grow more rapidly as compared to other microbes. 
Future study is expected to focus in this significant area of 
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microbial sciences to solve industry’s environmental 
problems. 

5. Conclusion 

Our observations emphasizes that Enterococcus and 
Pantoea as bioremediation have a good efficiency to 
remove toxic and cationic Malachite Green and azo dye of 
Methyl Red. Bacteria can be used in the full-scale textile 
wastewater treatments as bioaugmentation, decolorization, 
degradation and effectively and economically treat non-
biodegradable and toxic wastewaters. Nevertheless, more 
investigate is required to authenticate the process with 
particular interest. 
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Abstract  

This work was conducted to evaluate the phenotypic and phylogenetic diversity of 48 rhizobial strains. All 
rhizobial strains exhibited a broad tolerance to salinity and pH. In general, they grew well at 28°C and 37°C but poorly at 
4°C and 45°C. The rhizobial strains showed an array of antibiotic sensitivity patterns. The numerical (UPGMA) analysis of 
phenotypic traits and the phylogenetic tree of concatenated housekeeping genes produced highly similar results. 
Phylogenetic analysis of recA and glnII showed that all the isolates were affiliated to the genus Sinorhizobium, but belong to 
two distinct groups: Group I, originating in Ghardaïa, was close to the species S. meliloti and S. kummerowiae. Group II, 
originating in Ouargla and El Oued, clustered separately from sequences of known Sinorhizobium species, which suggests 
they could be a new lineage. The classifications resulting from the nodC gene reflect host specificity, while phylogeny based 
on chromosomal genes is independent of the host plant. Based on the studies documented in the literature, the genetically 
characterized rhizobial strains can be used as an effective inoculant for the improvement of forage yields in Saharan regions.  

Keywords: Abiotic stress, phylogeny, alfalfa, rhizobia, arid environment. 
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1. Introduction 

Alfalfa (Medicago sativa) is one of the oldest forage 
crops and contributes immensely to world food production 
(Massimi et al., 2017). It is vital due to its high protein 
content, high biomass yield, excellent nutritive value and 
high digestibility. It is widely planted throughout the 
world, especially in the arid and semi-arid areas (Zhang 
and Wang, 2015). This forage crop provides fixed nitrogen 
to agricultural ecosystems and reduces dependence on 
synthetic N fertilizers (Mouradi, 2016; Ahmad et al., 
2016). However, in adverse conditions such as high 
salinity and drouth, the survival of rhizobia is greatly 
affected (Domínguez-Ferreras et al., 2006) and therefore, 
nodulation and effectiveness in alfalfa can be significantly 
reduced (Brígido et al., 2013; del Pozo et al., 2017; Azib 
et al., 2020). 

Very little is known about the diversity of rhizobial 
strains nodulating Saharan varieties of alfalfa, despite the 
alfalfa-sinorhizobia symbiosis being one of the best 
studied plant-microorganism interactions. So far, only two 
closely related species are known to be able to nodulate 
alfalfa: Sinorhizobium meliloti and S. medicae (Tabares-da 
Rosa et al., 2019).  

The development of polyphasic taxonomy (phenotypic, 
genotypic and phylogenetic characteristics) and the use of 

16S rRNA as a taxonomic marker has led to many changes 
in the taxonomy of rhizobia (Zakhia and de Lajudie, 
2006). A highly conserved gene like 16S rRNA is not 
suitable for the discrimination of closely related 
Sinorhizobium (or Ensifer) species (Martens et al., 2007). 
To overcome these limitations, the multilocus sequence 
analysis (MLSA) of several protein encoding 
housekeeping genes (atpD, recA and glnII, etc.) has been 
suggested as alternative phylogenetic markers 
(Stackebrandt et al., 2002).  

The aim of this study was to investigate phenotypic and 
genotypic diversity of 48 strains nodulating alfalfa in 14 
Algerian Saharan sites affected by salt and drought. 
Firstly, phenotypic characterization for tolerance to 
salinity, temperature, pH and antibiotics was assessed; 
secondly, housekeeping genes recA and glnII, and 
symbiotic gene nodC were used to establish phylogeny of 
these strains. 

2. Materials and methods 

2.1. Nodule collection and isolation of rhizobia 

During the period from February to March of 2014, 
root nodules of alfalfa plants were collected from 14 sites 
(Table 1) and rapidly dried and kept in tubes containing 
desiccant according to the method described by 
Somasegaran and Hoben (1985). 
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Desiccated nodules were rehydrated before 
sterilization. Nodules were placed in small beakers with 
clean cool water and left in the refrigerator to soak 
overnight. Then, they were surface sterilized with 95% 
ethanol for 10 seconds, and transferred to 3% (v/v) 
solution of sodium hypo-chlorate for 3-4 minutes. The 
surface sterilized nodules were then rinsed in five changes 
of sterile distilled water to completely rinse the sterilizing 
chemicals (Somasegaran and Hoben, 1985).  

The rhizobia were isolated following the standard 
method on yeast extract mannitol medium (YEM) 
(Vincent, 1970). Each nodule was crushed in a drop of 
sterile distilled water and suspension was streaked onto 
YEM Agar. Bacterial colonies appeared after incubation at 
28°C for 3-5 days. A single representative colony, for each 
sample, was restreaked on freshly prepared YEM plates in 
order to obtain pure cultures. 

Table 1. Site description, and strain names, location, type of climate, soil type, salinity of irrigation water and year of sampling.  

Site Station Strains Geographical 
position 

Soil texture Salinity of 
irrigation water 
(g/l)* 

Period of  

sampling 

O
ua

rg
la

 

Hassi Ben 
Abdallah 

O114, O144, O152, 
O172 

Lat. 32°00’77’’N 

Long. 5°46’27’’E 

 

Sandy 

 

 

 

2 to 42 to 4 

2 to 4 

 

2 to 4 

February 2014 

 

Oum Erraneb O211, O213, 

O223 

Lat. 32°05’03’’N 

Long. 5°34’46’’E 

February 2014 

 

ITAS O313, O321, O344 Lat. 31°94’11’’N 

Long. 5°29’54’’E 

March 2014 

Chott Ain 
Beida 

O413, O422, O434, 
O442, O452, O461 

Lat. 31°97’76’’N 
Long.5°38’96’’E 

March 2014 

G
ha

rd
aï

a 

Daya Ben 
Dahoua 

G131, G132, G122, 
G124 

Lat. 32°53’53’’N 

Long. 4°40’35’’E 

 

 

Sandy 

 

 

 

1 to 41 to 1.5 

1 to 1.5 

1 to 1.5 

1 to 1.5 

March 2014 

 

Mansoura G211, G241, G242 Lat. 31°98’25’’N 

Long. 3°57’52’’E 

March 2014 

 

Oued Laroui G312, G315, G321 Lat. 32°57’01’’N 

Long. 3°62’86’’E 

March 2014 

 

Sebseb G42, G422, G424, 

G431, G432 

Lat.32°17’01’’N 

Long. 3°57’52’’E 

March 2014 

 

Guerrara G514, G522 Lat.32°67’89’’N 

Long. 4°73’77’’E 

March 2014 

 

E
l O

ue
d 

Tenedla E114, E131, E141 Lat.33°67’58’’N 

Long.6°03’72’’E 

 

Sandy 

 

 

 

2 to 62.5 to 6 

2 to 6 

2 to 4 

 

2 to 4 

April 2014 

El-Meghaier E213, E222, E251 Lat.33°56’25’’N 

Long. 5°92’71’’E 

April 2014 

Djamaa E353 Lat.33°52’30’’N 

Long.6°02’32’’E 

April 2014 

Guemmar E414, E421, E432, 
E441, E452 

Lat.33°51’07’’N 

Long.6°78’26’’E 

April 2014 

Reguiba E52, E532, E543 Lat.33°56’25’’N 
Long. 6°71’74’’E 

April 2014 

*: values taken from OSS (2003).

2.2. Nodulation tests 

All the cultures obtained were tested for nodulation in 
the host plant Medicago sativa (Alfalfa). Isolates were 
used to inoculate surface sterilized alfalfa seeds growing in 
tubes containing Jensen’s N-free agar medium (Jensen and 
Hauggaard-Nielsen, 2003) and evaluated after six weeks 
according to presence or absence of nodules (Gibson, 
1980). The experiment was conducted in a plant growth 
chamber with 16/8 h day/night and 22°C. 

Two day old seedlings were transferred into test tubes 
(15 cm  2 cm) with one seedling per tube, containing 10 
ml of agar slant medium and inoculated with 1 ml of 
standardized bacterial suspension (OD600nm of 0.9).  

2.3. Phenotypic characterization  

Isolates that induced nodulation in alfalfa were used in 
this study. Two closely related Sinorhizobium meliloti 
strains, Sm1021 and Sm2011 received from Dr. Helene 
Berges, Plant Genomic Center (CNRGV, INRA-France), 
were used as reference strains.  

The tolerance of isolates to NaCl was tested by using 
YEM supplemented with 1.7, 40, 80, 160, 320, 640 and 
1280 mM NaCl. The tolerance to pH was assessed by 
adjusting the pH to 4.0, 5.0, 6.0, 6.8, 8.0 and 9.0 through 
the addition of acid or base to the YEM (Vincent, 1970). 
Isolates were examined for tolerance to temperature by 
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incubating at 4, 28, 37 and 45°C as described by Niste et 
al. (2015).  

The resistance to ten antibiotics (µg/disc): fusidic acid: 
10 µg (FA), amikacin: 30 µg (AK), amoxicillin: 25 µg 
(AMX), chloramphenicol: 30 µg (C), colistin: 10 µg (CS), 
erythromycin: 15 µg (E), kanamycin: 30 µg (K), penicillin: 
6 µg (P), spiramycin: 100 µg (SP) and vancomycin: 30 µg 
(VA), was tested on YEM plates by adding antibiotic discs 
on the surface of the agar.  

The growth was recorded after 72 h of incubation at 
28°C in liquid YEM by measuring the OD at 600 nm (Wei 
et al., 2004) and on solid YEM by counting the colonies 
appearing on the plates. Tests tubes containing 10 ml of 
liquid YEM were inoculated with 0.1 ml of a fresh culture 
of each isolate and incubated under shaking (200 rpm). On 
solid YEM, supplemented with 1.5% agar, inoculation is 
carried out by streaking on Petri plates (Vincent, 1970; 
Somasegaran and Hoben, 1985). 

2.4. DNA extraction and PCR amplification and 
purification 

Total genomic DNA of the isolates was extracted using 
DNeasy® Blood and Tissue Kit columns in accordance 
with the manufacturer's protocol (QIAGEN Ltd.) from 
cells grown for 3 days in yeast extract mannitol broth 
(YMB) at 28°C under shaking (200 rpm). After extraction, 
the DNA was quantified to determine its approximate 
quantity and relevance for further analysis using agarose 
gel electrophoresis.  

Housekeeping genes glnII and recA, and symbiotic 
gene nodC were amplified by PCR using the following 
primers: GSII-1F (5’-AACGCAGATCAAGGAATTCG-
3’) and GSII-4R (5’-GCGACGATCTGGTAGGGGT-3’) 
(Turner and Young, 2000); recA_41F (5’-
TTCGGCAAGGGMTCGRTSATG-3’) and recA_640R 
(5’-ACATSACRCCGATCTTCATGC-3’) (Vinuesa et al., 
2005); nodC_for540 (5’-
TGATYGAYATGGARTAYTGGCT-3’) and 
nodC_rev1160 (5’-CGYGACARCCARTCGCTRTTG-3’) 
(Sarita et al., 2005). The quantity of DNA was determined 
by using a NanoDrop spectrophotometer (NanoDrop 
ND1000). The PCR reaction was carried out in a 25 µl 
volume containing 2.5 µl 10×Standard Reaction Buffer 
with MgCl2 (Biotools), 2 µl DNA, 1 µl Taq DNA 
polymerase (Biotools), 0.5 µl dNTP, 1 µl of each primer 
and 17 µl of distilled water. 

The thermal program for PCR reactions of glnII and 
recA was carried out at 95oC for 90s; 35 cycling times at 
95oC for 45s, 55oC for 45s and 72oC for 2min and a final 
cycle was 72oC for 7min. For nodC, it was at 95oC for 
3min; 35 cycling times at 94oC for 1min, 55oC for 1min 
and 72oC for 2min and a final cycle was 72oC for 7min. 
Unincorporated primers and dNTPs were removed from 
PCR mixes with PCR Clean-up (Macherey-Nagel). PCR 
products were verified by electrophoresis in 1% agarose 
gel submerged in TBE buffer (Del Papa et al., 1999) and 
visualized with a Gel Doc EZ system (Bio-Rad). 

Sequencing reactions were outsourced to Stabvida 
(Lisbon, Portugal). 

2.5. Phylogenetic analysis 

The quality of the sequences was checked and edited 
manually using BioEdit 7.2.5 (Hall, 1999) and 
automatically using DNA Baser Assembler v4.36.0 (2013) 
(Heracle BioSoft, http://www.DnaBaser.com).  

Initially, a blast search (Altschul et al., 1990) 
conducted using the National Center of Biotechnological 
Information (NCBI) website was carried out for 
preliminary identification and recA, glnII and nodC gene 
sequences of the reference species related to our strains 
were downloaded. The phylogenetic analyses were 
performed using MEGA 6.06 software (Tamura et al., 
2013). A neighbor-joining tree was constructed using the 
Kimura two-parameter model of evolution (Kimura, 1980) 
and support of internal branches was assessed using 1000 
bootstrap replications. 

2.6. Statistical analysis 

The phenotypic characters results were analyzed by 
utilizing XLSTAT software (version 2016.02.28451). 
Bacterial growth in liquid medium was subjected to 
analyses of variance (ANOVA) and treatment means 
compared using Tukey’s HSD (honest significant 
different) test. Numerical analysis of phenotypic traits was 
evaluated by UPGMA algorithm to infer a dendrogram on 
the basis of growth (+) or no growth (-) for each of the 
isolate in solid medium.  

3. Results 

3.1. Morphologic characterization and authentication  

After 3 days of incubation at 28°C, all isolates formed 
visible colonies on YEM Agar medium. Colonies were 
whitish and translucent, varying in diameter from 1 to 3 
mm, circular, convex, with a regular outline and a smooth 
surface. Furthermore, the isolates formed nodules on the 
roots of alfalfa plants six weeks after inoculation. 

3.2. Phenotypic characterization 

The results show that all strains exhibited a broad 
spectrum of tolerance to salinity. All strains were able to 
grow in the presence of 1.7 mM to 640 mM NaCl (Table 
2). In contrast, no strain grew at 1280 mM NaCl. It is 
worth mentioning that tolerance to a given concentration 
of NaCl does not necessarily mean good growth of the 
strains. Analysis of variance shows significant differences 
between the salt concentrations of 80, 160, 320 and 640 
mM with the average growth of the strains decreased with 
increasing salt concentrations (Figure 1a).  

At low salinities (1.7 and 40 mM), strains G132 and 
G424, from Ghardaïa, had the best growth. At 80 and 160 
mM, strains O152, O211 and E141 from Ouargla and El 
Oued were the most resistant. At the highest 
concentrations, the E543 and E452 strains from the El 
Oued region performed the best (Table 3). 
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Table 2. Results of strains tolerance to some environmental stress factors and antibiotics. 

 Temperature (C°) pH NaCl (mM) Antibiotic 

Strains 4 

28
 a

n
d

 3
7 

 45
 

4 5 

6 
to

 9
 

1.
7 

to
 6

40
 

12
80

 

 
F

A
 

 
A

K
 

 
A

M
X

 

 C
  

C
S

 

 E
  K
  P
  

S
P

 

 
V

A
 

 

O114 - + - - + + + - - + - - + - - - - + 

O144 - + + - - + + - - + - - + - - - - - 

O152 - + + + + + + - - - - - + - - - + - 

O172 - + - - + + + - - + - + + - + - + + 

O211 - + - - + + + - - + - + + - + - + + 

O213 - + - - + + + - - + - + + - + - + + 

O223 - + - - + + + - + + - + + - - - + - 

O313 - + - - + + + - - - - - + - - - + + 

O321 - + - - + + + - - - - - + - + - + + 

O344 - + - - + + + - - - - - + - + - + + 

O413 - + - + + + + - - + - - + - + - - + 

O422 - + - + + + + - - - - - - - - - - - 

O442 - + - + + + + - - - - - + - - - - + 

O452 - + - + + + + - - - - + + - + - + + 

O461 - + - - + + + - - - - - + - + - + - 

E114 - + - - + + + - - + - - + - + - + + 

E131 - + - - - + + - + + - + + - + - - + 

E141 - + - - - + + - + + - - + - + - + + 

E213 - + - - + + + - + - - - + - + - + + 

E222 - + - - + + + - - + - - + - - - + + 

E251 - + + - + + + - - - - - + - - - - - 

E353 - + - - + + + - - + - + + - - - - + 

E421 - + - - - + + - - + - - + - + - - + 

E432 - + - - - + + - + + - - + - + - + + 

E441 - + - - + + + - + + - - - - + - - + 

E452 - + - - + + + - - - - - - - - - - - 

E521 - + + - + + + - - + - - + - + - + + 

E532 - + + - + + + - - - - - + - + - + + 

E543 - + - - + + + - + + - - + + + - + + 

G131 - + - - + + + - + - + + - + - + - + 

G132 - + - - + + + - - - + + + + - + + - 

G241 - + - + + + + - + - + - - - + + + - 

G242 - + + - + + + - + - + + - + + + + + 

G122 - + - - + + + - + - + - - - - + + + 

G124 - + + + + + + - + - + - - - - + + + 

G211 - + - - + + + - - - + + - + - + - + 

G312 - + + - + + + - - - + + - + - + + - 

G315 - + - - + + + - + - + - - + - + + + 

G321 - + - + + + + - + - + + - + - + + + 

G421 - + + - - + + - + - + + - + - + + + 

G422 - + + - + + + - + - + + - + - + + + 

G424 - + - + + + + - - - + - - - - + + + 

G431 - + - + + + + - + - + - - + - + + + 

G432 - + + + + + + - + - + - - + - + + + 

G514 - + + + + + + - + - + + + + + + + + 

G522 - + + - - + + - - - + + + + - + + + 

Sm1021 + + + - - + + - + - + - + + + + - + 

Sm2011 + + + - - + + - - - + + + + - + - + 

The resistant strains for the different factors were coded as “+” and the sensitive strains as “-”. 
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Growth of rhizobial strains differed with differences in 
pH values. They tolerated alkaline and neutral pH better 
than acidic pH (Figure 1c). The strains were affected by 
excessively acidic pHs and registered growth rates of 
32.43% and 81.63% at pH 4 and 5, respectively. At 
slightly acidic, neutral and alkaline pH, all rhizobial strains 

grew well. The ANOVA test showed significant 
differences between the growths of strains at different pH 
(Figure 1d). Eleven strains (O152, O413, O422, O452, 
G241, G124, G321, G424, G431, G4311 and G514), from 
Ouargla and Ghardaïa, were resistant to pH 4.

Table 3. Selection of strains tolerant to different NaCl concentrations. 

  NaCl Concentrations  

Strains 

1.7 mM 40 Mm 80 mM 160 mM 320 mM 640 Mm 1280 mM 

G132a G132 a O152 a E141 a G241 a E543 a - 

O211ab G424ab O211 a O223 ab E521 a E452 a - 

O114 abc E222 abc O172 ab O172 abc E141 a O461 ab - 

O452 abc G122 abc O223 ab O321 abcd E114 ab O442 abc - 

G321 abcd O152 abcd E222 ab E114 abcd G124 ab E251 abcd - 

O144 abcde O172 abcde E521 ab O313 abcd O313 ab E213 abcde - 

O313 abcde E131 abcde E131 ab G422 abcde O211 abc O144 abcdef - 

For each parameter, the means in the same column followed by the same letter are not significantly different, as determined by Tukey’s 
HSD test at P = 0.05. 

At 28 and 37°C, all strains showed good growth, 
produced visible colonies on solid medium (Figure 1e) and 
high optical densities (OD) (Figures 1f). At 4°C, only the 
two reference strains, Sm2011 and Sm1021, were able to 
grow. Increasing the temperature to 45°C significantly 
reduced growth and only 15 isolates (O144, O152, E251, 
E521, E532, G242, G321, G421, G422, G431, G432, 
G514, G522, Sm2011 and Sm1021) were thermotolerant 
(Table 2). 

The strains showed different resistance profiles to 
antibiotics. They exhibited strong resistance to spiramycin 
100 µg (SP), vancomycin 30 µg (VA) and colistin 10 µg 
(CS), while their resistance was low, but comparable, for 
the other antibiotics (Figure 1b). Strains from Ghardaïa 
and reference strains are, generally, more tolerant to 
antibiotics (61.17% and 65% respectively) than those from 
Ouargla and El Oued that show low levels of resistance 
(around 35% and 43.5%), apart from a few that are 
resistant to a single antibiotic. 

 

 

 

 
Figure 1. Growth of strains under: salinity (a), antibiotics (b), different pH (c, d) and temperatures (e, f) (done at the Saharan Bioresources 
Laboratory of the University of Ouargla, in 2017).
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3.3. Numerical analysis of phenotypic traits 

The 27 phenotypic characters of the strains were used 
to construct a dendrogram using the UPMGA method 
(Figure 2). At about 60% dissimilarity, rhizobial strains 
have been classified into three phenotypic groups. Group 3 
has 29 strains, all from the Ouargla and El Oued regions. 
Group 1 consists of 17 stains exclusively from the 
Ghardaïa region. The two reference strains Sm1021 and 
Sm2011 were in a separate group (group 2), closer to 
group 1 than to group 3. 

 
Figure 2. Dendrogram showing the phenotypic diversity of 48 
strains constructed using the UPGMA method, based on a binary 
matrix of 27 physiological characters.

 

3.4. Phylogenetic analysis 

Forty-eight strains were chosen for the phylogenetic 
examination of housekeeping genes (recA and glnII) and 
the symbiotic gene nodC. Phylogenetic trees were 
constructed for each gene utilizing the Neighbor-joining 
method and Kimura’s two-parameter model. Bootstrap 
analysis was based on 1000 replications. 

3.4.1. Housekeeping gene phylogenies 

Strains were more closely related to S. meliloti and S. 
kummerowiae (De Lajudie et al., 1994; Wei et al., 2002) 
than to other species according to the housekeeping gene 
phylogenies (Table 4). Sequence analysis of recA and glnII 
respectively revealed 98–100% and 97–99% similarities 
with type strains S. meliloti USDA 1002T, 98-99% and 97-
100% with type strains S. kummerowiae CCBAU 71714T 
and 91% and 91-93% with type strains S. medicae A321T 

(Rome et al., 1996). 

 
 
 
 
 
 
 
 
 
 

Table 4. Sequence similarities for recA, glnII and nodC genes relatedness among the 48 strains and related type strains. 
 Gene marker and sequence similarity with type strains % 
 glnII recA glnII+recA nodC 

Type strain Similarit
y % 

Stains 
number
s 

Similarity 
% 

Isolate 
numbers 

Similarity 
% 

Isolate 
numbers 

Similarity 
% 

Isolate 
Numbers 

S. meliloti USDA 
1002T 
 

99% 14 100% 05 99% 14  99% 18 
98% 10 99% 06 98% 27  97% 08 
97% 24 98% 37 97% 07  96% 18 
   89% 04 

S. kummerowiae 
CCBAU 71714T 

100% 04 99% 04 99% 13 96%  02 

99% 10 98% 44 98% 35 95%  13 

98% 33 94%  29 

97% 01 90%  04 

S. medicae A321T 
 
S. medicae USDA 
1037  

91% 01 91% 48 92% 47   
92% 46 91% 01   
93% 01   
  100% 02 
  99% 13 
  96% 29 
  90% 04 

glnII gene phylogeny 

The phlogenetic tree corresponding to glnII (Figure 3) 
showed that the strains clustered into two groups with high 
bootstrap support (99 for group I and 72 for group II). 

Group I consisted of 14 strains, originating exclusively 
from Ghardaïa, closely related to reference strains S. 
kummerowiae CCBAU 71714T and S. meliloti USDA 
1002T. There were 13 strains (G421, G422, G242, G424, 
G 431, G432, G514, G211, G242, G315, G321, G122 
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and G124) clustered with S. kummerowiae CCBAU 
71714T at sequence similarities of 99.82 to 100% and one 
strain (G312) clustered only with S. meliloti USDA 1002T 
at sequence similarity of 99.52%. Group II contained 34 
strains, coming from the El Oued and Ouargla (except 
G131, G132 and G522), which were separated from the 

reference strains. Similarities between the strains in this 
group and type strains S. kummerowiae CCBAU 71714T 
and S. meliloti USDA 1002T were 97.69 to 98.58% and 
97.46 to 98.19%, respectively. 

 

 

 
Figure 3. Neighbor-joining phylogenetic tree constructed from glnII gene (555 bp) showing the relationship 
among strains nodulating alfalfa and related species of the Sinorhizobium–Ensifer group. Bootstrap values (1000 
replicates; only values over 50 % are given) are indicated above the branches. Bradyrhizobium japonicum 
USDA6T was used as an outgroup. Type strains are indicated with a superscriptT.

recA gene phylogeny 

The strains clustered into 2 groups with very high 
bootstrap values (97 for group I and 93 for group II) 
(Figure 4). There were 14 strains from Ghardaïa in group I, 
and they were closely related to type strains S. meliloti 
USDA 1002T and S. kummerowiae CCBAU 71714T. There 
were 10 strains (G122, G124, G211, G241, G242, G312, 
G315, G32, G421 and G422) clustered with S. meliloti 
USDA 1002T at sequence similarities of 100% and 4 

strains clustered with the reference strain S. kummerowiae 
CCBAU 71714T at sequence similarity of 99.24%. Thirty- 
four strains in group II from the El Oued and Ouargla 
regions (except G131, G132 and G522) are not grouped 
with any of the known reference strains and form an 
individualized clade on the tree. The similarities between 
these strains and S. meliloti USDA 1002T and S. 
kummerowiae CCBAU 71714T were 98.22 to 98.67%.
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Figure 4. Neighbor-joining tree constructed from recA gene (430 bp) showing phylogenetic relationships of strains nodulating alfalfa and 
related species of the Sinorhizobium–Ensifer group. Only values over 50 % are indicated above the branches. 

Concatenated housekeeping gene phylogeny 

In order to refine the phylogeny of the studied strains, a 
phylogenetic tree was constructed from concatenated glnII 
and recA gene sequences (Figure 5). The grouping results 
were similar to those of the individual gene trees. The 48 
strains clustered into 2 different groups. Fourteen strains 
belong to group I with a bootstrap value of 98. Seven 
strains (G122, G124, G211, G242, G315, G321 and G312) 
were grouped with the S. meliloti USDA 1002T at 
sequence similarity of 99.48 to 99.69% and seven others 
(G431, G432, G514, G424, G241, G421 and G422) were 
linked with S. kummerowiae CCBAU 71714T at similarity 

rates of 99.38 to 99.69%. It should be noted that all the 
strains composing group I came from the region of 
Ghardaïa. Group II, composed of 34 strains coming 
exclusively from the El Oued and Ouargla regions (except 
G131, G132 and G522), formed a clearly separated group 
from the reference strains with 97 bootstrap support and 
suggested that these novel strains may represent a distinct 
lineage from defined species. Similarities between the 
group 2 strains and the closest reference strains are 97.73–
98.25% with S. meliloti USDA 1002T and 98.04–98.56% 
with S. kummerowiae CCBAU 71714T, respectively. 
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Figure 5. Neighbor-joining tree constructed from concatenated housekeeping genes glnII and recA (985 bp) showing phylogenetic 
relationships of strains nodulating alfalfa and related species of the Sinorhizobium–Ensifer group. Bootstrap values (1000 replicates; only 
values over 50 % are given) are indicated above the branches.

3.4.2. nodC gene phylogeny 

The nodC phylogenetic tree showed three well-
supported distinct groups, at bootstrap value of 100 for 
groups I and II, and 99 for group III, as presented in Figure 
6. The group I and II strains from different areas were 
clustered with type strains S. meliloti USDA 1002T at 
similarity of 97.05 to 99.66% and S. medicae A321T at 

similarity of 99.65 to 100%, respectively. The strains 
G424, G431, G432 and G514 composing group III 
displayed high sequence identities with S. meliloti LAIII42 
(99.66% similarity) and came from the region of Ghardaïa. 
Thus, the strains used in this study belong to two types of 
symbiovars: meliloti (groups I and II) and medicaginis 
(group III) described by Villegas et al. (2006).

 

Figure 6. Neighbor-joining tree constructed from nodC genes showing phylogenetic relationships of strains nodulating alfalfa and related 
species of the Sinorhizobium–Ensifer group. Bootstrap values (1000 replicates; only values over 50 % are given) are indicated above the 
branches.
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4. Discussion  

In this study, we analyzed for the first time a collection 
of 48 strains obtained from Medicago sativa root nodules 
collected from three different regions in the North eastern 
Algerian Sahara. This study included both phenotypic and 
phylogenetic analyses and was the first time such an 
investigation was conducted on rhizobial isolates from this 
region. 

The phenotypic characterization showed that 
morphological and growth characteristics of the strains 
were in agreement with those already described in the 
literature (Vincent, 1970; Latrache et al., 2017). The 
results of the plant nodulation tests showed that all strains 
could produce nodules.  

Salinity is an important stress factor for rhizobia, as it 
inhibits their growth and development (Graham, 1998; 
Farissi et al., 2014). In the present study, all strains were 
able to tolerate salt concentrations from 1.7 mM to 640 
mM (Table 2). In contrast, no strains were able to grow at 
1280 mM. Our results are in agreement with those of 
Mohammad et al. (1991), Embalomatis et al. (1994) and 
Jebara et al. (2000) who indicated that strains of S. meliloti 
were tolerant of NaCl concentrations between 300–700 
mM in American, Greek and Tunisian soils respectively. 
Likewise, a tolerance of up to 800 mM of NaCl was 
observed in rhizobia collected in the Sebkha of 
Misserghine (north-western Algeria) (Merabet et al., 
2006). Elboutahiri et al. (2010) were able to isolate strains 
of S. meliloti capable of growing at 1711 mM NaCl. These 
were sampled in areas heavily affected by salinity in 
southern Morocco.  

At 80 and 160 mM, the most resistant strains were 
O152, O211 and E141 and at the highest concentrations, 
strains E543 and E452 performed best. Adaptation to 
salinity in a few Rhizobium species is the result of 
intracellular accumulation of low molecular weight 
organic solutes called osmolytes, as described by Boscari 
et al. (2002) 

At pH of 4.0 and 5.0, strains were sensitive thus 
confirming the results of Elboutahiri et al. (2010) and 
Thami-Alami et al. (2010) that strains tolerated acidic pH 
of 5.5 to 6.0 where most isolates grow (Latrache et al., 
2017). Our results are also in agreement with those of 
Abolhasani et al. (2010), Thami-Alami et al. (2010) and 
Hameed et al. (2014) who indicate that the strains of S. 
meliloti nodulating alfalfa were all resistant to the alkaline 
pH 8.0 and 9.0. At pH 6.8, all strains showed maximum 
growth, which is in agreement with Rodrigues et al. (2006) 
and Shetta et al. (2011) who stated that the optimum pH 
for rhizobia multiplication is between 6.5 and 7.0.  

At temperatures 28°C and 37°C, we recorded 100% 
growth. Our results agree with those of Zahran (1999) and 
Dekak (2018) who found that rhizobia are mesophilic 
bacteria and optimum growth of most strains is between 
28°C and 31°C. At 4°C and 45°C, the strains that were 
able to grow only produced a few small colonies on solid 
medium and low OD’s in liquid medium. High and low 
temperatures have been reported to be among the main 
factors limiting growth and nitrogen fixation by rhizobia 
(Niste et al., 2015).  

We found that the strains show different antibiotic 
resistance profiles. The sensitivity to antibiotics, which is 
higher in some strains, can be attributed to the less 

abundant microbial biomass in the rhizosphere (Grego et 
al. 1995). The more pronounced resistance in Ghardaïa 
strains can be explained by the use of large amounts of 
intensive livestock manure in this region as noted by 
Guessoum et al. (2014), where antibiotics are commonly 
added to animal feed to treat diseases and promote growth 
(McManus, 1997). 

Many studies have described S. meliloti and S. medicae 
as the only rhizobia capable of nodulating alfalfa. 
Phylogenetic analysis of recA and glnII showed that 
instead it is S. meliloti and S. kummerowiae, which are the 
microsymbionts of M. sativa in the Saharan regions of 
Algeria. The strains were more closely related to S. 
meliloti and S. kummerowiae than to other species. 
Sequence analysis of recA and glnII revealed high 
similarities with type strains S. meliloti USDA1002T and S. 
kummerowiae CCBAU71714T. Our results converge with 
those of Wei et al. (2002) and Toularoud et al. (2016) who 
mentioned that alfalfa could be efficiently nodulated by S. 
kummerowiae in Chinese and Turkish soils. The presence 
of S. kummerowiae in the study areas was reported 
recently by Arbi et al. (2015) and Chaïch et al. (2017) as 
dominant microsymbiont, with S. meliloti, of the 
spontaneous legumes Medicago littoralis, Melilotus 
indicus and Genista saharae. 

The concatenated housekeeping gene phylogeny 
showed that the strains were grouped into 2 different 
groups. Group I comprises strains from Ghardaïa, strongly 
related to type strains S. kummerowiae CCBAU 71714T 
and S. meliloti USDA 1002T. The thirty four strains 
composing group II were separated from the reference 
strains, and this suggested that these novel strains may 
represent a distinct lineage from defined species. As 
suggested by Toularoud et al. (2016), housekeeping gene 
phylogenetic analyses may help to further resolve the 
taxonomic relationship between S. kummerowiae and S. 
meliloti, which may belong to a single species. The 
grouping results were, generally, similar to those of the 
individual gene (Figures 3 and 4). 

The results obtained were very similar to those of the 
concatenated housekeeping gene phylogenetic tree (Figure 
5). The strains originating from the region of Ghardaïa are 
phylogenetically and phenotypically linked to the species 
S. kummerowiae and S. meliloti and separated from those 
of the regions of Ouargla and El Oued. These results 
revealed geographic variation in the rhizobial population 
composition as shown in many works (Fierer and Jackson, 
2006; Talebi et al., 2008). 

Neighbor-joining phylogenetic tree of nodC gene 
sequences revealed three distinct well-supported 
clusters (Figure 6). Twenty-four strains were in group I 
that consisted of strains related to S. meliloti USDA 1002T. 
Group II consisted of thirteen strains related to the type 
strain S. medicae A321T. Four separate strains forming 
group III showed 100% similarity to S. meliloti LAIII42. 
To label resulting groups, we used the system of 
symbiovars proposed by Rogel et al. (2011) and De Meyer 
et al. (2011). So, the Sinorhizobium isolates used in this 
study belonged to two symbiovar types, meliloti (group I 
and II) and medicaginis (group III) as described by 
Villegas et al. (2006). These results are explained by the 
fact that the tested strains and S. meliloti and S. medicae 
have the same host plant. 
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Several studies have shown that the evolutionary 
history of chromosomal genes may be different from that 
of symbiotic genes. Our results are in agreement with 
those of Laguerre et al. (2001) who indicated that the 
classification resulting from the analysis of the symbiotic 
nodC gene reflects host specificity, while the phylogeny 
based on chromosomal genes is independent of the host 
plant. Symbiovars can be shared by different species due 
to lateral transfer of symbiotic genes (Rogel et al., 2011). 

5. Conclusion 

This study showed that the bacteria isolated from the 
root nodules of Medicago sativa, cultivated in the 
Algerian Sahara, are genetically and phenotypically 
diverse. Phenotypic analysis showed that many strains 
have interesting characteristics. This may allow them to be 
used as an effective inoculum for Saharan soils, which are 
subjected too many edaphoclimatic stress conditions. 
Phylogenetic analysis showed that our strains are strongly 
related to S. meliloti and S. kummerowiae, which are the 
effective symbiotic partners of alfalfa in the study area. 
There was a similarity between the genotypic and 
phenotypic profiles suggesting the existence of a 
relationship between the groups of strains and their 
geographic distribution.  
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Abstract 

Bacteria are the primary cause of fatal disease outbreaks in aquaculture. Nine fish cages located at three different sites (3 
cages/site) in the north Rosetta branch of the Nile River have exhibited high mortality rates. A total of 220 moribund 
Oreochromis niloticus and fish feed and water samples were examined for pathogenic bacteria in this study. Fish infected 
with Vibrio parahaemolyticus were located at only site 1 (62.5% infection rate), and Streptococcus agalactiae was isolated 
from fish at sites 1 and 3 (25% and 37.5% infection rates, respectively). Fish infected with V. parahaemolyticus or S. 
agalactiae were coinfected with Aeromonas hydrophila. Further investigation revealed that V. parahaemolyticus infection at 
site 1 may occur via a fish feed that was contaminated with V. parahaemolyticus (the fish feed was containing improperly 
manufactured marine fish meal). The median lethal dose (LD50) 96h of A. hydrophila, V. parahaemolyticus, and S. 
agalactiae was 2.4 × 105, 1.9 × 105, and 5.2 ×103 colony-forming unit / ml, respectively for O. niloticus (50 ± 2.5 g b.w.) at a 
water temperature of 25.1 °C ± 1.5 °C. In an indoor experiment, O. niloticus were injected with the LD50 of the isolated 
bacteria. Florfenicol was found to be superior to ciprofloxacin in treating A. hydrophila and V. parahaemolyticus infection 
(mortality 13.3 % and 16.7 %, respectively), and ciprofloxacin was found to be more efficient in treating S. agalactiae 
infection (mortality 13.3%). In conclusion, inappropriately manufactured marine fishmeal was the source of V. 
parahaemolyticus infection in caged fish. V. parahaemolyticus or S. agalactiae infection co-occurred with A. hydrophila in 
fish cages containing low-quality water (high unionized ammonia content).  

Keywords: Aeromonas hydrophila; Vibrio parahaemolyticus; Streptococcus agalactiae; fish cages; Oreochromis niloticus.
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1. Introduction 

Tilapia species come after carp species as the second 
major cultured fish around the world. In 2018, the 
production of O. niloticus in Egypt was 1.2 million tonnes, 
which, formed 65.15%, of total production which was 1.5 
million tonnes (FAO, 2020). High market demands have 
led to intensive fish culture, wherein fish are exposed to 
infectious diseases, which have been considered one of the 
main obstacles facing aquaculture industries due to severe 
economic losses (Plant and LaPatra, 2011; Hamidan and 
Shobrak, 2019). In recent years in Egypt, the high 
mortality and morbidity rates recorded in freshwater fish 
farms were due to the prevalence of bacterial diseases that 
are concomitant with water temperature in summer (Enany 
et al., 2019). In Egypt, Osman et al. (2021) reported that 
Pseudomonas sp. Isolated from Nile tilapia farmed or wild 
captured (River Nile) were carried antibiotic resistance, 
Quorum sensing, and virulence genes. In Bangladesh, 
Hamom et al. (2020) found that farmed diseased tilapia 
harboured Edwardsiella tarda Streptococcus agalactiae, 
and Flavobacterium columnare while live fish carried 
Streptococcus iniae and Aeromonas salmonicida. They 
also added that columnare and E. tarda caused a 
coinfection status in tilapia. Aeromonas is considered the 

most important pathogen in the aquatic environment that 
results in significant economic losses. This bacterium 
could be considered as a specific primary pathogen in 
freshwater, and it also acts as a secondary opportunistic 
pathogen attacking immunocompromised or stressed 
freshwater fish where it normally inhabits in the gut of O. 
niloticus (Sherif et al., 2020). Vibrio spp. are bacteria that 
are ubiquitous in marine and brackish waters and are 
typical examples of opportunistic bacteria that cause 
diseases. These bacteria cause disease not only in fish but 
also in humans and shrimp. Vibriosis, a disease caused by 
Vibrio spp., is highly dependent on water quality 
deterioration, which results in severe immunosuppression 
and initiates bacterial infection outbreaks (Amal et al., 
2015). Streptococcus spp. are gram-positive bacteria that 
normally present in the aquatic environment causing a 
haemorrhagic disease in fish (Chang and Plumb, 1996). 
They caused a condition called by streptocococcosis 
predominantly in O. niloticus. This disease is considered 
one of the worst diseases in O. niloticus worldwide (Yang 
et al., 2018). 

Several fish cages in the Nile River exhibit severe 
mortalities due to common bacteria that infect freshwater 
fish, and no uncommon species have been observed 
through classic bacterial investigation. Coinfection in fish 
is common, as indicated by the fact that a single fish could 
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harbour more than one species of bacteria; such 
coinfection could be explained by the kind of the fish diet, 
sampling sites, human activities and water parameters at 
the fish culture sites (Abdelsalam et al., 2017). 
Comparison of 16S rRNA sequences is a reliable approach 
to distinguish between the different species of pathogenic 
bacteria (Woo and Bruno, 2014).  

One of the common ways to control bacterial infections 
in fish culture is through the use of antibiotics. A bacterial 
outbreak is considered as a major threat for farming, due to 
which a large number of antibiotics are used not only for 
treatment but also for prophylaxis (Noga, 2010). In the 
Vietnam aquaculture sector, 82% of lobster farmers and 
28% of fish farmers used antibiotics at an average rate of 5 
and 0.6 kg per produced ton of lobster and fish 
respectively (Hedberg et al., 2018). In the United States of 
America (USA), fish treatment with florfenicol and 
ciprofloxacin was recommended by the food and drug 
administration (FDA) under the veterinary feed directive 
and the investigational new animal drug (INAD) to combat 
fish diseases in aquaculture (Noga, 2010). Some 
antibiotics were approved for aquacultures such as 
florfenicol, ciprofloxacin, enrofloxacin, difloxacin, 
sarafloxacin, chlortetracycline, oxytetracycline, 
doxycycline, and erythromycin by the authority of 
veterinarian pharmaceuticals in highly producing countries 
(Noga, 2010).  

Therefore, the aim of this investigation was to highlight 
the possible treatment and to enhance the understanding of 
the circumstances of the massive mortality of fish reared in 
cages. Therefore, we conducted this study to investigate 
the bacteria associated with caged fish mortality outbreaks 
in the northern Nile River and the treatment prospects. 

2. Materials and Methods 

2.1.  The sites of the investigated Cages  

This study focused on nine fish cages located at three 
different sites (3 cages/site) north of the Edfina Barrage in 
the Rosetta branch of the Nile River, Egypt. The fish cages 
(3 × 2 × 2 m) were stocked with the freshwater fish O. 
niloticus. A total of 220 moribund O. niloticus (80, 60, and 
80 fish at sites 1–3, respectively) were collected along with 
fish feed and water samples. The moribund O. niloticus 
were immediately transported alive to the Animal Health 
Research Institute (AHRI), Fish Diseases Department, 
Kafrelsheikh Provincial Laboratory, Egypt, in the summer 
of 2017. All applicable international, national, and/or 
institutional guidelines for the care and use of animals 
were followed by the authors. 

2.2.  Bacterial Analyses 

2.2.1. Primary bacterial isolation 

The O. niloticus, feed, and water samples were 
examined for the presence of bacteria. Bacterial culture 
was attempted from hepatopancreas, spleen and kidney 
tissues according to previously described methods (Woo 
and Bruno, 2014). Water samples (3 replicate/site) were 
aseptically collected at 0.5 m depth in glass containers. 

Samples of fish feed (3 replicate/site) were randomly and 
aseptically collected in sterile plastic bags at different cage 
sites, each sample of 1 g aseptically dissolved in 9 ml 
distilled water.  The tubes containing tryptic soy broth 
(TSB) were inoculated with samples of fish tissue, water, 
and dissolved fish feed then the tubes were incubated for 
24 h at 26 ± 1 °C. In addition, samples were inoculated 
into TSB with 1.5% NaCl then incubated for 24 h at 26 °C 
± 1 °C.  

2.2.2. Biochemical profiles 

Phenotypic characterization of the bacterial isolates 
was demonstrated according to (Madigan and Martinko, 
2005). Biochemical analyses (in triplicates) were 
conducted using API20 E following guidelines of 
(BioMerieux, Marcy l' Etoile, France).  

2.2.3. Selective isolation of bacterial strains 

For Aeromonas hydrophila isolation, the inoculum was 
spread onto Rimler-Shotts agar then incubated for 24 h at 
26 °C ± 1 °C. For Streptococcus agalactiae isolation, the 
inoculum was streaked onto tryptic soy agar (TSA) with 
5% sterile sheep blood then incubated for 72 h at 26 °C ± 1 
°C, according to previously described methods (Facklam 
and Carey, 1985), and then spread onto brain heart 
infusion (BHI) agar then incubated for 24 h at 26 °C ± 1 
°C. For Vibrio parahaemolyticus isolation, inoculates were 
streaked onto thiosulfate citrate bile salt (TCBS) agar (to 
produce green colonies) and incubated at 26 °C ± 1 °C for 
24 h.  

2.2.4. Determination of bacterial strains and their 
virulence genes 

Further identification of the recovered bacteria was 
done using the technique of polymerase chain reaction 
(PCR), the bacterial DNA was extracted by means of a 
QIAamp DNA Mini Kits (Qiagen GmbH, Germany) 
following to the manufacturer’s guidelines, then the 
products of PCR were analyzed using gel electrophoresis 
(AppliChem GmbH, Germany) and a documentation 
system (Alpha Innotech, Biometra), and then the results 
were evaluated using the Chip PCR computer software 
(Rodiger and Burdukiewicz, 2013). 

Molecular identification (sequencing) of the isolated 
strains was performed using a universal primer specific for 
16S rRNA (F: AGA GTT TGA TCC TGG CTC AG and 
R: GGT TAC CTT GTT ACG ACT T) with a PCR 
product size of 1500 bp (Weisburg et al., 1991). The 
sequencing process was conducted using ABI 3730xl 
DNA sequencer. To identify the bacterial strains, the 
obtained sequences were matched with the other related 
ones that were registered in GenBank by using the Blastn 
program.  

 In Table 1, the primers of virulence genes were 
cytotoxic enterotoxin (act and alt) for A. hydrophila; 
regulatory gene of toxin (toxR) and haemolysin genes (tdh 
and trh) for V. parahaemolyticus; and a CAMP factor (cfb) 
that enhances the haemolysis processes and C-b protein 
(bac), a protein serving as an IgA-binding protein for S. 
agalactiae. All primers were manufactured by Metabion, 
Germany.   
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Table 1. The sequences of primers, virulence genes, sizes and annealing temperature. 

Gene name Sequences 5'-3' Size (bp) Annealing temperature References 

A.hydrophila 

act  

 

alt  

 

F:AGAAGGTGACCACCACCAAGAACA 
R:AACTGACATCGGCCTTGAACTC 

 

232 

 

55°C 

 

Nawaz et al., 2010 

F:TGACCCAGTCCTGGCACGGC 
R:GGTGATCGATCACCACCAGC 

442 55°C Nawaz et al., 2010 

 V. parahaemolyticus  

toxR 

 

tdh 

 

trh 

 

F:GTCTTCTGACGCAATCGTTG 

R:ATACGAGTGGTTGCTGT CATG 

368 57 °C  

 

Kim et al., 1999 

F:CCATTCTGGCAAAGTTATT 
R:TTCATATGCTTCTACATTAAC 

534 48 Cai et al., 2007 

F:TTGGCTTCGATATTTTCAGTATCT 
R:CATAACAAACATATGCCCATTTCCG

500 52 Cai et al., 2007 

S. agalactiae 

cfb 

 

bac  

 

F:GGATTCAACTGAACTCCAAC 
R:GACAACTCCACAAGTGGTAA 

 

600 

 

72°C 

 

Kannika et al., 2017

F:CTCCAAGCTCTCACTCATAG 
R:GAAACATCTGCCACTGATAC 

750 47°C Kannika et al., 2017

2.3. Antimicrobial Sensitivity Analyses 

The activity of different antimicrobial drugs against the 
isolated bacteria was analyzed following the procedures 
described by Finegold and Martin (1982). Pure cultures of 
the strains were cultivated in TSB (Oxoid) then incubated 
for 24 h at 26 °C ± 1 °C. Subcultures were spread with a 
sterile cotton stick onto Mueller–Hinton agar plates 
(Oxoid). Results were recorded after incubation at 26 °C ± 
1 °C for 24 h, by disc diffusion including florfenicol (KF 
10 µg), ciprofloxacin (CIP 5 µg), clindamycin (DA 2 µg), 
amoxy+clavulinic AMC (30 µg), amoxicillin AML (10 
µg), doxycycline (DO 30 µg), sterptomicin (S 10 µg), 
spiramycin  (SP 100 µg), sulpamethazol +trimethoprim 
(SXT 25 µg), lincomycin (MY 10 µg), cefotaxime (CTX 
30 µg), and cepharadin (CE 30 µg) manufactured by 
Oxoid, Waltham, MA, USA. According to the standards 
provided by the manufacturer and guidelines of NCCLS 
(1999), the isolated bacteria could be classified into three 
categories: resistant, intermediate, and sensitive depending 
on the diameters of inhibition zones. 

2.4. Antibiotics Treatment Trial 

Florfenicol: Floricol® 100 mg/g reg. No. 2533/2015 
(Pharma Swede Company, Egypt) and ciprofloxacin: 
Ciprofar® (tablet) 500 mg/g reg. No. 21515/2012 (Pharco 
Pharmaceutical Company, Egypt) were used. Antibiotics 
were coated onto the surface of the pellets using capelin oil 
to prevent antibiotic dissociation, heat oil to 40 °C and 
antibiotics were added then mixtures of oil-antibiotic were 
evenly spread on the fish feed. The dosages of antibiotics 
were 10 mg/kg b.w./day for 10 successive days and 
capelin oil was 20 g/kg fish feed. The dosages and 
application methods of the antibiotics were implemented 
according to the methods described by (Noga, 2010). 

2.5. Examination of Water Parameters  

The water samples were analyzed at cages sites for 
temperature and salinity, (model YSI environmental, 
EC300) as well as dissolved oxygen (DO) (Aqualytic, OX 
24) and pH (Thermo Orion, model 420A). Samples of 1 L 
were placed in a polyethylene bottle and transferred on ice 

to the laboratory to analyze the total ammonia nitrogen 
(TAN), unionized ammonia (NH3), nitrite (NO2), and 
nitrate (NO3) using a UV/Visible spectrophotometer 
(Thermo-Spectronic 300) as described by Rice and 
Bridgewater (2012). 

2.6. Median Lethal Dose (LD50) 

The LD50 values of A. hydrophila, V. 
parahaemolyticus, and S. agalactiae in O. niloticus (mean 
body weight = 50±2.5 g) were estimated following the 
method described by (Reed and Muench, 1938). Fish were 
acclimated in indoor tanks for 2 weeks at a water 
temperature of 25°C ±1.5 °C. Serial 10-fold dilutions were 
made of the bacteria cultured in BHI broth for 24 h at 30 
°C and then adjusted to 1× 102, 1 × 103, 1 × 104, 1 ×105, 1 
×106 or 1 × 107 (CFU/ml) in normal saline. Then, 100 µl 
of the bacterial suspension was intraperitoneally injected 
into duplicate groups of five O. niloticus. Each bacterial 
dose (CFU/ml) was based on a standard curve generated 
by performing plate counts. Mortality rates were recorded 
for 96 h; however, accidental mortalities occurring in the 
first 24 h were excluded. All bacterial strains were re-
isolated from the dead fish (liver, spleen, and kidneys) and 
confirmed by PCR using specific primers (Table 1). 

2.7. Treatment Trial with Antibiotics 

A total of 360 healthy O. niloticus fish with a mean 
body weight of 40 ±0.5 g were collected from a local fish 
farm and acclimated for 2 weeks at a water temperature of 
25°C ±1.5 °C. O. niloticus were subdivided into four 
groups G1-4 (90 fish/ group) and then infected with A. 
hydrophila (G1), V. parahaemolyticus (G2), and S. 
agalactiae (G3), whereas un-challenged (G4) fish were 
considered as the control negative group. Each group was 
subdivided into three treatments, viz., T1–3, each 
consisting of three replicates (10 fish/replicate) as follows: 
control-untreated (T1), ciprofloxacin-treated (T2), and 
florfenicol -treated (T3). The antibiotics were applied for 
10 days before and after bacterial infection. O. niloticus 
were injected i.p. with the LD50 of bacteria as described by 
Alcaide et al., (1999). A. hydrophila, and S. agalactiae 
isolates were grown overnight on TSA and TSA 
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containing 3% NaCl for V. parahaemolyticus at 30 °C, one 
of each resulted colonies was subcultured TSB for another 
16 h. The mortality rate (MR %) was calculated as 
follows: 

 

2.8. Statistical Analyses 

Data analyses were performed by determining the 
variance (ANOVA) using the SPSS software for windows, 
SPSS Inc., Chicago, IL, USA (SPSS, 2004). The obtained 
data are presented as mean ± SE (standard error). The 
significant difference among treatments is determined at a 
level of 0.05 using Duncan’s multiple range test (Duncan, 
1955). 

3. Results 

3.1. Clinical Signs and Gross Lesions 

Moribund O. niloticus exhibited a lack of appetite, 
lethargy, skin petechiae, detached scales and exophthalmia 
(Figure. 1). Postmortem examination of the fish revealed 
intestinal inflammation, visceral adhesion, hepatomegaly, 
splenomegaly, and gall bladder distension (Figure. 2).  

 

Figure 1. (1) O. niloticus collected from fish cages suffered from 
exophthalmia (A), haemorrhages on base of pectoral fine (B) and 
tail (C), and slightly distended abdomen. (2) O. niloticus collected 
from fish cages suffered from splenomegaly (A) and distended 
gallbladder (B). 

 

 

 

 

 
Figure 2. (1) O. niloticus experimentally infected with 
Aeromonas hydrophila suffered from pectoral haemorrhages (A), 
site of injection (B), and protruded inflamed-intestine (C). (2) O. 
niloticus experimentally infected with A. hydrophila with 
haemorrhages on hepatopancreatic tissue (A), splenomegaly (B), 
distended gall bladder (C). 

3.2. Microbiological Examination 

Bacteriological analyses (Table 2) using classical 
methods and PCR technique showed that the moribund O. 
niloticus were mostly infected with virulent strains of 
Aeromonas hydrophila (78.18%), followed by Vibrio 
parahaemolyticus, and S. agalactiae (22.73% each). The 
identification numbers obtained with API20 E were 
107126, 4046107, and 1463410 for A. hydrophila, V. 
parahaemolyticus, and S. agalactiae, respectively. The 
blast results of the obtained isolates revealed 100% 
homology with A. hydrophila, V. parahaemolyticus, and S. 
agalactiae, in the GenBank database. The isolated strains 
(A. hydrophila AHRAS2, V. parahaemolyticus AHRAS44, 
and S. agalactiae AHRAS33) were deposited to the 
GenBank under the accession numbers of MW092007, 
MW092008, and MW092091, respectively. Phylogenetic 
trees were generated for the three strains (Figures. 3, 4, 
and 5). No other bacterial species were isolated from the 
collected samples. 
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Figure 3. Phylogenetic analyses of Aeromonas hydrophila; 

Figure 4. Phylogenetic analyses of Vibrio parahaemolyticus;  

Figure 5. Phylogenetic analyses of Streptococcus agalactiae 

At site 1, only V. parahaemolyticus infection occurred 
concurrently with A. hydrophila infection, with an 
infection rate of 62.5% (Table 2), whereas at site 3, all the 
S. agalactiae isolates were concurrently present with A. 
hydrophila and V. parahaemolyticus. Although V. 
parahaemolyticus is a classic pathogen of marine and 
brackish water fish, it was isolated from caged O. niloticus 
at site 1. V. parahaemolyticus was isolated only from 
caged fish that were fed a diet formulated with locally 
produced fish meal. The caged O. niloticus exhibited 
obvious infection through contaminated feed as V. 
parahaemolyticus was isolated from water and feed in site 
1. The infection rates of S. agalactiae in O. niloticus 25% 
and 37.5% at sites 1 and 3, respectively, and the infection 
occurred concurrently only with A. hydrophila infection. 
A. hydrophila and S. agalactiae were isolated from water 
samples at (all three sites, and sites 1 and 3, respectively, 
and both organisms were not isolated from fish feed.

Table 2. Infection rates by bacterial isolate in O. niloticus collected from fish cages. 

Items  No. A. hydrophila V. parahaemolyticus S. agalactiae Co-infection  

No. % No. % No. % No. % 

Site 1 80 70 87.5 50 62.5 20 25 50 62.5 

Site 2 60 52 86.7 0 0 0 0 0 0 

Site 3 80 50 62.5 0 0 30 37.5 30 37.5 

Overall  220 172 78.18 50 22.73 50 22.73 100 45.45 

No.= number of fish.

3.3. Water Parameters of the Examined Cages 

The physicochemical parameters of the water (Table 3), 
including temperature, DO, salinity, pH, TAN, NH3, NO2 
and NO3, were insignificantly differed in the three sites. 

The water parameters were suitable range for O. niloticus 
culture; however, NH3 content was high at 0.2 mg/l, 
resulting in stress conditions. 
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Table 3. Physicochemical parameters and ammonia compounds 
of the water samples. 

Item* S 1 S 2 S 3 

Temperature (°C) 27±0.5  28±1.5  28±1.5 

DO (mg/l), mid-day 5.4±0.5 5.3±0.7 5.13±0.3 

Salinity (ppt) 1.5±0.05 1.6±0.1 1.5±0.2 

pH 7.9±0.2 8±0.2 8.2±0.1 

TAN (mg/l) 2.1±0.5 2.4±0.25 2.5±0.4 

NH3 (mg/l) 0.3±0.1 0.28±0.12 0.27±0.1 

NO2 (mg/l) 0.01±0.0 0.01±0.0 0.01±0.0 

NO3 (mg/l) 1.65±0.2 1.6±0.1 1.7±0.2 

S, cage site; water DO, dissolved oxygen; pH, hydrogen ions; 
TAN, total ammonia nitrogen; NH3; unionized ammonia; NO2, 
nitrite; NO3, nitrate. * Significant difference (P ≤ 0.05) indicates 
by different letters in the same row. 

3.4. LD50 of the Isolated Bacteria  

The LD50 96h of values A. hydrophila, V. 
parahaemolyticus, and S. agalactiae were 2.4 ×105, 1.9 
×105, and 5.2 ×103 CFU/ml, respectively, for O. niloticus 
with a body weight of 50 ±2.5 g at a water temperature of 
25°C ±1.5 °C. 

3.5. Antibacterial Profile 

The bacterial isolates were highly sensitive to 
ciprofloxacin and florfenicol, confirming that these 
antibiotics would be suitable for treatment, whereas the 
bacteria exhibited intermediate resistance to clindamycin, 
amoxicillin clavulanate, and sulfamethoxazole-
trimethoprim and full resistance to amoxicillin, 
lincomycin, cefotaxime, streptomycin, doxycycline, 
spiramycin, and cephradin. 

3.6. Treatment Trial 

The three groups of O. niloticus injected with the LD50 
of the isolated bacteria exhibited mortality, and gross 
lesions were eye opacity, haemorrhages at the base of the 
pectoral fin, inflamed intestines, haemorrhages on 
hepatopancrease, splenomegaly and gall-bladder 
distension (Figure. 5). The two different treatment 
regimens decreased the mortality compared with the 
control regimen. The florfenicol -treated (T2) group had 
the lowest mortality rates (13.3 % and 16.7 %) among 
groups challenged with A. hydrophila (G1) and V. 
parahaemolyticus (G2), respectively, whereas the 
ciprofloxacin-treated (T3) group showed 13.3 % mortality 
among fish challenged with S. agalactiae (G3) compared 
with the control positive treatment (T1) group (Figure. 6). 
The antibiotic treatments had no effect on the mortality 
rate (3.33 %) in the unchallenged O. niloticus (G4) group.  
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Figure 6. Mortality percentages of the different groups of O. 
niloticus experimentally infected with the three bacterial isolates 
and unchallenged group. Significant difference (P ≤ 0.05) 
indicates by different letters. 

4. Discussion 

Aeromonas hydrophila, Vibrio parahaemolyticus, and 
Streptococcus agalactiae produced common symptoms of 
bacterial diseases. Similar to the clinical sings observed in 
this study, previous researchers have also reported the 
most common clinical and postmortem signs of V. 
parahaemolyticus infection as external haemorrhages, 
white nodular skin lesions, necrotic eyes, sudden death 
with haemorrhages in the skeletal muscles, deep ulcers, 
liver haemorrhage, pale kidneys and splenomegaly in 
studies on Dicentrarchus labrax (Rahman et al., 2010), 
Iberian toothcarp (Aphanius iberus) (Alcaide et al., 1999), 
and Amphiprion sebae (Marudhupandi et al., 2017). 
Similarly, Streptococcus infection in Oreochromis 
niloticus was manifested by behavioural disorders, pop 
eye, and haemorrhagic dots on the body surface and bases 
of the fins in naturally infected tilapias (Figueiredo et al., 
2006). Consistently, the post mortem investigation of O. 
niloticus, experimentally infected with A. hydrophila, 
showed hepatomegaly and splenomegaly (Sherif et al., 
2015) and S. agalactiae in red tilapia (Abdelsalam et al., 
2017).  

To confirm the identification of Aeromonas spp., some 
genes such as gyrB, rpoD, dnaJ, gyrA, dnaX, recA, and 
atpD are commonly used (Zhou et al., 2019). Moreover, V. 
parahaemolyticus strains have been previously identified 
through PCR-based methods similar to those in our study 
(Kim et al., 1999). The 16S rRNA sequencing approach 
(Figures. 3, 4, and 5) along with virulence genes (Table 1) 
were used to confirm the accuracy of bacterial 
identification of the isolated bacteria. Several researchers 
have identified bacterial species using PCR (16S-23S 
rDNA intergenic spacers) such as Aeromonas spp., and 
Streptococcus spp. (Sebastiao et al., 2015).  
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In the examined cages, A. hydrophila was the most 
prevalent bacterium at a rate of 78.18% irrespective of the 
site. The most important diseases affecting fish in Egypt 
are A. hydrophila infection, Saprolegniasis, Aflatoxicosis, 
Icthyophonus infection, Trichodina infestation, Costiasis, 
and A. hydrophila and Saprolegnia coinfection (Aly, 
2013). In the Nile River, A. hydrophila and Pseudomonas 
fluorescens have been isolated from both O. niloticus and 
Clarias gariepinus (Mohamed et al., 2006). V. 
parahaemolyticus is a classic pathogen of marine and 
brackish water fish; however, it was isolated from caged 
O. niloticus (62.5% infection rate). At site 1, V. 
parahaemolyticus infection co-occurred with Aeromonas 
spp infection in caged O. niloticus (infection rate: 62.5%) 
and the fish feed and water samples were contaminated 
with V. parahaemolyticus. Supporting the obtained 
findings, V. parahaemolyticus has been isolated from 
tilapia cultured in freshwater cages (Amal et al., 2010) and 
fish cultured in low-salinity water (5~30 ppt NaCl) 
(Iwamoto et al., 2010). Moreover, infection rates of 
52.11%, 29.5%, and 18.4% have been recorded in the 
Terengganu River, Pedu Lake, and Kenyir Lake, 
respectively (Ismail et al., 2016). S. agalactiae was 
concurrently isolated from caged-O. niloticus with A. 
hydrophila at sites 1 and 3 with infection rates of 25% and 
37.5%, respectively. S. agalactiae has been reported to 
cause large-scale outbreaks in cultured tilapia Thailand 
and Latin America (Marcusso et al., 2015). Furthermore, 
similar to the obtained findings regarding coinfection, 
Abdelsalam et al., (2017) reported that S. agalactiae 
concurrently infected red hybrid tilapia reared in cement 
ponds in north coast, Egypt. 

Conversely, Aeromonas spp., Streptococcus spp., 
Vibrio spp., and Flavobacterium spp., coinfected cultured 
O. niloticus, water, and sediment (Al-Harbi and Uddin, 
2006). Moreover, A. hydrophila, A. sobria, P. fluorescens 
and P. aeruginosa were concurrently isolated from O. 
niloticus (Sherif et al., 2015). In our findings, A. 
hydrophila, V. parahaemolyticus, and S. agalactiae were 
isolated from water samples. Supporting this finding, it has 
been reported that infected fish released bacteria through 
feces, which survive in water and spread infection (Apun 
et al., 1999). 

The suitable water parameters are an important part of 
aquaculture systems. The parameters of water samples 
(temperature, DO, salinity, and pH) in the fish cages were 
suitable for fish culture (Table.3). Maintaining optimal 
water quality conditions or parameters is a vital part of fish 
for optimal performance (FAO, 2020). Caged-O. niloticus 
suffer from stressful conditions that predispose them to 
bacterial infection. Although most of the water parameters 
in this study were suitable for fish culture, high levels of 
ammonia were observed with the levels of TAN and NH3 

being 2.1, 2.4 and 2.5; 0.3, 0.28, and 0.27 mg/l, 
respectively. Accordingly, Noga (2010) mentioned that 
NH3 level > 1.00 mg/l are lethal whereas those > 0.05 mg/l 
are sublethal concentrations for freshwater fish. The 
outbreaks of Aeromonas infection in fish farms were due 
to the limited knowledge and awareness of fish farmers 
regarding appropriate management (Sherif et al., 2015; 
Mzula et al., 2019). 

Based on antibiogram findings, ciprofloxacin (despite 
being illegal for veterinary use in Egypt, some farmers and 
paramedics use ciprofloxacin unintentionally and 

erratically for treating bacterial fish diseases) and 
florfenicol are the optimal antibacterial substances for 
bacterial isolates. As shown in Figure. 6, the mortality 
rates of fish infected with A. hydrophila (G1) and V. 
parahaemolyticus (G2) and then treated with florfenicol 
were significantly lower (13.3% and 16.7, respectively) 
than those of control fish (56.7 and 53.3 %, respectively). 
In S. agalactiae infection (G3), ciprofloxacin-treatment 
(T3) resulted in significantly lowest mortality (13.3%) 
compared with florfenicol-treatment (T2) (40%) and 
control (47 %). Similarly, Ashiru et al., (2011) found that 
pefloxacin, ofloxacin, and ciprofloxacin are suitable drugs 
for controlling Aeromonas infection, although, 
oxytetracycline, nitrofurans, potentiated sulfonamides, and 
oxolinic acid have been successfully used, bacteria, 
especially V. anguillarum and V. salmonicida, can exhibit 
resistance to these drugs. Despite the alleviated mortality 
(14.4%) resulting from ciprofloxacin treatment, 
immunosuppression has been detected in A. sebae infected 
with V. parahaemolyticus (Marudhupandi et al., 2017), 
whereas S. agalactia, which was isolated from cultured 
yellowtail (Seriola quinqueradiata) in Japan, was resistant 
to these antibiotics (Kitao and Aoki, 1979). 

5. Conclusion 

This study highlighted the presence of unusual 
pathogens that cause mortality in caged fish in the north 
Rosetta branch of the Nile River. V. parahaemolyticus or 
S. agalactiae infection co-occurred with A. hydrophila 
infection. The source of V. parahaemolyticus infection in 
cage-cultured O. niloticus would be fish feeds containing 
inappropriately manufactured marine fishmeal so that this 
classical marine bacterial pathogen causes fish mortality in 
the freshwater environment. The infections caused by the 
bacteria A. hydrophila, S. agalactiae, and V. 
parahaemolyticus correlated with high unionized ammonia 
content in cage-water. In such cases, florfenicol was the 
most effective antibacterial agent along with the 
maintenance of water quality. 
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Abstract  

    Many international studies indicated that the polymorphisms of some genes disturbed the folate homocysteine (Hcy) 
metabolism and increased the vulnerability to Down syndrome (DS). We aimed to measure the serum levels of folate and 
Hcy in DS children and compare the levels with age and sex-matched apparently normal healthy children. We also aimed to 
study the A80G polymorphism of the gene reduced folate carrier (RFC1) in the DS children as a risk factor. Forty children 
with DS (24 were boys, and 16 were girls) with the age range between 5-13 years, and 26 normal healthy children (16 boys 
and ten girls) were included in this study. The results show that the highest genotype in the control group was AG (53.85%) 
followed by AA and GG (30.77% and 15.38%) respectively. The genotype percentages in children with DS were (50, 35,and 
15) for AG,AA, and GG respectively. There was no statistically significant Down syndrome risk RAC-1A80G polymorphic 
genotype and DS in the Iraqi children sample (A/A Vs. G/G, OR= 1.13,95%C =0.48-2.68 ) (A/A Vs. A/G, OR= 1.2, 95%C = 
0.66-2.26 )(G/G vs. A/G, OR=1.08, 95%C = 0.48-2.43 ) respectively. Significant decrease in the concentrations of Hcy and 
folate in the serum of DS children 5.54 ± 0.94 and 6.99 ± 1.16, then in the control group 7.14 ± 1.46, 7.86 ± 1.78, 
respectively. We did not detect a significant difference between male and female DS subjects. There was no correlation 
between the Hcy concentration and folate level of the DS group. The results showed that the frequency of RFC1 alleles and 
A80G genotypes (GG Vs AA, AAVs AG, GG Vs AG) had no risk with down syndrome in a sample of Iraqi children. Thus, 
we need further studies with a large sample of children in comparison with mothers of DS birth. 

Keywords: RFC1 80A-G Polymorphism, Down Syndrome, Serum Folate, Homocysteine Levels, Iraqi patients 
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1. Introduction 

   Trisomy 21, known as Down Syndrome (DS), is the 
most common human chromosomal disorders in born 
children (1 in 800–1000) (Capone, 2004; Sadiq et al., 
2014). It has been assumed that the interactive role of 
various genetic and environmental factors is associated 
with DS (Sadiq et al.,2019). Folic acid (globolutamic 
acid), as a dietary factor, plays a vital function in the 
progress of distribution of genetic materials during cell 
division due to its role in cellular methylation reactions. 
Folic acid is implicated in epigenetic regulation and other 
processes in the synthesis and repair of DNA  (Argellati  et 
al., 2006; Sadiq et al.,2019). The loss of chromosomal 
balance and the disturbed gene expression of extra 
chromosome 21 are products of mitotic error in the 
embryo development. The gene expression of extra 
chromosome 21 is a result of the failure of normal 
chromosomal segregation during maternal meiosis.  
Alternatively, oxidative stress caused by DNA damage 
plays a crucial role in clinical manifestation of DS (Biselli 
et al., 2008; Zitnanova et al., 2006), due to over-expression 
of antioxidant enzyme present in chromosome 21- 

associated with many other clinical traits including mental 
retardation and congenital heart disease (Carratelli et al., 
2005). 

Chromosome 21 contains 225 genes, some of which are 
believed to be located in the critical area of Down 
syndrome (DSCR), implicated in the pathogenesis of DS. 
However, the functions of most of the encoded proteins are 
still unknown. DSCR contains genes coding for Folate is 
significantly implicated in cellular methylation reactions 
(Fenech, 2005). Folic acid acts primarily as a single carbon 
unit donor involved in many essential body processes, 
including DNA and RNA synthesis and repair. Its 
metabolism is associated with the primary methyl group 
donor for methylation reactions of DNA, lipid, and 
proteins.  Proteins that carry folic acid are also crucial in 
sustaining DNA methylation because they determine the 
level of folate present in the cells (Yates, Z., and  Lucock , 
2005; Chango et al.,2000). Recent evidence indicates that 
up to ninety percent of children with psychological and DS 
are born from young mothers, and have other risk factors 
than maternal age (Hobbs et al., 2000 &2002). 

Some studies have suggested a relationship is found in 
the presence of DS and some mutations or polymorphism 
in genes of mother implicated in the mechanism of the 
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metabolism during folate acid transport and synthesis 
(Scala et al., 2006; Santos-Reboucas et al ., 2008). 

Homocysteine (Hcy) is a sulphuric amino acid 
produced via folate metabolism and could undergo 
reconstitution to methionine or conversion to cysteine in 
the transsulfuration pathway. Hcy concentration is affected 
by modifiable and non -modifiable factors such as vitamin 
status, sex, and genetic factors (Yelina et al., 2012). 

    Among the genes involved in the folic acid 
metabolism, reduced folate carrier 1 (RFC1) also known as 
SLC19A1 is by implication involved in neural tube 
defects, Down syndrome, and leukemia. RFC1 is found in 
the intestinal mucosa membrane.  According to Nguyen et 
al. (1997), RFC1 is involved in folic acid absorption by 
conveying 5-methyltetrahydrofolate into the cells. The 
A80G variant of the RFC1 gene could also be linked to the 
changes in products got in this metabolic pathway 
(Coppedè et al., 2006; Coppedè et al., 2013).  

Different research works have shown the pathogenicity 
of folate or the function of folate in preventing neural tube 
defects. Abnormal Folate and homocysteine metabolism 
lead to DNA strand breaks, chromosomal instability, 
impede DNA repair capability, DNA hypomethylation, 
and abnormal gene expression (Moustafa et al., 2016; 
Kazemi et al., 2016). Consequently, the current work aims 
to evaluate the serum  levels of folate and homocysteine in 
children with DS and compare them with normal controls. 
For the first time,  the RFC1 gene A80 G polymorphism 
was evaluated in Iraqi children with DS. 
Subjects, Materials, and Methods 

The study included a patient group of 40 children with 
DS from Baghdad Teaching Hospital –Medical City-
Ministry of Health, and from Al-Safa center in Zayoonah 
city, Baghdad, Iraq. This study was performed from April 
2019 to the end of September 2020.  

The control group included 26 (16 boys and ten girls) 
Iraqi pupils from 5 and sixth class Zamzam primary schools 
in Baghdad city, with the age range between 10 to 14 
years. 

All pupils who were involved in this study were intervi
ewed to allow for case-control design  by  comparing  
serum  folate and homocysteine levels as well as RFC1.  

1.1. Samples collection 

     We collected five milliliters of the venous blood 
sample from each child in the two study groups carried 
out.  Two ml- serum was used for biochemical analysis 
and two ml of the blood sample was transferred to EDTA 
tubes for molecular analysis to detect RFC1-A80G 
Polymorphism. 

1.2. RFC-1 Gene Polymorphism 

The genomic DNA was isolated from 66 blood samples 
collected in EDTA anticoagulant tubes from the two study 
groups, according to the protocol of the Relia Prep TM 
Blood gDNAMiniprep System Kit (Promega, USA).   
Polymorphism analyses by using PCR-RFLP, the 
amplification of primers were as reported by Neagos et al. 
(2010): forward of primer: 5’-AG TGT CAC CTT CGT 

CCC-3’ and the sequence for reverse 5’-TCC CGC GTG 
AAG TTC TTG-3’.   

The polymerase chain reaction for RFC - 1 gene A80G 
polymorphism was performed in a total volume of 25 μl, 
with PCR conditions as follow: one cycle of 94°C for 2 
minutes as a preliminary DNA denaturation step, followed 
by 44 cycles of 94°C for 30 seconds, 52°C for 30 seconds, 
and 72°C for 55 seconds, which is followed by 1 cycle at 
72°C for 7 minutes for a final extension. Five μl from each 
sample PCR product were electrophoresed to ensure the 
positive reaction of amplification. The PCR products were 
digested with Cfo I (Sigma, USA) with 0.5 μl restriction 
enzyme, which was added to 20 μl of PCR products for 3 
hr. The incubation period generated three parts of 125, 68, 
and 37 bp, with the G allele, while the A allele generated 
two parts of 162 and 68 bp. Amplicons were 
electrophoresed, and visualization was done by gel 2 % 
agarose which contains the ethidium stain bromide; after 
that, we reached the results from comparison to the ladder 
of 100- base pair.  

Serum Hcy and folate levels were measured according 
to the principle of immunoassay kits using Immulite 
analyzer –Siemens-Germany in teaching laboratory- 
hormonal and biochemical assay for the ministry of the 
health-medical city. 

1.3. Statistical Analysis: 

    The Statistical Analysis System- SAS 
(2012) method was adopted for the 
detection of the impact of various indicators 
in study parameters. T-test was utilized for 
a substantial comparison between means. 
The estimate of correlation coefficient-r in 
this study and the chi-square test were 
utilized in comparing allele and genotype 
frequenters between the two study groups. 
Odds ratio with 95% confidence interval in 
the DS group. P<0.05 was regarded as 
statistically significant (SAS. Version 9, 
2012). 

2. Results 

Table 1 illustrates the allele numbers and 
RFC1genotype frequencies for control and Down 
syndrome children by using Hardy-Weinberg equilibrium. 
The percentages of genotypes involved in this 
polymorphism for healthy normal children were the A-G 
(53.85%), A/A (30.77%), 15.38% ,and G/G genotypes 
respectively. 

    The children with DS group have a higher 
percentage of the genotype  A/G (50%) followed by  A/A 
(35%), then G/G genotypes (15%), without any statically 
significant differences about the polymorphism A–G in the  
RFC1 gene when compared  Down syndrome to healthy 
control children. 
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Table1. RFC1 rs 1051266, A/G genotypes and allele frequencies among study groups 

Group 

        Genotype (%) 
Allele frequency Persons chi-square 

X2(df=2) 
P AA 

N  (%) 

GG 

N  (%) 

AG 

N  (%) A G 

Control N=26 8(30.77) 4(15.38) 14(53.85) 0.58 0.42 
0.15 0.93 

Patients N=40 14(35) 6(15) 20(50) 0.6 0.4 

From the odds ratios calculation (table 2), the study 
subjects who carried the A/A or A/G genotypes of RFC1 
gene have a non-significant effect (p>0.05) Down 
syndrome risk (OR= 1.2, 95% CI=0.66-2.26), (OR= 1.08, 
95% CI= 0.48-2.43) in comparison to individuals who 
carried A/G genotype. 

The results showed that there was non-significant 
Down syndrome risk (OR= 1.13, 95% CI=0.48-2.68) when 
compared the subjects who carried the A/A genotype of 
RFC1 gene versus individuals who carried the G/G 
genotype. 

Table 2.  RFC1 A and G allele polymorphism in Down syndrome 
group 

 Genotypes OR     95%CI        P   

Down 
syndrome 

 A/A Vs. G/G 1.13 0.48-2.68 0.78 

A/A Vs. A/G 1.2 0.66-2.26 0.53 

0.85  G/G Vs. A/G 1.08 0.48-2.43 

The mean Homocysteine concentration in DS children 
showed a significant decrease (5.54 ± 0.94), compared to 
the control group (7.14 ± 1.46) (P = 0.01). The serum 
levels of folate were significantly lower in the DS group 
(6.99 ± 1.16) when compared to the control group (7.86 ± 
1.78) as presented in table 3. However,    there were no 
statistically significant differences between the 
concentration of Hcy and folate with gender in DS or 
normal healthy children (Table 4). There was no 
significant correlation between the Hcy concentration and 
folate level of the DS group and controls, as shown in table 
5. 

Table 3. Comparison between DS and control in Homocysteine 
and Folate 

Group    Mean ± SD                                 

 Homocysteine Folate 

DS 5.54 ± 0.94 6.99 ± 1.16 

Control 7.14 ± 1.46 7.86 ± 1.78 

T-Test 0.591 ** 0.725 * 

P-value 0.0001 0.0206 

* (P<0.05), ** (P<0.01) 

Table 4. Comparison between DS and control in Homocysteine 
and Folate 

Group  Sex                  Mean ± SD 

  Homocysteine Folate 

 

DS  

Male  5.83 ± 0.82 7.11 ± 1.34 

Female  5.10 ± 0.95 6.82 ± 0.85 

T-Test 0.575 NS 0.768 NS 

 

Control  

 

Male  7.34 ± 1.52 7.90 ± 1.88 

Female  6.84 ± 1.40 7.79 ± 1.72 

T-Test 1.228 NS 1.515 NS 

** (P<0.01), NS: Non-Significant 

Table 5. The correlation coefficient between Homocysteine and 
Folate in patients and control 

Group        Parameters  
Correlation 
coefficient-r 

Level of sig. 

DS Homocyst and Folate       0.19 NS 

Control Homocyst and Folate       0.13 NS 

NS: Non-Significant 

3. Discussion 

Folic acid is a coenzyme in the folate metabolism that 
works by transferring the active form of folic acid to cells, 
which can affect the activity of enzymes that take a critical 
function as a risk factor for homocysteine level and many 
other diseases such as defects in neural senses and 
cardiovascular diseases (Zampieria et al., 2012).  

The gene included in the metabolism of folic acid and 
folate is RFC1, also named SLC19A1; the purpose of our 
work is to compare the presence of RFC1 rs1051266, 
A80G polymorphism in DS children and healthy (Locke et 
al., 2010). In the present study, as appearing by chi- sequre 
test, it was found the allele A was more frequent than 
allele G in both DS and control children groups. No 
significant difference was detected in A80G polymorphism 
between the two groups. 

Also, Neagos et al. (2010) indicate that the G allele 
may alter and increase the risk and probability to born 
child with DS from mothers over 34 in southern Italy. 
However, Saghazadeh et al. (2017) considered the 
presence of the G allele as a risk factor for nsCLP in 
Iranian infants but considered the result to be 
commendable due to other conditions such as gene-
environment interaction and amount of folic acid that play 
a role in the etiology. Similarly, in the Indian population, 
Lakkakula et al. (2015) demonstrated the association of 
allele G with nsCLP, and they consider the allele G to be 
associated with the Asian population. 

Additionally, it was found that the AA is the most 
common genotype in DS children (35%) than the control 
group (30%). However, this was not a statistically 
significant difference. In recent years, due to the increased 
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occurrence of children with DS from mothers at an early 
age, it indicates that other factors are acting, as DS mainly 
occurs at older age, leading to the study of physiological 
conditions and mechanisms that are best to grow DS 
fetuses. The studies on cell cultures demonstrated the 
folate deficiency is eligible to stimulate chromosome 21 
aneuploidy, and the results assumed DS has many causes 
linked to genetic and acquired factors such as epigenetic or 
environmental and random origin. Therefore, it is difficult 
to establish and identify the effect of the first contribution 
to each of these factors (Varga et al., 2006). 

   The variation in the allele and genotype distribution 
maybe due to the differences in the sample of this study 
and genetic background differences of children adding to 
the impact of complicated environmental factors.  

    In our study, mean folate level in DS children was 
substantially lower than in the control group; this result 
agrees with study by Fillon-Emery et al. (2004) and Varga 
et al. (2008). However, this result disagrees with the 
results of Gueant et al. (2005) who did not observe the 
significant differences between DS and healthy individuals 
in the folate level while the level in this study let down 
than the folate concentration in the study of Kumar and his 
group (2014) in Indian children with DS, who proved 
active folate deficiency despite normal plasma amount of 
folate. 

The folic acid level in this study was found to be below 
the biological range value in healthy children and DS 
children, and this can be explained by the fact that all cases 
and the control group were children with poor conditions, 
malnutrition, and wars with shelling   Essential sources of 
dietary folates are fruits, beans, cereals, green vegetables, 
and calf liver which is referred to as single carbon 
metabolism, to produce the main intracellular methylating 
like the S-adenosylmethionine (SAM). At the same time, 
DNA is also producing the precursor of the RNA 
(Pogribna et al., 2001). Folate is considered one of the 
molecules having the hydrophilic characters  which were 
not able to pass the membrane of  biological object  
through promulgation alone unless by using various 
transport system to get in the cells. 

In this study, the mean of serum Hcy concentration was 
significantly decreased (p<0.01) among children from 
control, and the current result of lowering the Hcy 
concentration of children with DS agrees with the study of 
Pogribna et al. (2001) and Meguid et al. (2010). 

Similarly, Nandha Kumar et al. (2014) observed 
hyperhomocysteinemia in DS. They explained that it could 
be as a result of the elevation in the transsulfuration for the 
Hcy pathway, which originates from the increase in the 
expression of cystathionine B synthase on chromosome 
number 21 which leads to deficiency and decrease in the 
functional folate Also explained that decreasing and 
increasing folate concentration and Hcy with the 
advancement in the children's age, which was described by 
the increased requirement for folate in the early stage of 
the growth and development of infants. The results of the 
present study about gender variations in the concentration 
of folate and Hcy between boys and girls of DS children or 
in normal healthy were statistically not significant, and this 
may be caused by that in our study all samples of children 
were at the stages of growth and development, in Iraq  

Gueant et al. (2005) and Laraqui et al. (2006) revealed 
that a high Hcy level may be harmful and is particularly 

linked to the elevated risk for heart diseases and 
psychiatric with neurodegenerative disorders. According to 
the Hobbs et al. (2000 and 2002) study, the presence of 
genetic variants in genes implicated in the folate 
metabolism among individuals with DS may lead to a 
survival advantage. Hcy is responsible for a critical role in 
folate-dependent DNA synthesis. Hcy plays an essential 
part in the reactions of cellular methylation that are 
essential for the growth of the fetus and the interaction of 
fetal and maternal genotypes. 

The preferable recognition of folate transporter was 
expressed reduced RFC-1 which takes part in the 
regulation and function of the cofactor of the folate 
involved in the blood (Stanger, 2002). Also,  guide work 
of RFC-1 functions of specialized tissue like assimilation 
of the luminal layer of the intestine and the uptake for 
folate through the process as barriers between blood and 
the brain organ transplacental transmission of folate and 
travel through some tubules and membranes in the kidney. 
Decreasing of folate in cells outcome from disequilibrium 
in the DNA methylation process, chromosome breakage, 
point mutations, aneuploidy, and chromosome 
recombination defect while related to various diseases of 
humans such as cardiovascular diseases and congenital 
diseases, neuropsychiatric disorders, and cancer (Santos-
Reboucas et al., 2008). 

4. Conclusion   

The results of our work revealed a substantial decline 
in the Hcy and folate levels in DS children when compared 
to the control group, but not significant with the gender. 
There was no correlation between the Hcy concentration 
and folate level of the DS group.  

The results showed that the frequencies of RFC-1 
alleles and A80G genotypes (GG Vs AA, AA Vs AG, GG 
Vs AG) had no risk with Down syndrome in a sample of 
Iraqi children. Thus, we need further studies with a large 
sample of children in comparison with mothers of DS 
birth. 
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Abstract 

This study used the physical method to synthesize calcium oxide nanoparticles (CaO NPs) from eggshell. The method 
provided a new and improved approach with the advantage of being low cost as it uses eggshell waste as a synthesis 
precursor. Calcium oxide is an important inorganic compound with many biomedical applications because of its anti-
microbial activities against gram negative Escherichia coli and the gram positive Staphylococcus aureus. Results showed 
that the mean inhibition increased with increased concentration of calcium oxide particles (70, 140, 280, and 560) μg/ml. 
The obtained particles were characterised by scanning electron microscopy, energy dispersive X-ray spectroscopy, and X-
ray diffraction. The images showed that the calcium oxide NPs were nearly spherical granules. The annotated SEM images 
that produced the CaO NPs had a mean size of 20-70 nm. 

Keyword: Calcium oxide, Nanoparticles, Thermal decomposition , Staphylococcus aureus, Escherichia coli 
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1. Introduction  

Scientists confirm that nanotechnology has 
revolutionized science in recent years .this development is 
clearly due to the unique general properties of 
nanoparticles (NPs) in terms of surface area (increased 
surface to volume ratio), particle size, charge, shape, and 
magnetic properties compared with its bulk counterparts 
which give nanomaterials improved and unique properties 
that enable their wide-ranging applications, such as in 
space, electronics, and energy (Kanude and Jain, 2017; 
Sorbiun et al.,2018) where NPs are more effective 
chemically and feasible at low temperatures (Bundschuh et 
al.,2018). The nanotechnology field has achieved 
extensive progress (Bano and Pillai, 2020). Thus, they are 
included in optical applications and catalysis applications 
(Zhang and Wang, 2017). 

The importance of metal oxide NPs is attributed to their 
numerous applications, including medical ones such as 
drug delivery (Anderson et al., 2019), bio-imaging 
(McNamara et al., 2020), biosensors (Fathi et al., 2019), 
hyperthermia (Salem et al., 2020), gene mapping, and gene 
delivery (Zhang et al., 2015). Apart from their biological 
importance owing to their low toxicity, chemical stability, 
and biocompatibility (Karimi et al., 2013), metal oxide 
nanoparticles are also involved in catalysis applications 
(Yang et al., 2017) and environmental treatment (Zhang et 
al., 2017). 

Calcium oxide (CaO) is an alkali-earth metal oxide 
considered as a promising oxide because of its many 
applications. One of the most important advantages of 
CaO NPs is its easy and low-cost production (Bano and 

Pillai, 2020). CaO has been used as a catalyst in many 
reactions (Kumar et al., 2016). The reaction of CaO with 
CO2, SO2, and NOX may increase the use of calcium oxide 
as an excellent absorbent (Bharathiraja et al., 2018). It is 
also considered a narcotic to modify the optical properties 
(Mirghiasi et al., 2014), for the purification of vehicle 
exhaust gas (Habte et al., 2019), removal of sulfur from 
flue gas, and control of pollutant emissions (Liu et al., 
2010), and it can serve as a treatment agent for toxic waste 
(Safaei-Ghomi et al., 2013) and an additive in refractory 
materials (Mirghiasi et al., 2014). In the medical field, a 
CaO NPs have applications in drug delivery (Butt et al., 
2015), where the above research mentioned studied the 
toxicity of CaO nanoparticles in rats using manual 
hematoxylin and eosin staining protocols and acute tubular 
and hepatic degenerations were observed in the kidneys 
and liver respectively. CaO NPs are used as a synaptic 
factor of chemotherapeutic agents, and in phototherapy 
(Aseel et al., 2018). Calcium oxide and calcium hydroxide 
Ca(OH)2 NPs have proven efficacy in human root dentin 
by the elimination of Enterococcus faecalis (Louwakul et 
al., 2017). 

 The synthesis processes for calcium oxide NPs vary 
and always preferred the process which gives the best 
performance in terms of surface area (Habte et al., 2019). 
Synthesis methods are generally divided into physical, 
chemical, and Biological. Physical methods include 
thermal decomposition (Sadeghi and Husseini, 2013), 
sono-chemical method (Amin and Morsali, 2010), and 
microwave processing (Roy et al., 2013), whereas 
chemical ones include co-precipitation (Ghiasi and 
Malekzadeh, 2012) and sol-gel method (Darcanova et al., 
2015). Biological or green methods may include the use of 
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some plant extracts such as Mentha piperita (Ijaz et al., 
2017), benign papaya leaf extract and green tea extract 
(Anantharaman et al., 2016), and rhododendron arboretum 
extracts (Ramola et al., 2019). These plant extracts contain 
many bioactive compounds such as antioxidants, phenolic, 
enzymes, amino acids, and sterols that act as a reducing 
agent (Aljabali et al., 2018; Vani et al., 2017; Some et al., 
2018).   

Eggshells contain about 85-95 % of calcium carbonate 
(Awogbemi et al., 2020), and the rest consists of protein 
and minerals (Mustapha et al., 2020). Each gram of 
eggshell contains 381-401 mg of calcium (Brun et al., 
2013). In the industry, eggshells have many applications 
(Cree and Rutter, 2015). Eggshells contain large amounts 
of calcite or calcium carbonate (CaCO3), which are the 
basic material for the manufacture of limestone and lime. 
The limestone produced by eggshells is characterized by 
its purity, unlike the quarried limestone, which contains 
minerals, clay, and sand. Limestone is used as a filler in 
plastics, cement, and rubber. calcium carbonate can be 
transformed into calcium oxide by heating. CaO is known 
as lime or quicklime, which used to remove the acidity of 
agricultural soils and gardens. Lime is considered an 
ingredient in Portland cement. The overall calcination 
reaction of the eggshell powder is the conversion of 
CaCO3 to CaO and CO2, as follows (Nuryantini et al., 
2019). 

CaCO3 (s) → CaO (s) + CO2 (g) 
 Researchers have demonstrated the importance of the 

particulate size of metal oxides in anti-microorganism 
activity as it is characterised by high bacterial resistance 
and great thermal stability (Nirmala et al., 2013). In 
addition to the histocompatibility of calcium oxide and its 
anti-microbial potential (Mohammadi and Dummer, 2011), 
CaO NPs also have a strong anti-bacterial activity related 
to active oxygen species and alkalinity owing to increased 
pH by hydrating CaO with water and the superoxide 
generated on its surface, Figure 1 shows characterization 
of CaO NPs as anti-microbial agent (Yamamoto et al., 
2010). 
 

Figure1. Characteristics of calcium oxide as anti- 
Microbial agent. 

 
Staphylococcus aureus is one of the most common 

microorganisms that cause human and animal infections 
alike (Foster and Geoghegan, 2015). The risk of infection 
increases in cases of immune deficiency. It is treated with 
penicillin anti-biotics, but the process became difficult 
owing to the development of resistance against most 
common anti-biotics because it carries multiple resistance 
to wide ranging antibiotics bearing the beta-lactam ring 
(Lee et al., 2018). 

Escherichia coli is a Gram negative bacillus that is 
widespread in nature and lives in the intestines of humans 
and mammals. It is found in soil and surface waters 
contaminated with human and animal feces. Most of its 
types are not pathogenic, but they do become pathogenic 
after acquiring virulence factors (Roth et al., 2019). 

The present study aimed to examine the synthesis of 
calcium oxide NPs through calcination of eggshells after 
grinding and burning them at 900 °C. The calcium oxide 
NPs formed were analysed by scanning electron 
microscopy (SEM), X-ray diffraction (XRD), and energy-
dispersive X-ray spectroscopy (EDX) techniques. The 
effects of these particles on inhibiting the growth of S. 
aureus and E. coli bacteria were also investigated. It can 
be concluded from this study that the preparation of 
calcium oxide NPs gave good and encouraging 
preliminary results for future work as an anti-microbial 
agent. 

2. Materials and methods 

2.1. Materials  

Local waste eggshell. Muller-Hinton (M-H) agar from 
Hi-Media (India), and ‘‘Riedel-de Haen” (Germany), 
Deionized water (H2O) from Chem-Lab (Belgium).  

2.2. Preparation of CaO NPs 

Eggshells were collected from some houses after using 
the eggs. The shells were washed, and the internal 
membranes attached onto the eggshell were removed. The 
shells were dried at room temperature after breaking them 
into small pieces. The dried shells were ground using an 
electrical milling machine for 5 min, after which the fine 
powder was calcined at 900 °C for 1 h, as shown in Figure 
2. The resulting nano-calcium oxide was characterised by 
SEM, XRD, and EDX techniques. 
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Figure 2. Diagram of preparation and applications of CaO NPs 

2.3. Characterization of CaO NPs 

Calcium oxide NPs size was measured by SEM to 
identify morphology. The content of all materials present 
in the composite CaO was determined by EDX. The 
crystalline size and structure of NPs were determined by 
XRD using an automated diffractometer (Shimadzu 6000 
XRD) with Cu-Kα radiation (λ = 1.5418 Å). 

2.4. Anti-bacterial activity of CaO NPs 

   The anti-bacterial activity of the CaO NPs was tested 
against the Gram negative E. coli and the Gram positive S. 
aureus through an agar-well diffusion technique (Kadhim 
et al., 2019).  After culturing the organisms into the bored 
wells, different concentrations of CaO NPs (70, 140, 280, 
and 560) μg/ml were used. CaO NPs and the test 
organisms in cultured plates were incubated for 24 hours at 
37 °C. Afterwards, the average diameter of the generated 
zones of bacterial inhibition by the respective CaO NPs 
concentrations was measured and recorded. The 

experiments were performed in triplicate (Mohammed et 
al., 2020). 

2.5. Statistical analysis  

 The obtained data were statically analyzed using an 
unpaired t-test. (Ali et al., 2018). The values are presented 
as the mean ± SD of triplicate measurements (Younus et 
al., 2019). 

3. Result and discussion 

3.1. SEM 

Figure 3 shows the morphology and size of spherical 
calcium oxide NPs prepared by the thermal decomposition 
of waste eggshell at 900 °C with a scanning electron 
microscope. The images showed particle diameters 
ranging from (20-70) nm as demonstrated in the SEM 
images. 

 

Figure 3: SEM micrograph of CaO NPs
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3.2. XRD  analysis 

      Figure 4 shows the XRD patterns of CaO NPs 
prepared by thermal decomposition compared with those 
of ICDD card No. 00-004-0784, which is the standard 
reference for CaO NPs. The diffraction peaks indexed to 
(111), (200), (220), (311), and (222) corresponded to the 
peaks at 2θ = 38.12°, 44.28°, 64.47°, 77.73°, and 80.10°, 
respectively, all these peaks confirmed the face-centered 
cubic structure of CaO as indicated in ICDD card No. 
JCPDS No. 00-033-0664. 

 
Figure 4: X-ray diffractions of CaO NPs powders after 
calcination at 900 °C temperatures 

3.3. EDX analysis 

       To emphasize the presence and formation of Cao 
NPs, EDX analysis was performed with focus on different 
regions. Identical peaks are shown in Fig. 5. CaO NPs can 
be seen in the composite nanostructure in the EDX 
spectrum. As shown in the bottom spectrum, the weight 
percentages of Ca and O were 71.4% and 28.6% 
respectively, and σ was 0.9 for both. Energy-dispersive X-
ray analysis showed the main peaks of calcium and 
oxygen. No other peaks related to impurities have been 
assigned in the spectra which confirm the purity of the 
CaO NPs. 

Figure 5: Energy dispersive X-ray analysis of CaO 
NPs powders after calcination at 900 °C temperature 

3.4. Anti-microbial activity 

   Owing to the large surface area and small particle 
size of CaO NPs, they exhibited good anti-bacterial 
reactivity. Conversely, owing to the small size of the 
particles, they can easily enter the bacterial cells, and 
inhibition occurred inside the bacterial cells. CaO NPs 
destroyed and distorted the cell membrane, leading to 
bacterial cell death (Ramola et al., 2019). Figures 6 and 7 
show the mean diameter of inhibition of calcium oxide 
NPs against E. coli and S. aureus. With increased 
concentration of calcium oxide NPs, the mean diameters of 
inhibition increased. The effect of inhibition appeared 
from the concentration 70 μg/ml, and it increased directly 
with increased concentration. The highest mean diameter 
of inhibition appeared at a concentration of 560 μg/ml 
against E. coli and S. aureus. These results were consistent 
with previous studies (Jeong et al., 2007; Anantharaman et 
al., 2016) in terms of the effectiveness of calcium oxide 
against E. coli and S. aureus. The effects of concentration 
and pH, considered as the main factors affecting anti-
microbial activity, also agreed with previous results 
(Yamamoto et al., 2010). 

 
Figure 6: Anti-bacterial activity of CaO NPs against Staphylococcus aureus. 1. Represented control untreated bacterial strain. 2. Bacterial 
strain treated with CaO NPs at concentration 70 μg/ml  3. Bacterial strain treated with CaO NPs at concentration 140 μg/ml 4. Bacterial 
strain treated with CaO NPs at concentration 280 μg/ml 5. Bacterial strain treated with CaO NPs at concentration 560 μg/ml 
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Figure 7: Anti-bacterial activity of CaO NPs against Escherichia coli ,1. Represented control untreated bacterial strain  2.  Bacterial strain 
treated with CaO NPs at concentration 70 μg/ml 3. Bacterial strain treated with CaO NPs at concentration 140 μg/ml 4. Bacterial strain 
treated with CaO NPs at concentration 280 μg/ml 5. Bacterial strain treated with CaO NPs at concentration 560 μg/ml 

4. Conclusion 

 We proposed a method that was economical, simple, 
and did not require expensive equipment to synthesize 
calcium oxide particles from eggshells containing a high 
percentage of calcium carbonate. The NPs formed were 
characterised by SEM, EDX, and XRD analyses. SEM 
images showed the formation of spherical granules with 
sizes ranging from (20 – 70) nm. Studies on the synthesis 
of calcium oxide particles confirmed the effectiveness of 
these particles against the Gram negative E. coli and the 
Gram positive S. aureus. Furthermore, increased 
concentration was found to directly affect the mean 
diameters of inhibition. 

 
Acknowledgement 

  The authers would like to acknowledge the 
contribution of the University Of Anbar 
(www.uoanbar.edu.iq) via their prestigious academic staff 
in supporting this research with all required technical and 
academic support. 

References  

Ali IH, Jabir MS, Al-Shmgani HSA, Sulaiman GM and Sadoon 
AH. 2018. Pathological And immunological study on infection 
with escherichia coli in ale balb/c mice. In: J Phys Conf Ser., IOP 
Publishing., 1003(1): 012009. 

Aljabali AAA, Akkam Y, Zoubi MS Al, Al-Batayneh KM, Al-
Trad B, Abo Alrob O, Alkilany AM, Benamara M and Evans DJ. 
2018. Synthesis of gold nanoparticles using leaf extract of 
Ziziphus zizyphus and their antimicrobial activity. 
Nanomaterials., 8: 174. 

Amin Alavi M and Morsali A. 2010. Ultrasonic-assisted synthesis 
of Ca (OH) 2 and CaO nanostructures. J Exp Nanosci., 5: 93–105. 

Anantharaman A, Ramalakshmi S and George M. 2016. Green 
synthesis of calcium oxide nanoparticles and its applications. Int J 
Eng Res Appl., 6: 27–31. 

Anderson SD, Gwenin V V and Gwenin CD. 2019. Magnetic 
functionalized nanoparticles for biomedical, drug delivery and 
imaging applications. Nanoscale Res Lett., 14: 1–16. 

Aseel MA, Itab FH and Ahmed FM. 2018. Producing high purity 
of metal oxide nano structural using simple chemical method. In J 
Phys Conf Ser., IOP Publishing, 1032(1): 012036. 

Awogbemi O, Inambao F, and Onuh EI. (2020). Modification and 
characterization of chicken eggshell for possible catalytic 
applications. Heliyon., 6(10): e05283. 

Bano S and Pillai S. 2020. Green synthesis of calcium oxide 
nanoparticles at different calcination temperatures. World J Sci 
Technol Sustain Dev., 17: 283–295. 

Bharathiraja DB, Sutha M, Krishnamoorthy S, Masi C, 
Dinakarkumar Y, Ramanujam PK. 2018. Calcium oxide 
nanoparticles as an effective filtration aid for purification of 
vehicle gas exhaust. In: Advances in internal combustion engine 
research. Springer, Singapore, pp. 181–192. 
https://doi.org/10.1007/978-981-10-7575-9_9 

Brun LR, Lupo M, Delorenzi DA, Loreto VE Di and Rigalli A. 
2013. Chicken eggshell as suitable calcium source at home. Int J 
Food Sci Nutr., 64: 740–743. 

Bundschuh M, Filser J, Lüderwald S, McKee MS, Metreveli G, 
Schaumann GE, Schulz R and Wagner S. 2018. Nanoparticles in 
the environment: where do we come from, where do we go to? 
Environ. Sci. Eur. 30(6): 1-17 

Butt AR, Ejaz S, Baron JC, Ikram M and Ali S. 2015. CaO 
Nanoparticles As A Potential Drug Delivery Agent For 
Biomedical Applications. Dig J Nanomater Biostructures., 10(3): 
799 - 809 

Cree D and Rutter A. 2015. Sustainable bio-inspired limestone 
eggshell powder for potential industrialized applications. ACS 
Sustain. Chem. Eng., 3: 941–949. 

Darcanova O, Beganskiene A and Kareiva A. 2015. Sol-gel 
synthesis of calcium nanomaterial for paper conservation. 
Chemija., 26: 25–31. 

Fathi F, Rashidi M-R and Omidi Y. 2019. Ultra-sensitive 
detection by metal nanoparticles-mediated enhanced SPR 
biosensors. Talanta., 192: 118–127. 

Foster TJ and Geoghegan JA. 2015. Staphylococcus aureus. Mol 
Med Microbiol. Academic Press, pp. 655–674. 

Ghiasi M and Malekzadeh A. 2012. Synthesis of CaCO3 
nanoparticles via citrate method and sequential preparation of 
CaO and Ca (OH) 2 nanoparticles. Cryst Res Technol., 47: 471–
478. 



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 2 

 

274 

Habte L, Shiferaw N, Mulatu D, Thenepalli T, Chilakala R and 
Ahn JW. 2019. Synthesis of nano-calcium oxide from waste 
eggshell by sol-gel method. Sustainability., 11: 3196. 

Ijaz U, Bhatti IA, Mirza S and Ashar A. 2017. Characterization 
and evaluation of antibacterial activity of plant mediated calcium 
oxide (CaO) nanoparticles by employing Mentha pipertia extract. 
Mater Res Express., 4: 105402. 

Jeong MS, Park JS, Song SH and Jang SB. 2007. Characterization 
of antibacterial nanoparticles from the scallop, Ptinopecten 
yessoensis. Biosci Biotechnol Biochem.,71: 2242–2247. 

Kadhim WKA, Nayef UM and Jabir MS. 2019. Polyethylene 
glycol-functionalized magnetic (Fe3O4) nanoparticles: a good 
method for a successful antibacterial therapeutic agent via damage 
DNA molecule. Surf Rev Lett., 26: 1950079. 

Kanude KR and Jain P. 2017. Biosynthesis of CdS nanoparticles 
using Murraya Koenigii leaf extract and their biological studies. 
Int J Sci Res Multidiscip Stud., 3: 5–10. 

Karimi Z, Karimi L and Shokrollahi H. 2013. Nano-magnetic 
particles used in biomedicine: Core and coating materials. Mater 
Sci Eng C., 33(5): 2465–2475. 

Kumar D, Kuk H and Ali A. 2016. One-pot solvent-free synthesis 
of fatty acid alkanoamides from natural oil triglycerides using 
alkali metal doped CaO nanoparticles as heterogeneous catalyst. J 
Ind Eng Chem., 38: 43–49. 

Lee AS, Lencastre H de, Garau J, Kluytmans J, Malhotra-Kumar 
S, Peschel A and Harbarth S. 2018. Methicillin-resistant 
Staphylococcus aureus. Nat Rev Dis Prim., 4: 1–23. 

Liu T, Zhu Y, Zhang X, Zhang T, Zhang T and Li X. 2010. 
Synthesis and characterization of calcium hydroxide nanoparticles 
by hydrogen plasma-metal reaction method. Mater Lett., 64: 
2575–2577. 

Louwakul P, Saelo A and Khemaleelakul S. 2017. Efficacy of 
calcium oxide and calcium hydroxide nanoparticles on the 
elimination of Enterococcus faecalis in human root dentin. Clin 
Oral Investig., 21: 865–871. 

McNamara K, Tofail SAM, Thorat ND, Bauer J and Mulvihill 
JJE. 2020. Biomedical applications of nanoalloys. Nanoalloys, p. 
381–432. 

Mirghiasi Z, Bakhtiari F, Darezereshki E and Esmaeilzadeh E. 
2014. Preparation and characterization of CaO nanoparticles from 
Ca (OH) 2 by direct thermal decomposition method. J Ind Eng 
Chem., 20: 113–117. 

Mohammadi Z and Dummer PMH. 2011. Properties and 
applications of calcium hydroxide in endodontics and dental 
traumatology. Int Endod J., 44: 697–730. 

Mohammed MKA, Mohammad MR, Jabir MS and Ahmed DS. 
2020. Functionalization, characterization, and antibacterial 
activity of single wall and multi wall carbon nanotubes. In: IOP 
Conf. Ser. Mater. Sci. Eng., IOP Publishing, 757(1): 12028. 

Mustapha K, Ayinla R, Ottan AS and Owoseni TA. 2020. 
Mechanical properties of calcium carbonate/eggshell particle 
filled polypropylene Composites. MRS Adv ., 5: 2783–2792. 

Nirmala PN, Suresh G and Karunakaramoorthy K. 2013. 
Influence of annealing temperature on optical properties of cao 
thin films. Int J Recent Sci Res., 4: 425–427. 

Nuryantini AY, Sundari CDD, Halimahtussa’diah H and Nuryadin 
BW. 2019. Synthesis and Characterization of Calcium Oxide 

Nanoparticles from Duck Eggshells using Ball Milling Methods. J 
kim Valensi., 5: 232–235. 

Ramola B, Joshi NC, Ramola M, Chhabra J and Singh A. 2019. 
Green synthesis, characterisations and antimicrobial activities of 
CaO nanoparticles. Orient J Chem., 35: 1154. 

Roth N, Käsbohrer A, Mayrhofer S, Zitz U, Hofacre C and Domig 
KJ. 2019. The application of antibiotics in broiler production and 
the resulting antibiotic resistance in Escherichia coli: A global 
overview. Poult Sci., 98: 1791–1804. 

Roy A, Gauri SS, Bhattacharya M and Bhattacharya J. 2013. 
Antimicrobial activity of CaO nanoparticles. J Biomed 
Nanotechnol., 9: 1570–1578. 

Sadeghi M and Husseini MH. 2013. A novel method for the 
synthesis of CaO nanoparticle for the decomposition of sulfurous 
pollutant. J Appl Chem Res., 7: 39-49. 

Safaei-Ghomi J, Ghasemzadeh MA and Mehrabi M. 2013. 
Calcium oxide nanoparticles catalyzed one-step multicomponent 
synthesis of highly substituted pyridines in aqueous ethanol 
media. Sci Iran., 20: 549–554. 

Salem NFA, Abouelkheir SS, Yousif AM, Meneses-Brassea BP, 
Sabry SA, Ghozlan HA and El-Gendy AA. 2020. Large scale 
production of superparamagnetic iron oxide nanoparticles by the 
haloarchaeon Halobiforma sp. N1 and their potential in localized 
hyperthermia cancer therapy. Nanotechnology., 32: 09LT01. 

Sorbiun M, Shayegan ME and Ramazani A. 2018. Biosynthesis of 
metallic nanoparticles using plant extracts and evaluation of their 
antibacterial properties. Nanochemistry Res., 3: 1–16. 

Some S, Sen IK, Mandal A, Aslan T, Ustun Y, Yilmaz EŞ, Katı 
A, Demirbas A, Mandal AK and Ocsoy I. 2018. Biosynthesis of 
silver nanoparticles and their versatile antimicrobial properties. 
Mater Res Express., 6: 12001. 

Vani P, Manikandan N and Vinitha G. 2017. A green strategy to 
synthesize environment friendly metal oxide nanoparticles for 
potential applications: a review. Asian J Pharm Clin Res: 337–
343. 

Wang L, Hu C and Shao L. 2017. The antimicrobial activity of 
nanoparticles: present situation and prospects for the future. Int J 
Nanomedicine., 12: 1227. 

Yamamoto O, Ohira T, Alvarez K and Fukuda M. 2010. 
Antibacterial characteristics of CaCO3–MgO composites. Mater 
Sci Eng B., 173: 208–212. 

Yang Q, Xu Q and Jiang H-L. 2017. Metal–organic frameworks 
meet metal nanoparticles: synergistic effect for enhanced 
catalysis. Chem Soc Rev., 46: 4774-4808. 

Younus A, Al-Ahmer S and Jabir M. 2019. Evaluation of some 
immunological markers in children with bacterial meningitis 
caused by Streptococcus pneumoniae. Res J Biotechnol., 14: 131–
133. 

Zhang H, Nai J, Yu L and Lou XWD. 2017. Metal-organic-
framework-based materials as platforms for renewable energy and 
environmental applications. Joule., 1: 77–107. 

Zhang Y and Wang Y. 2017. Nonlinear optical properties of metal 
nanoparticles: a review. RSC Adv., 7(71): 45129-45144. 

Zhang D, Wang J, Wang Z, Wang R, Song L, Zhang T, Lin X, Shi 
P, Xin H and Pang X. 2015. Polyethyleneimine-coated Fe3O4 
nanoparticles for efficient siRNA delivery to human mesenchymal 
stem cells derived from different tissues. Sci Adv Mater., 7: 1058–
1064.

 































JJBS  
Volume 15, Number 2,June  2022

ISSN 1995-6673
Pages  289 – 294 

https://doi.org/10.54319/jjbs/150217 
Jordan Journal of Biological Sciences                                                                                                                                                  

 

Optimization of Bioremediation Enhancement Factors in an Aged 
Crude Oil Polluted Soil. 

Lawrence Edemhanria1,* and Christopher Chijindu Osubor2 
1Chemical Sciences Department, Samuel Adegboyega University, Ogwa, Nigeria; 2Department of Biochemistry, University of Benin, Benin 

City, Nigeria 

Received: April 7, 2021; Revised: July 8, 2021; Accepted: July 15, 2021 

Abstract 

Bioremediation as an environmentally friendly method of restoration of crude oil polluted soil is influenced by several 
conditions. This study was designed to optimize some bioremediation enhancement factors including soil moisture content, 
agitation or mixing and nutrient ratio. Baseline properties of the soil samples were determined using standard analytical 
procedures. The crude oil polluted soil studied was seeded with mixed microbial consortium and differentially supplemented 
with inorganic nitrogen and phosphorus using carbon, nitrogen and phosphorus ratios 100:10:1 and 100:2:0.2. The initial 
sample moisture content was adjusted to 80% of its water holding capacity. Subsequently, moisture content adjustment and 
mixing were done at different intervals while the experiment lasted.  Residual total petroleum hydrocarbon was measured 
every 6 days. Mixing the set-up every three days and moisture content adjustment every six days resulted in more efficient 
crude oil attenuation in the contaminated soil while carbon, nitrogen and phosphorus ratio 100:2:0.2 yielded statistically 
significant (p<0.05) higher crude oil degradation (90.99 ± 0.02%) over 100:10:1 ratio (78.15 ± 0.03%) after 36 days of 
remediation. The results obtained suggest that use of optimized site-specific conditions would enhance the microbial driven 
process of soil attenuation. 

Keywords: Bioremediation, crude oil, moisture content, nutrient ratio, optimization, polluted soil.
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1. Introduction 

Oil exploration and other related activities remain a 
global concern because of the attendant environmental 
degradation and negative effect on the ecosystem 
(Ugochukwu and Ertel, 2008; Sam et al., 2017; Ite et al., 
2018). Several approaches including physical, chemical 
and biological techniques are in place to manage this 
associated pollution (Siles and Margesin, 2018). However, 
biological remediation or bioremediation is preferred as it 
is reliable, cheap, efficient and eco - compatible (Azubuike 
et al., 2016; Speight and El-Gendy, 2018). Indigenous 
microbes with potential to transform pollutants play an 
important role in this natural process of soil restoration 
(Azubuike et al., 2016; Chauhan et al., 2017).  

A number of factors influence the optimum functioning 
of these microbes with effect on the rate of the 
bioremediation process. Some of these conditions include 
the nature of the pollutants, pH, temperature, nutrients, 
aeration, moisture, the impacted soil type and appropriate 
density of oleophilic microbes (Macaulay, 2015; Azubuike 
et al., 2016; Varjani, 2017; Speight and El-Gendy, 2018). 
Microbes require nutrients like carbon, nitrogen and 
phosphorus to support their metabolic activities (Bamforth 
and Singleton, 2005; Ghaly et al., 2013). Crude oil 
pollution leads to depletion of available nitrogen and 
phosphorus in impacted soil (Ghaly et al., 2013). The 
introduction of the depleted nutrients stimulates the 

activity of soil microbes during bioremediation (Walworth 
et al., 2007; Varjani, 2017). These limiting nutrients must 
be introduced to the soil at optimum levels to enhance 
biodegradation; nitrogen supplied at high concentration 
can be inhibitory to microbial activity (Huesemann, 1994; 
Walworth et al., 2007, Onwosi et al., 2018). 

Since the biotransformation of crude oil in polluted soil 
occurs mainly by aerobic process with molecular oxygen 
playing important role, oxygen deficiency reduces the rate 
of bioremediation (Jain et al., 2011). Periodic tilling of the 
impacted soil helps to increase microbial activity due to 
enhanced aeration, uniform distribution of nutrients and 
also the pollutants (Azubuike et al., 2016). Water in soil 
promotes microbial metabolism, diffusion of oxygen, 
nutrients and degradation products (Tibbett et al., 2011). 
Very high moisture content in soils with low permeability 
is limiting to bioremediation as it reduces availability of 
oxygen (Tibbett et al., 2011). Soil pH influences the ability 
of microbes to degrade crude oil (Varjani, 2017). Extremes 
of pH inhibit microbial activity with negative impact on 
the rate of bioremediation (Leahy and Colwell, 1990). A 
soil pH range of 6-8 is reported to be optimum for 
microbial crude oil degradation (Macaulay, 2015). Fungi 
are reported to tolerate acidic conditions better than 
bacteria (Leahy and Colwell, 1990). Soil permeability also 
affects the process of bioremediation; this is determined by 
the size of soil particles (Atlas, 1995; Macaulay, 2015). 
Soil with low permeability such as clay retains the crude 
oil at the surface resulting in low rate of biodegradation 
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while highly permeable soil such as sand is more 
susceptible to leaching of the pollutant to low oxygen 
region of the soil (Macaulay, 2015). 

Within the limits of our literature surveyed, there are no 
reports of specified optimal conditions for bioremediation 
in the Niger Delta region of Nigeria; consequently, some 
factors including aeration (mixing), moisture content and 
nutrients were investigated in this study to establish site-
specific conditions that would enhance the potentials of 
indigenous microbes in the attenuation of aged crude oil 
polluted soil in this area.  

2. Materials and Methods 

2.1. Soil Sample Collection and Preparation 

Soil samples were collected from Koko in Warri North 
Local Government Area of Delta State. The community is 
potentially exposed to environmental pollution arising 
from the industrial activities of a number of companies 
operating in the oil sector. Crude oil polluted soil sample 
was collected at a depth of 0-50 cm from a crude oil waste 
handling area while uncontaminated soil sample was 
collected from a fallow area without any history of crude 
oil pollution. The composite soil samples were aggregated, 
taken in sterile polythene bags, kept in ice packs and taken 
to the laboratory for use within twenty-four hours. The 
contaminated and uncontaminated soil samples were air – 
dried for five days and sieved using a 2 mm sieve.  

2.2. Baseline Characterization of Soil Samples 

Standard analytical procedures were used to determine 
the following physicochemical properties of the soil 
samples. Soil temperature was measured on – site and in 
the laboratory using a digital probe thermometer:  H – 
9283 Multi – Thermometer (Almaw et al., 2017), 
gravimetric method of Reynolds (1970) was used for 
moisture content (MC), particle size analysis by 
hydrometer method (Bouyoucos, 1962), pH by method of 
McLean (1982), electrical conductivity by method of 
Richards (1954), porosity and bulk density by weighing 
bottle method (FAO, 1980), water holding capacity 
(WHC) by gravimetric method (FAO, 1980), total organic 
carbon by wet oxidation method (Walkley and Black, 
1934), total nitrogen by modified Kjedahl method (FAO, 
1980) and available phosphorus by modified sodium 
bicarbonate extraction  (Wantanabe and Olsen, 1965; 
Olsen and Sommers, 1982).  

2.3. Determination of Total Petroleum Hydrocarbon in 
Contaminated Soil  

Spectrophotometric method with n-hexane as the 
extraction solvent was used (USEPA, 2000; Urum et al., 
2005, Akpe et al., 2015). Five grams contaminated soil 
sample was weighed into a Nalgene bottle with 5 g sodium 
sulphate and shaken vigorously to mix. Thereafter, 10 ml 
n-hexane was added; the bottle was covered and shaken 
vigorously for 5 min. The soil extract was carefully 
decanted into a conical flask and covered with foil paper. 
The extraction process was repeated three times with 
addition of 10 ml n-hexane to the Nalgene bottle 
containing the contaminated soil and shaken vigorously for 
5 minutes. All extracts were pooled together and 
transferred to a 50 ml volumetric flask. The volume of the 
extract in the volumetric flask was adjusted to 50 ml with 

n-hexane. An aliquot of 10 ml soil extract was centrifuged 
at 3000 rpm for 10 minutes. Absorbance of supernatant 
was estimated at 400 nm using a spectrophotometer. The 
concentration of crude oil in the extract was estimated 
from n-hexane/crude oil standard curve using the 
absorbance obtained according to Equation 1.  

 TPH (mg/kg) =                                                        (1) 

Where: C = concentration of crude oil in the extract estimated 
from the standard curve. V = Total volume of the n-hexane/crude 
oil extract. DF = Dilution factor. W = Mass of soil used 

2.4. Daily Moisture Content Monitoring 

Three (3) kilograms each of contaminated soil was 
weighed into 7 plastic containers. The MC of the soil was 
adjusted to 60 – 80% of WHC. The containers were kept in 
the laboratory under ambient condition and subjected to 
agitation daily. A container was used to estimate MC daily 
by gravimetric method (Reynolds, 1970) till MC was ≤ 
60% of sample WHC. 

2.5. Evaluation of Effect of Agitation and Moisture 
Content on Crude Oil Degradation in the Contaminated 
Soil 

Three (3) kilograms each of polluted soil was weighed 
into 4 plastic containers per group (5 groups) and control. 
Each container was amended with microbial consortium, 
composed of all microbial isolates with ˃50% crude oil 
degradation potential from our previous work (Edemhanria 
et al., 2020), and nutrient at carbon, nitrogen, phosphorus 
ratio 100:2:0.2. Urea was used as source of nitrogen while 
potassium dihydrogen phosphate supplied phosphorus. 
Sample MC was adjusted to 80% of WHC. Each group 
was subjected to the following treatment at the specified 
interval indicated in Table 1. Crude oil degradation was 
measured as residual total petroleum hydrocarbon at 6 
days interval for 24 days following the procedure 
described earlier. 
Table 1. Treatment groups and intervals investigated 

 

Group 

Treatment Interval (days) 

Agitation Moisture Adjustment 

A1 Daily 3 

A2 3 3 

A3 Daily 6 

A4 6 6 

A5 3 6 

Control None None 

2.6. Effect of Carbon, Nitrogen and Phosphorus Ratio on 
Crude Oil Degradation in Soil 

Three (3) kilograms each of crude oil polluted soil was 
weighed into 7 plastic containers per group (2 groups) and 
subjected to the following treatment: Group one was 
treated with microbial consortium and supplemented with 
nutrient at carbon, nitrogen and phosphorus ratio 100:10:1 
while Group two had microbial consortium with nutrient 
supplementation at ratio 100:2:0.2. The MC of the 
contaminated soil sample was adjusted to 60 – 80% field 
WHC for both groups. Each container was agitated every 3 
days and moisture adjustment done every 6 days in both 
groups. The experiment lasted for 36 days with residual 
TPH evaluated every 6 days. 
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2.7. Data Analysis  

All experiments were performed in triplicates, and data 
were analyzed using International Business Machines 
(IBM) Statistical Package for the Social Sciences (SPSS) 
Statistics 23 software for Windows. The data were 
presented as mean ± standard error (SE). One-way 
Analysis of Variance (ANOVA) was used in comparing 
the means followed by Duncan’s Multiple Range (DMRT) 
Post Hoc test. Student’s t test was used to compare means 
for the nutrient ratios studied. P<0.05 was taken as 
statistically significant.  

3. Results and Discussion 

The soil is a key natural resource and part of the 
terrestrial ecosystem; it serves as habitat to an enormous 
diversity of organisms such as microorganisms, insects, 
earthworms and other invertebrates while also supporting 
plant growth and other agricultural practices (Dominati et 
al., 2010; Blum, 2013). However, the sustainable use of 
the soil as a key natural resource and its ability to function 
can be affected by a number of activities including 
pollution (Polyak et al., 2018). This is particularly true of 
Nigeria’s Niger Delta where soil pollution from crude oil 
exploration and utilization is a major issue (Sam et al., 
2017; Ite et al., 2018). Baseline site characterization is 
useful in the identification of pollutants and establishing 
their effect on the properties of the impacted soil 
(Azubuike et al., 2016). In this study, the baseline data 
presented in Table 2 confirmed crude oil pollution with 
TPH level higher than the regulatory intervention limit of 
5000 mg/kg in Nigeria (DPR, 2002). Some soil properties 
are affected by crude oil in an impacted-soil (Bosma et al., 
1997; Michel and Fingas, 2016).  This possibly explains 
the higher values for electrical conductivity, bulk density 
and WHC in the polluted soil compared to the 
uncontaminated soil (Barua et al., 2011). Other properties 
like pH, porosity, total nitrogen and available phosphorus 
were higher in the uncontaminated soil compared to the 
contaminated sample. The sandy nature, porosity and the 
pH of the contaminated soil supports leaching and possible 
contamination of the ground water (Blum, 2013; Michel 
and Fingas, 2016). However, the low silt and clay content 
of the soil is suitable for microbial activity that drives 
bioremediation (Vidali, 2001). The acidic nature of the soil 
in Koko area due to petroleum hydrocarbon contamination 
corroborates report by Imasuen et al. (2014). The leaching 
of the basic cations due to heavy annual rainfall in the area 
(Imasuen et al., 2014) and production of organic acid 
intermediates from microbial action on the oil contributed 
to the acidic pH (Nwachukwu and Ugoji, 1995; Barua et 
al., 2011). 

Table 2: Physicochemical properties of soil samples 

Parameter Contaminated  Uncontaminated 

Particle size distribution 

Clay (%) 

Silt (%) 

Sand (%) 

pH 

Temperature (oC) 

Electrical Conductivity 
(µS/cm) 

Bulk Density (g/cm3) 

Moisture Content (%) 

Porosity (%) 

Water Holding Capacity 
(%) 

Total Organic Carbon 
(%) 

Total Nitrogen (mg/kg) 

Available Phosphorus 
(mg/kg) 

Total Petroleum 
Hydrocarbon (mg/kg)  

 

4.23 ± 0.14 

1.78 ± 0.19 

94.00 ± 0.30 

5.55  ± 0.05 

28.70 ± 0.12 

133.00 ± 3.61 

1.31 ± 0.02 

9.44 ± 0.09 

50.72 ± 0.76 

24.26 ± 0.63 

2.87 ± 0.49 

265.87 ± 3.41 

40.47 ± 2.38 

9906.40 ± 1.48 

 

4.26 ± 0.15 

1.64 ± 0.26 

94.47 ± 0.34 

6.68 ± 0.31 

28.93 ± 0.30 

74.53 ± 2.85 

1.24 ± 0.02 

7.15 ± 0.37 

53.21 ± 0.65 

9.47 ± 0.44 

0.61 ± 0.16 

289.18 ± 1.73 

48.07 ± 2.09 

ND 

 

Values are mean ± SE. ND is not determined. 

3.1. Effect of Agitation and Moisture Content on Crude 
Oil Degradation in Polluted Soil 

The various combinations of mixing or agitation and 
moisture content replenishment studied yielded different 
results for residual total petroleum hydrocarbon performed 
every 6 days. The results are presented in Figure 1. All 
treatment groups evaluated were significantly different 
from the control (p<0.05) with higher crude oil 
degradation. However, A5 with 79.34 ± 0.03% crude oil 
degradation following sample agitation every 3 days and 
moisture adjustment every 6 days for 24 days was more 
efficient, and so it was used in further experiments in the 
study. The daily monitoring of the MC of the contaminated 
soil sample after adjustment to about 80% of field WHC 
revealed that this reduced to 57.34 ± 0.72% on day 5 at 
room temperature (Table 3). The minimum benchmark 
WHC for optimum bioremediation used in this study was 
60% (Bahmani et al., 2018).  

3.2.  Effect of CNP Ratio on Crude Oil Degradation in 
Polluted Soil 

The CNP ratio 100:10:1 that is widely reported in 
literature to be the optimum nutrient ratio for microbial 
transformation of crude oil in soil was compared with CNP 
ratio 100:2:0.2. The later resulted in 90.99 ± 0.02% against 
78.15 ± 0.03% of the former (Figure 2) after 36 days. This 
difference was significant (p<0.05). 
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 Table 3. Daily moisture content monitoring in contaminated soil 
sample after moisture adjustment 

Day Moisture Content (%) Water Holding Capacity (%) 

 

0 

1 

2 

3 

4 

5 

6 

9.44 ± 0.09* 

19.49 ± 0.10 

19.01 ± 0.19 

18.46 ± 0.10 

16.96 ± 0.30 

15.05 ± 0.10 

13.91 ± 0.17 

12.48 ± 0.21 

38.91 ± 0.38 

80.33 ± 0.42 

78.34 ± 0.78 

76.09 ± 0.42 

69.92 ± 1.26 

62.03 ± 0.41 

57.34 ± 0.72 

51.42 ± 0.85 

Values are mean ± SE of triplicate determinations. *Moisture 
content of sample before adjustment to 80% of         water holding 
cpacity. Baseline water holding capacity = 24.26 ± 0.63%. 

 
Figure 1. Effect of agitation and moisture adjustment on crude oil 
degradation. A1 (daily agitation with moisture adjustment every 3 
days), A2 (agitation and moisture adjustment every 3 days), A3 
(daily agitation and moisture adjustment every 6 days), A4 
(agitation and moisture adjustment every 6 days), A5 (agitation 
every 3 days and moisture adjustment every 6 days). 

Figure 2: Effect of carbon, nitrogen and phosphorus ratio on 
crude oil degradation in polluted soil. A (100:10:1) and B 
(100:2:0.2). 

Agitation (mixing) every 3 days and moisture content 
adjustment every 6 days resulted in more efficient crude 
oil degradation in this research. These strategies have been 
reported to enhance oil degradation (Azubuike et al., 
2016). Periodic tilling or agitation of soil increases 
microbial activity during bioremediation through improved 
aeration, increased nutrient availability and also pollutants 
(Tibbett et al., 2011; Azubuike et al., 2016). Adequate 
water is needed for growth and mobility of microbes as 
well as movement of nutrients, oxygen and waste products 

(Bahmani et al., 2018). The addition of water at regular 
intervals helps to compensate for moisture loss  due to 
evaporation and maintain optimum level of moisture 
content in the soil during bioremediation (Bahmani et al., 
2018).  

Microbes in soil require nutrients like carbon, nitrogen 
and phosphorus to support their metabolic activities 
(Bamforth and Singleton, 2005; Ghaly et al., 2013). The 
indigenous oleophilic microbes in a crude oil polluted soil 
mineralize the pollutant as source of carbon to bring about 
a distortion of the nutrient ratio following depletion of 
available nitrogen and phosphorus in the impacted soil 
with time (Ghaly et al., 2013). This is responsible for the 
lower values of total nitrogen and available phosphorus 
obtained in this study for the polluted soil (Table 2). The 
addition of the limiting nutrients (nitrogen and 
phosphorus) to the crude oil polluted soil stimulates 
microbial metabolic activities during the remediation 
process (Walworth et al., 2007; Jiang et al., 2016; Safdari 
et al., 2018). 

 Several nutrient sources that may be organic or 
inorganic have been used to enhance bioremediation 
(Koshlaf et al., 2016; Kumari et al., 2016). Quantification 
of required nutrient level in bioremediation studies is 
easier when inorganic nutrients are used (Suja et al., 2014; 
Shahi et al., 2016). Achieving the desired CNP ratio is an 
important consideration in bioremediation optimization 
(Huesseman, 1994; Onwosi et al., 2018). Urea containing 
46.6% of nitrogen and potassium dihydrogen phosphate 
composed of 22.8% phosphorus were used in this study. 
Again, the limiting nutrients when supplied at high 
concentration to the bioremediation system can inhibit 
microbial activity hence the need for optimum CNP ratio 
(Huesemann, 1994; Walworth et al., 2007). Although the 
CNP ratio 100:10:1 has been reported to be the optimum 
ratio for oil bioremediation in soil  (Wu et al., 2016), in 
this study, 90.99 ± 0.02% degradation with CNP ratio of 
100:2:0.2 after 36 days remediation was significantly 
different from 78.15 ± 0.03% obtained with CNP ratio 
100:10:1.  

4. Conclusion 

The widespread crude oil pollution with the associated 
negative impact on the environment in oil producing 
regions of Nigeria requires an enhanced strategy for 
bioremediation, which is the preferred cleanup approach. 
Such a plan will benefit from site-specific characterization 
to identify its peculiarity that will be factored into the 
design of an effective restoration approach. In this study, 
the optimization of parameters including agitation, 
moisture level and nutrient ratio enhanced the rate of 
bioremediation of aged crude oil polluted soil. 
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Figure 2. Clusters formed by UPGMA analysis. Cluster A was divided into A1 (containing A1-1, A1-2, and A1-3) and A2. Cluster B also 
has two groups, namely B1 (with three subclusters – B1-1, B1-2, and B1-3) and B2. Ginger samples from P1 (Hue’s ginger) were in cluster 
A except for B7 and B8

3.5.2. Principal coordinates analysis (PCoA)  

Samples in PCoA graphs were divided into three distinct clusters 
(I, II, and III), with almost P1’s samples in cluster I, except B2, 
B7, and B8. This result demonstrates that the samples from Thuy 

Bieu have unique genomic features separating this subpopulation 
from other clusters. Cluster II contained ten samples from all 
subpopulations (P1, P2, and P3), while only samples from P3 
were grouped in cluster III (Figure 3).

 
Figure 3. PCoA graphs with three separate clusters (I, II, and III). Samples from P1 were grouped in cluster I. This indicates that ginger 
from Thuy Bieu was genetically different from ginger grown in other regions. The first three planes of PCoA (1-2, 1-3, and 2-3) reveal 
71.92 %, 69.89 %, and 16.17 % of the variations of the three subpopulations, which are P1 (black points), P2 (white points) and P3 (gray 
points).

4. Discussion 

The UPGMA dendrogram supported the conclusion 
that the ginger samples from P1 were genetically different 
from the samples of P2 and P3. Specifically, 13 in 15 
samples of P1 were grouped in a separated cluster (A), 
while most of the other samples were in cluster B, with a 
significant genetic distance between them (47.00 %) 
(Figure 2). The PCoA graphs well supported this result.  
Samples of P1 formed cluster I separated from cluster II 
and cluster III, containing other samples (Figure 3). 
However, three P1 samples (B2, B7, and B8) were not in 
cluster I. Lovell et al. (2017) reported that individuals in 
asexual populations could harbor DNA mutations. 
Therefore, the mutations accumulated in P1 might cause 
the difference between those three samples and the other 
P1 samples. 

Choosing the suitable primer pairs played a key role in 
achieving the above-mentioned positive results.  

First, we selected the RT-6 primer (also known as 
sukkula or sukkula 9900 primer) for our analyses. RT-6 
was one of the best retrotransposon primers for producing 
the highest number of bands in the studies of Leigh et al. 
(2003) and Muhammad and Othman (2005). Muhammed 
and Othman (2005) observed the maximum number of 13 
PCR products when the authors used RT-6 as an IRAP 
marker in characterizing Fusarium wilt-resistant and 
Fusarium wilt-susceptible Musa AAB soma clones. 
Moreover, Leigh et al. (2003) obtained one of the highest 
numbers of PCR products (28) by using RT-6 in the 
research on sequence-specific amplified polymorphism (S-
SAP) markers. The maximum number of bands produced 
by the primer pairs containing RT-6 in the present study 
was only ten (Table 4). However, all bands generated 
were polymorphic, proving the prominence of RT-6 
primer.  

Second, our SSR and ISSR primers, selected from the 
studies of Pandotra et al. (2014) and Baruah et al. (2019), 
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were also proved as efficient primers for ginger genetic 
diversity analysis. Specifically, Pandotra et al. (2014) 
concluded that RT-6/RM-2, RT-6/RM-3, RT-6/RM-4, RT-
6/RM-125, and RT-6/RM-130 were among the best primer 
pairs, with PIC, Rp, MI, Np, and %P of 0.17 – 0.31, 7.84 – 
10.92, 3.06 – 4.14, 17 – 23, and 89.47 – 100 %, 
respectively. Additionally, ISSR-2, ISSR-4, ISSR-11, 
ISSR-42, and ISSR-72 were also the optimal ISSR primers 
in the study of Baruah et al. (2019), with the Np, %P, MI, 
Rp, and PIC values ranging from 5 – 9, 81.8 – 100 %, 2.56 
– 4.15, 3.57 – 4.9, and 0.51 – 0.68, respectively. However, 
our primer screening process revealed only four primer 
pairs (RT-6/ISSR-2, RT-6/RM-2, RT-6/RM-125, and RT-
6/RM-130), which were efficient enough for genetic 
analyses of Vietnamese ginger (Table 3). Additionally, 
using the same primers/primer pairs, the number of 
polymorphic bands in our study (29) was lower than in the 
studies of Baruah et al. (2019) (32) and Pandotra et al. 
(2014) (61). The genetic variations between the 
Vietnamese ginger samples and the ginger samples used in 
the mentioned authors’ studies might cause those 
differences in the results. Though the number of bands in 
our study was low, all the four selected primer pairs 
produced the absolute polymorphic rate (100 %). 
Moreover, the region-specific band (1134 bp), produced 
by the primer pair RT-6/ISSR-2, was one of the main 
factors discriminating Thuy Bieu samples from other 
samples (Table 4). Thus, the selected primer pairs 
satisfactorily fulfilled the expectations of our study. 

Because of using the effective primer pairs, our 
AMOVA results could clearly show the genetic variations 
among the three subpopulations (Table 5). This suggests 
that REMAP is appropriate for distinguishing the three 
ginger subpopulations. Specifically, 35 % of the total 
variations occurred among subpopulations. However, 
REMAP’s ability to reveal differences among populations 
depends on the species. Noormohammadi et al. (2016) 
found that 33 % of the variations took place among 
Gossypium spp. populations. In contrast, Tanhuanpaa et al. 
(2016) reported that REMAP could only point out a low 
proportion of variation arising among Phleum pratense L. 
populations (10 %).  

From the supportive results of PCR amplification and 
AMOVA, we conducted the cluster analyses (UPGMA and 
PCoA) and came to the expected conclusion as described 
at the beginning of the section.     

 In parallel, genetic diversity parameters (He, I, Na, Ne) 
of the subpopulations were also calculated. The values in 
our study were low. Ginger’s asexual reproduction might 
be the cause of the low diversity indices. Barrett et al. 
(2008) and Qiu et al. (2005) proved the effect of lowering 
diversity parameters of this kind of reproduction in studies 
on other species, namely Melampsora lini and Dysosma 
versipellis (Berberidaceae) (Table 6). 

The diversity parameters observed in P1 and P2 were 
higher than in P3. This finding demonstrates that REMAP 
might be effective for genetic variation assessments of 
samples collected from regions adjacent to one another 
(Table 6). In contrast, Das et al. (2017), Kavyashree 
(2008), and Kizhakkayil and Sasikumar (2010) concluded 
that there was a correlation between geographical distance 
and genetic diversity (populations being geographically far 
from one another would have high genetic diversity among 
them). 

5. Conclusions 

Using REMAP markers, we concluded that the ginger 
population grown in Thuy Bieu, which has long been 
known as the special ginger chemotype of Thua Thien 
Hue, is genetically different from populations in other 
regions of Thua Thien Hue and Vietnam.  

The positive results of our research are precursors for 
future studies, with more ginger DNA samples. 
Specifically, samples should be collected from a higher 
number of regions in Thua Thien Hue and other 
Vietnamese provinces. Moreover, the number of leaf 
samples in each region should also be increased. Those 
increments will provide stronger evidence about the 
unique genomic features of Hue’s ginger in Thuy Bieu 
after a genetic diversity analysis.   
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Abstract 

The aims of the current research were to determine the chemical profile of essential oil obtained from Algerian fir leaves as 
well as to evaluate its biological activities in-vitro. Essential oil (EO) was extracted by hydro-distillation from needles. The 
EO was subjected to gas-chromatography coupled with mass spectrometry (GC-MS). Likewise, the antioxidant ability was 
examined using different assays including DPPH. free radicals scavenging, phenanthroline (Phen assay), and sun protection 
factor (SPF). Enzymes inhibitory activity was tested on α-glucosidase, α-amylase, and acetylcholinesterase (AChE). The 
antibacterial effect was analyzed using the disc diffusion method against 6 pathogenic bacterial strains. Twenty-nine 
compounds representing 93.89% of the oil were identified, Caryophyllene (17.31%), α-pinene (10.58%), 2, 2, 6, 10-
Tetramethylbicyclo [5.4.0] undeca-9, 11-diene (8.65%), linalyl acetate (7.41%), β-silinene (7.28%), and sabinene (6.88%) 
were the major constituents. The results disclosed that the oil has weak antioxidant ability in different tests at the 
concentration (4mg/ml). The essential oil exerted a strong α-glucosidase inhibitory activity, while it showed a weak α-
amylase and AChE enzymes inhibitory ability. The essential oil displayed no effect against all the bacterial strains tested 
excepting Staphyloccocus aureus with moderate effect. The results disclosed the potential effect of an Algerian endemic 
tree, and it is very important to explore it in different domains uses. 

Keywords: Algerian fir leaves, essential oil, antioxidant power, enzymes inhibition, antibacterial effect, GC-MS analysis.

1. Introduction 

The genus Abies is an important and complex genus of 
Pinaceae family, presented by 50 species, distributed 
through the world, in temperate and boreal regions of the 
northern hemisphere, North America, Asia (Yang et al. 
2009). It has been reported that Abies species has exhibited 
several biological activities; it is used in traditional 
medicine against cold, vascular diseases, as an 
antimicrobial agent (Seo et al. 2016; Noreikaitė et al. 
2017). 

An incredible interest was directed to the use of 
bioactive molecules extracted from plants to cure illnesses 
such as cancer, Alzheimer’s, and diabetes, either by 
inhibition of key enzymes implicated in such metabolic 
disorders, or scavenging of free radicals. Bacterial strains 
infections and their resistance to several antibiotics is 
another concern confronting human health. On the other 
side, a lot of studies have been done to discover 
therapeutic drugs from plants. Our attention was guided to 
Abies numidica de LANNOY ex CARRIÈRE, which is an 
Algerian endemic plant, found in Babor mounts, Setif. The 
cones of this species were used in popular medicine to heal 
stomach-ache, cataplasm, cold, inflammation, and 
respiration problems (Tlili Ait-Kaki et al. 2013). Despite 

these beneficial biological effects on human health, this 
important species is still unknown and few papers have 
been published (TliliAit-Kaki et al. 2013; Ghadbane et al. 
2016). The gum from this fir is one of the essential 
remedies of folk medicine; it is used as an anti-scorbutic, 
an antiseptic in wounds and burns. Various preparations 
were made from this gum, including turpentine oil. A 
study conducted by Tlili-Ait Kaki et al. (2013) revealed 
that EO extracted from A. numidica needles (collected 
from Seraidi, Annaba), contained bornyl acetate (29.62%), 
camphene (23.97%) and α-pinene (13.17%) as the 
abundant constituents, while Ramdani et al. 2014 stated 
that essential oil from A. numidica needles harvested from 
Babors mounts was rich in α-pinene (22.6%), limonene 
(19.7%), β-pinene (12.3%), camphene (11.2%) and β-
phellandrene (7.8%). Yu et al. (2004) reported that 
essential oil extracted from A. nephrolepis needles 
contained sesquiterpenes hydrocarbons and monoterpenes 
hydrocarbons, where α-Pinene (23.2%), limonene (12.7%), 
bornyl acetate (9.9%), and β-caryophyllene (10.8%) were 
noticed as major volatile constituents in this plant. 
Benouchenne et al. (2020) reported that ethyl acetate 
fraction obtained from Abies numidica needles was rich in 
total phenolic compounds and total flavonoids, and the 
LC-MS/MS confirmed the obtained results, where this 
fraction was wealthy in astragalin, hyperoside and 
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quercetrine. In 2021, Benouchenne et al. disclosed that n-
butanol fraction from this plant contained a high amount of 
phenolic compounds and flavonoids, as well as LC-
MS/MS findings showed that major found molecules were 
hyperoside, astragalin, and rutin. 

The current study aims were the determination of 
chemical profile and the evaluation of biological activities 
of the essential oil picked up from Algerian fir needles. 
Therefore, the present research investigated, for the first 
time the sun protection factor, phenanthroline assay, and 
enzymes inhibitory activities of essential oil extracted 
from this endemic plant.  

2. Material and Methods 

2.1. Reagents and Chemicals  

Bioactivity measurements and calculations were 
accomplished on a 96-well microplate reader (Perkin 
Elmer Multimode Plate Reader EnSpire) at the National 
Center of Biotechnology Research. The chemicals used 
were: 1,1-diphenyl-2-picrylhydrazyl (DPPH), butylated 
hydroxylanisole (BHA), butylated hydroxyltoluene (BHT), 
α- tocopherol,  Dimethyl sulfoxide (DMSO), 
acetylcholinesterase from electric eel (AChE, Type-VI-S, 
EC 3.1.1.7, 827,84 U/mg, Sigma), acetylthiocholine 
iodide, 5,5′-dithiobis (2-nitrobenzoic) acid (DTNB), 
galantamine, 4-nitrophenylα-D-glucopyranoside (≥ 99%), 
α-Glucosidase from Saccharomyces cerevisiae (Type I, ≥ 
10 units/mg protein), acarbose (≥ 95%); they were 
obtained from Sigma Chemical Co. (Sigma-Aldrich 
GmbH, Stern-Heim, Germany).Iron (III) chloride (FeCl3) 
and phenanthroline were obtained from Biochem 
Chemopharma. All other chemicals and solvents were of 
analytical grade. 

2.2. Essential oil extraction  

2.2.1. Sample preparation 

The sample leaves of Algerian fir (Abies numidica de 
Lannoy) were gathered from Constantine in September 
2018, Algeria, and dried at room temperature under the 
shadow. This sample was ground with an electric mill IKIa 
10 type, and stored until they were used. 

2.2.2. Hydro-distillation method 

The EO was tacked out by hydro-distillation using a 
Clevenger apparatus according to the modified method of 
Minteguiaga et al. (2018). A quantity of 228g of dried 
powdered leaves was immerged with 1L of distilled water 
and was left for 4 hours in Clevenger apparatus. The 
obtained oil was kept in obscure at 4°c until the use. 

2.3. Chemical constituent’s analysis by Gas 
Chromatography-Mass Spectrometry (GC-MS) 

The chemical constituents  of essential oil were 
determined by GC-MS analysis according to the assay of 
Ertas et al.(2015). Gas Chromatography equipped with 
Flame Ionisation Detector (GC-FID) was used in this 
analysis. The extracted A. numidica essential oil was 
analyzed by using a Shimadzu Model GC-2010 GC 
equipped with flame ionization detector (FID) and an 
autosampler injector AOC-2OI (Shimadzu). The 
Separation was achieved using a middle polar capillary 
column RTx-5MS with 30 m length, 0.25 mm in diameter 
and film thickness of 0.25 µm. The injector and detector 
temperatures were conditioned at 250°C and 280°C, 
respectively. The oven temperature program started from 
60°C to 300°C at a rate of 3°C min-1 with isothermal 

temperature constant at 300°C for 2 minutes. Hydrogen 
gas was used as the carrier gas with a flow rate of 30 ml. 
min-1. The mode of injection used was split mode with a 
ratio of 1:50. 

2.4. Antioxidant tests 

2.4.1. 2,2-diphenyl-picrylhydrazyl (DPPH) scavenging 
assay 

The DPPH. free radical scavenging test was assessed as 
the method of Tel et al. (2012) with slight changes. The 
sample dilutions were dissolved in methanol. BHT, BHA, 
and α-tocopherol were used as standards. The reduction of 
DPPH. radical was determined in percentages, and was 
calculated as following: 

% Inhibition= [A blank –A sample/A blank] × 100 

A blank: absorbance of control reaction.  A sample: absorbance of the 
test sample. 

Tests were approved in triplicates. The inhibition 
concentration (IC50) is the half of free radicals (50%) was 
esteemed from the graph of DPPH radical scavenging 
effect percent against extract concentration.  

2.4.2. Phenanthroline assay (Phen assay) 

The phenanthroline antioxidant ability was performed 
as the test defined by Szydłowska-Czerniak et al. (2008). 
Fifty microliters (50µl) of FeCl3 (0.2%), 30µl of 
phenanthroline (0.5%) and 110µl of methanol were added 
to 10µl of essential oil at different dilutions in a 96-well 
microplate. The lecture of the sample and BHT standard 
was measured at 510 nm after 20 min incubation at 30°C. 
The results were given as A0.50 (μg/ mL) corresponding the 
concentration indicating 0.50 absorbance intensity. 

2.4.3. Photoprotective activity (Sun protection factor assay 
SPF) 

SPF assay was determined following the protocol 
ofMansur et al. (1986). Each 5nm, the absorbances were 
measured,from 290 nm to 320nm. The SPF was calculated 
by using the following mathematic equation: 

SPF spectrophotometric = CF 

*

 
EE: erythemal effect spectrum; I: solar intensity spectrum; Abs: 
absorbance of sunscreen product; CF: correction factor (= 10). EE 
x I: is a constant determined by Sayre et al. (1979).  

2.5.  Essential oil’s antidiabetic activity  

2.5.1. α-amylase inhibitory test 

α-amylase inhibitory assay was assessed according to 
the modified protocol of Zengin et al. (2014). Twenty-five 
microliters (25µl) of essential oil at various concentrations 
were mixed with 50µl of α-amylase solution (1U) prepared 
in phosphate buffer (pH 6.9 with 6 mM sodium chloride); 
the mixture was incubated for 10min at 37°C. Afterward, 
50µL of starch (0.1%) was added and then incubated again 
for 10min at 37°C. After incubation, 25µl of HCl and 
100µl of iodine potassium iodide (IKI) were added. A 
blank solution was prepared using the plant extract without 
the enzyme. Acarbose was used as a standard. The 
absorbance was measured at 630nm using a microplate 
reader. The inhibition percentage of α-amylase was 
determined using the following formula: 
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Ac=Absorbance [Starch+ IKI + HCl+ solvent of extraction+ 
Volume of Enzyme buffer]. 

Ae=Absorbance [Enzyme+ Starch+ IKI+ HCl+ solvent of 
extraction]. 

As=Absorbance [Enzyme+ Extract+ Starch+ IKI+ HCl]. 

Ab=Absorbance [Extract+ IKI+125 µl of buffer]. 

2.5.2. α-glucosidase inhibitory assay  

The α-glucosidase inhibitory ability of essential oil was 
assessed according to the chromogenic test reported by 
Lordan et al. (2013). Fifty microliters (50 µl) of the sample 
at different concentrations were mixed with 100 µl of α-
glucosidase enzyme and 50 µl of p-nitrophenyl α-D-
glucopyranoside (p-NPG) as substrate; the mixture was 
incubated for 10min at 37°C. Acarbose was used as 
standards. The absorbance was read 
spectrophotometrically at 405nm every 10min. The 
reaction mixture α-glucosidase enzyme and substrate were 
used as control. Substrate and essential oil were used as 
blank. The inhibition rate was determined as follows:  

Inhibition % = [(Abs Extract-Abs Blanc) / Abs control] × 100 

2.6.  Acetylcholinesterase (AchE) inhibitory activity 

AchE inhibitory activity was measured using the 
method of Ellman et al. (1961). The reaction mixture 
contained 150 µL of 100 mM sodium phosphate buffer 
(pH 8.0), 10 µL extract at different concentrations, and 20 
µL of AChE solution. The mixture was incubated at 25°C 
for 15mn, 10 µL of DTNB (0.5 mM), and 10 µL of 
acetylthiocholine iodide (0.71 mM) were added. The 
absorbance was determined at 0 min and 15 min, at 412 
nm. The reference standard used was Galantamine. 

The inhibition percentage of AChE enzyme was 
determined according to the blank (methanol + phosphate 
buffer pH8), using the following formula:   

(E – S)/E ×100 
E: AChE enzyme activity without extract  

 S: AChE enzyme activity in the presence of extract. 

2.7.  Antibacterial activity 

The method of agar disc diffusion was used to 
determine the antibacterial activity of the essential oil 

extracted from A. numidica leaves (Biondi et al. 1993),  
against 6 pathogenic bacterial strains; obtained from 
Pasteur institute, Algiers, Algeria; Gram-negative bacteria: 
Proteus vulgaris (ATCC 29905), Morganella morganii 
(ATCC 25830) Pseudomonas aeruginosa (ATCC 27853), 
and Escherichia coli (ATCC 25922), and Gram-positive 
bacteria: Staphyloccocus aureus (ATCC 43300) and 
Bacillus subtillis (ATCC 6633). Bacteria strains 
suspension was distributed on Mueller Hinton (MH) agar. 
10 µl of essential oil diluted with dimethylsulfoxide 
(DMSO) were added to the discs (diameter of 6mm) which 
were placed on the inoculated agar. Cefepime (FEP) 
served as a positive reference standard to determine the 
sensitivity of each bacterial strain tested. The incubation 
was done at 37°C for 24h. Antibacterial activity was 
evaluated by measuring the zone of growth inhibition 
against the test organisms. Each test was done in triplicate. 

3. Statistical analysis and 

Linear regression analysis was used to calculate the 
IC50  and A0.50 values, and one-way ANOVA to detect 
significant differences (P < 0.05) using XLSTAT. Results 
are reported as the mean value ± SD of three 
measurements. 

4. Results  

4.1.  The yield of extraction and the chemical 
constituents of essential oil  

The essential oil (EO) obtained by hydro-distillation 
from dried, milled needles of A. numidica was colorless 
and possessed an aromatic odor with a yield of 0.592%, 
based on the dry plant material utilized.  

The chromatogram obtained by GC/MS analysis was 
presented in figure 1. The chemical composition findings 
of the essential oil extracted from A. numidica leaves are 
shown in table 1, where the percentage of the diverse 
components and their retention times are given. 
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Figure 1. Gas chromatogram of  A. numidica needles essential oil. The numbers refer to those in Table 1.

A total of 29 compounds representing 93.89% of the 
essential oil were determined. The main volatile 
constituents were Caryophyllene (17.31%), α-pinene 
(10.58%), 2, 2, 6, 10-Tetramethylbicyclo [5.4.0] undeca-9, 
11-diene (8.65%), linalyl acetate (7.41%), β-silinene 
(7.28%), and sabinene (6.88%). Other compounds were 
found in traces as α-ylangene (0.18%), santene, and β-
myrcene (0.23%). The studied essential oil comprised 
sesquiterpene hydrocarbons (44.23%) in major, followed 
by monoterpene hydrocarbons (27.52%).  

Table 1. Main components (%) detected by GC-MS in the 
Algerian fir leaves essential oil. 

Pe
ak 

Compound RT (min) (%) 

1 Santene 6.46 0.23 

2 Delta3-Carene 7.7871 0.42 

3 Alpha-pinene 8.2631 10.59 

4 Camphene 8.8401 3.72 

5 Beta-pinene 10.0245 5.45 

6 Beta-Myrcene 10.7952 0.23 

7 Sabinene 12.3945 6.88 

8 L-linalool 15,8212 1.55 

9 Beta fenchylalcohol 19.9831 0,73 

10 Linalylacetate 23.1084 7.42 

11 Exobornylacetate 24.3386 1.35 

12 Alpha-Longipinene 27.0882 2.54 

13 2,6-Octadiene, 2,6-dimethyl 27.4035 7.63 

14 Geranylacetate 27.8823 0.33 

15 Alpha ylangene 28.0458 0.18 

16 
4-Hexen-1-ol, 5-methyl-2-(1-
methylethenyl)-, acetate 

28.7012 0.72 

 

17 Longifolene 29.3869 1.96 

18 Caryophyllene 30.0272 17.31

19 
2,2,6,10-Tetramethylbicyclo [5.4.0] 
undeca-9,11-diene 

30.345 8.65 

20 
1H-Benzocycloheptene, 
2,4a,5,6,7,8,9,9a-octahydro-3,5,5-
trimethyl-9-methylene 

31.215 0.85 

21 Beta-Selinene 31.4217 7.28 

22 Gamma-himachalene 32.4158 0.78 

23 Presilphiperfol-1(8)-ene 32.5545 0.31 

24 
1-ethynyl-2-methyl-1(e)-
cyclododecene 

32.6476 2.13 

25 10s,11s-Himachala-3(12),4-diene 32.8054 2.10 

26 Delta-Cardinene 33.6489 0.45 

27 
1,6,10-Dodecatrien-3-ol, 3,7,11-
trimethyl 

45.8788 1.34 

28 Hentriacontane 65.0468 0.31 

29 n-Hentriacontane 67.5444 0.45 

Classes compound (%) 

Sesquiterpenhydrocarbons 44.23 

Monoterpenhydrocarbons 27.52 

Oxygenatedmonoterpens 17.45 

Monoterpenalcohols 2.28 

Sesquiterpenalcohols 1.65 

Others 0.76 

Total identified (%) 93.89 

4.2. Antioxidant activity 

The results of antioxidant capacity of EO extracted 
from A. numidica needles are shown in figure 2and3 for 
DPPH. Free radicals scavenging and phen assays. The EO 
antioxidant effect findings disclosed no significant activity 
against free radicals, at the concentrations (800µg/ml and 
200µg/ml, respectively) when compared with standards 
used. From the results, it is necessary to increase the 
concentration of the sample in different assays in order to 
get the inhibition concentration at 50%. 
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Figure 2. Inhibition percentage of DPPH free radical by A. 
numidica needles EO and standards at different concentrations 
P<0.05). 

Figure 3. Inhibition percentage of phenanthroline by A. numidica 
needles EO and BHT standard at different concentrations 
(P<0.05). 

Sun protection factor is an indicator for the protection 
level classification of plant extracts, the data in figure 
4indicated that EO represented a weak protective 
influence, referring to the different protection categories 
demanded by the European Commission, 2006, where 
SPF=5.48±0.17.  

Figure 4. Sun Protection Factor and protection category 
determination of A. numidica needles EO. 

4.3. Enzymes inhibitory activities 

The enzymes inhibitory activities of the EO on α-
glucosidase, α-amylase, and Acetylcholinesterase (AchE) 
were investigated and the results are shown in table 2. 

In this study, the anti-diabetic effect of A. numidica 
needles EO was investigated by testing the α-glucosidase 
and α-amylase inhibitory assays, in-vitro, whereas the 
neuroprotective effect was examined by AChE inhibition. 
As presented in table 2, the action of essential oil on the 
activity of α-glucosidase revealed a powerful inhibition, 
compared with acarbose standard used, where EO’s 
IC50=59.23±1.55µg/ml, and acarbose’s IC50=275.43±1.59 
µg/ml. From the results, it is remarkable that the inhibition 
concentration of the essential oil obtained from A. 
numidica needles was less 5 times than the results obtained 
for acarbose standard. 

For α-amylase findings, as represented in table 2, the 
EO exerted no α-amylase inhibitory effect, it was not 
active at the concentration 1600 µg/ml, compared with 
acarbose standard [IC50= 3650.93±10.70 µg/ml], and did 
not achieve the 50% of the enzyme inhibition level.  

The results of the AChE inhibitory activity of the tested 
EO extracted from A. numidica leaves as well as the 
positive control, galantamine are provided in table 2. The 
findings showed that EO has a weak AChE inhibition 
activity compared with standard used, where EO’s IC50= 
153.92±1.94µg/ml and galantamine’s IC50= 
6.27±1.15µg/ml. It has been reported that the extract 
which has a lower IC50, presented a strong and powerful 
inhibitory activity.

Table 2. Percentage enzyme inhibition and IC50 (μg/ml) of essential oil extracted from Algerian fir needles. 

Samples 

α-glucosidase α-amylase AChE 

% inhibition at 
1000µg/ml 

IC50 (µg/ml) 
%inhibition at 
1600 µg/ml 

IC50 (µg/ml) 
%inhibition at 
200 µg/ml 

IC50 (µg/ml) 

EO nt 59.23±1.55 34.39±0.00 na 61.85±1.75 153.92±1.94 

Acarbosea 91.05±0.72 275.43±1.59 53.05±1.59 3650.93±10.70 nt nt 

Galantaminea nt nt nt nt 94.77 ±0.34 6.27±1.15 

Values are expressed as means ± S.D of three parallel measurements. The results are statistically considered significantly different at (P < 
0.05). na: not active. nt: not tested. aReference compounds. Galantamine is a control for Acetylcholinesterase (AChE). Acarbose for α-
glucosidase and α-amylase.
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4.4. Antibacterial activity 

The results are shown in figure 5. Inhibition zones 
diameters are summarized in table 3. The essential oil 
exerted no antibacterial activity against all bacterial strains 
tested, excluding S. aureus, where the inhibition diameter 
was esteemed by (17±0.1mm, at 10µl/disc), which is lower 
than Cefepime inhibition diameter (30mm).  

Figure 5. Antibacterial activity of A. numidica leaves essential oil 
and Cefepime antibiotic. 

Table 3. Antibacterial effect of Algerian fir needles essential oil 
using disc diffusion method against bacterial strains. 

Strains Inhibition zone (mm) 

Algerian fir oil 1) FEP 2) 

Gram- 

E. coli 6±0.0 3) 20 

P. aeruginosa 6±0.0 19 

M.  morganii 6±0.0 18 

P. vulgaris 6±0.0 16 

Gram+ 

subtillis 6±0.0 15 

S. aureus 17±0.1 30 
1)  Algerian fir oil tested at a concentration of 10μg/disc. 2) 
Cefepime tested at a concentration of 30μg/disc. 3)   Values are 
diameters of clear zone of inhibition (mm) including disc diameter 
of 6 mm. 

5. Discussion 

Secondary metabolites extracted from plants showed a 
beneficial effect for human health, as flavonoids, phenolic 
compounds and essential oil. Our attention was directed to 
A. numidica De Lannoy needles. The EO extracted from 
leaves yielded 0.592% using 228 g of dried powdered 
sample, and it was in the line with the findings described 
by Ghadbane et al. (2016) that reported a yield of 0.260% 
using 100g of dried leaves, but the yield was less than 
those results disclosed by Ramdani et al. (2014) and Tlili-
Ait Kaki et al.(2013), which stated a yield of 0.4% and 
0.37% for 100g of dried needles; respectively. We 
proposed that the variation in the yield of extraction might 
be the result of different involved factors like genetic 

factors, the environment, the methods, and time of 
extraction (Figueredo et al. 2008; Tlili Ait-Kaki et al. 
2013). A previous study done by Tlili-Ait Kaki et al. 
(2013) revealed that EO extracted from A. numidica 
needles (collected from Seraidi, Annaba) contained bornyl 
acetate (29.62%), camphene (23.97%) and α-pinene 
(13.17%) as the major constituents. Ramdani et al. (2014) 
reported that the EO extracted from aerial parts of A. 
numidica (obtained from Babors region, Setif) principally 
contained α-pinene (22.6%), limonene (19.7%), β-pinene 
(12.3%), camphene (11.2%) and β-phellandrene (7.8%) in 
high amounts. The differences in the results might be due 
to bioclimatic conditions, the characteristics of each 
region, as well as the period of plant collection. 

The antioxidant power is broadly used as a parameter 
for medicinal biomolecules. The antioxidant activity of A. 
numidica needles EO was examined using three 
complementary in vitro tests: DPPH.  scavenging, phen 
assays, and SPF.  The potential antioxidant activity of EO 
was evaluated based on its ability to quench free radicals, 
by donating an electron. The inhibition percentage 
increased with the increase of the sample concentration.  

The results of antioxidant activity showed that the EO 
has a weak antioxidant ability, while Ghadbane et al. 
(2016) reported that A. numidica leaves EO has a strong 
DPPH. Free radical scavenging capacity. Furthermore, a 
study reported by Sobrinho et al. (2020) revealed that β-
caryophyllene exerted a mild antioxidant power in DPPH. 
scavenging assay. Yang et al. (2008) demonstrated that α-
pinene possessed a very low scavenging capacity for 
DPPH. free radicals. To the best of our knowledge, phen 
and photoprotective assays for EO extracted from A. 
numidica needles have not previously been reported. The 
data presented in this research could be the first report for 
the literature.  

To the best of our knowledge and according to the 
literature, there are no papers about the enzymes inhibitory 
activities of essential oil extracted from A. numidica 
needles. 

Diabetes mellitus and Alzheimer’s diseases are two 
chronic public ailments for human health, and many 
attempts have been done to look for alternatives from 
medicinal plants that have minimal adverse effects 
compared with a synthetic one. A modern therapeutic 
strategy to cure those pathologies was investigated, based 
on the inhibition of key metabolic enzymes to conduct 
such disorders. 

α-glucosidase and α-amylase are two main enzymes, 
catalyze starches (Sharifi-rad et al. 2017). α-amylase is 
present in saliva and pancreas; it is responsible for splitting 
long-chain carbohydrates (starch) into maltose, which is a 
substrate for α-glucosidase in the small intestine, to 
facilitate its absorption leading to hyperglycemia (Hichri et 
al. 2017). Inhibitors of these enzymes delay the cleaving 
of oligosaccharides that leads to a decrease in the level of 
postprandial blood glucose in diabetic persons (Kazeem et 
al. 2013). 

As can be seen, the inhibition concentration for EO was 
four-time lower than acarbose standard. It might refer to 
the several compounds present in the EO, especially 
sesquiterpene hydrocarbons, that compete with the 
substrate for binding to the enzyme active site, thus 
blocking the breaking down of carbohydrates. Our data 
corroborated with those revealed by Nakagawa et al. 
(2019), which reported that the resin extracted from the 
Sakhalin fir tree (Abies sachalinensis) showed a high α-
glucosidase inhibitory activity with [IC50=17. 3µg/ml]. 
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Basha and Sankaranarayanan, (2015) concluded that β-
caryophyllene improved glycoprotein levels in STZ-
induced diabetic rats. 

AchE is an enzyme responsible for the hydrolysis of 
acetylcholine in the neurons (Owokotomo et al. 2015). 
Acetylcholine has an important role in the nervous system, 
especially in improving memory state; the inhibition of 
this enzyme increases the level of acetylcholine in the 
nervous system and prevents the human body from a large 
variety of pathologies related to the brain as Alzheimer 
and dementia (Bonesi et al. 2010). A lot of trends showed 
that plant extracts have a potential AchE inhibitory activity 
(Ertas et al. 2015; Jeong et al. 2007); however, little 
studies have been done on Abies genus. 

 Zengin et al. (2016) disclosed that α-pinene has very 
low activity against cholinesterase enzyme, while, Kim et 
al. (2006) reported that A. Koreana EO improved age-
related brain problems. These differences in the two results 
might be due to the difference in the chemical structure of 
the bioactive components present, for that other analysis is 
needed as RMN analysis. 

Algerian fir’s essential oil was examined for its 
antibacterial effect using a disc diffusion method against 
six Gram-negative and Gram-positive bacterial strains. 

Our results are in accordance with the data reported by 
Ghadbane et al. (2016), which disclosed that essential oil 
extracted from A. numidica needles (collected from Babors 
region, Setif) has a strong antimicrobial activity, especially 
against S. aureus and M. luteus. Also, Yang et al. (2008) 
results revealed that silver fir essential oil revealed no 
effect against different bacterial strains used, while it was 
more effective against only S. aureus. Ramdani et al. 
(2014) reported that essential oil extracted from Algerian 
fir leaves, collected from Seraidi, Annaba, has a strong 
antimicrobial effect against Gram negative bacteria (E. 
coli), and it has a mild growth inhibition against positive 
bacteria (S. aureus). Although A. numidica needles 
essential oil exerts a mild antibacterial ability. It has been 
reported that β-caryophyllene and α-pinene have a 
powerful antimicrobial effect (Dahham et al. 2015).  From 
the obtained findings, to make it clear, it is very important 
to test the antibacterial effect of Algerian fir needles 
essential oil using the main compounds. 

There are no recent studies that have been reported 
about the essential oil extracted from Abies genus. But 
there are two papers published about the extracts obtained 
from A. numidica needles. Benouchenne et al. (2020) 
demonstrated the chemical composition of ethyl acetate 
fraction and investigated the biological activities 
(antibacterial and antioxidant), while Benouchenne et al. 
(2021) published the antibacterial and antioxidant ability 
of n-butanol extract, as well as the chemical constituents of 
this fraction. 

6. Conclusion  

In summary, from the above results, we conclude that 
essential oil extracted from A. numidica needles contained 
Caryophyllene as a major constituent. It presented a weak 
antioxidant power. It exhibited a strong α-glucosidase 
inhibitory activity, while it has no effect on α-amylase and 
AChE. It exerted no antibacterial inhibition growth of 
bacterial strains tested, excepting S. aureus. This EO can 
be used for pharmaceutical and therapeutic applications in 
the future; furthermore, more biological assays are needed 
to go in depth of this little studied endemic plant. This 
plant can be used as a source of natural antioxidant 
compounds, to replace the synthetic drugs in different 

domains, in industry, pharmaceutical and food fields. 
Furthermore, this species could be utilized as bioactive 
molecules for the treatment of diabetes and infection 
pathologies. 
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Abstract  

Amylases can hydrolyze the O-glycosyl linkage of starch and related polymers. They are ubiquitously present in all living 
systems. However, microbial amylases meet the demands of industrial applications. Amylase and related enzymes are 
classified in different glycosyl hydrolases (GH) families. The GH13 is the largest family in the carbohydrate-active enzyme 
(CAZy) database, which comprises -amylase, -glucosidase, maltogenic amylase, debranching enzymes, CGTase, 
pullulanase, neopullulanase, and others. Despite GH13, some other families also contain -amylase and related enzymes. 
Most of the starch-degrading enzymes have a common (/)8 barrel structure and four or five conserved sequences 
containing catalytic residues. -Amylase and related enzymes follow the α-retaining double displacement mechanism during 
catalysis. The enzymes of the -amylase family are potentially applied in food, pharmaceutical, textile, paper, detergent, 
biofuel, and animal feed producing industries. -Amylase-mediated liquefaction and saccharification of starch is the 
essential step for the production of glucose, maltose, high fructose-containing syrups, maltooligosaccharides, cyclodextrins. 
These products are potentially used for the preparation of geriatric and infant foods. In conclusion, starch degrading enzymes 
bear a common structural arrangement and catalytic activity, and are broadly exploited in different sectors ranging from 
food, pharmaceutical industries to wastewater treatment. 
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1. Introduction  

Starch is the major storage polysaccharide in plant 
products and is an important source of energy for human 
and other monogastric animals. Starch is also widely used 
in different industries. About 75 million tons of starch was 
utilized in the year 2012; the expected annual growth rate 
will be continued by 2-3%.  Amylolytic enzymes are 
essential in starch-based industries for the preparation of 
commercial products. The physicochemical properties of 
natural starch do not meet the requirements of industrial 
use (Park et al., 2018). Previously, various physical 
methods (heat-moisture treatments, freezing, and 
ultrahigh-pressure treatments) and chemical modification 
were applied for starch processing (Chung et al., 2010; 
Park et al., 2018). To overcome the hazards of these 
treatments, enzymatic modification is the best as the 
process is safe, healthier, and eco-friendly. The enzymatic 
processing is mostly mediated by a group of amylolytic 
enzymes. 

Varieties of starch degrading enzymes such as α-
amylase, isoamylase, α-glucosidase, CGTase (cyclodextrin 
glycosyltransferase), branching enzymes, pullulanase, 
amylopullulanase, and neopullulanase commonly belong 
to the α-amylase family. Earlier, Kuriki and Imanaka 
(1999) had classified the amylases into -amylase (EC 
3.2.1.1), debranching enzymes such as pullulanase (EC 
3.2.1.41), isoamylase (EC 3.2.1.68), CGTase (EC 

2.4.1.19), and branching enzyme (EC 2.4.1.18). The 
carbohydrate-active enzyme (CAZy) database is the tool 
for the classification of carbohydrases. This database 
carries 168 glycosyl hydrolase (GH) families (GH1–
GH168) having 18 clans (A–R). CAZy database was 
constructed for the distribution of all carbohydrate-
splitting enzymes (Lombard et al., 2014; 
https://www.cazy.org/). GH13, GH31, GH57, and GH119 
are the most important family concerning amylolytic 
enzymes. Almost all the common amylolytic enzymes 
(family GH13, GH31, GH57, GH77, and GH119) have 
multiple domains and similar internal structures containing 
(/)8 barrel topology. The molecular structure of 
amylases, mechanism of catalysis, and mutational effects 
can improve overall strategies of applications of amylases.  

The progression of biotechnology tremendously 
increases the applications of amylases and other industrial 
enzymes like cellulase, xylanase, pectinase, and proteases. 
The global market of industrial enzymes is growing 
exponentially from the last decade and is projected to be 
continued in the future. According to the global industrial 
enzymes market report, the annual growth had started with 
a value of 5.8% from the year 2017; the estimated values 
had touched the level of US$ 5.9 billion in the previous 
year (2020).  The expected estimated values will reach up 
to US$ 8.7 billion in 2026 (Industrial Enzymes Market 
2016; 
https://www.businesswire.com/news/home/201612190056
19/en/Global-Industrial-Enzymes-Market-Analysis-2016--
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). The enzymes of the amylase family are potentially used 
in the brewing process, food and pharmaceutical industry, 
animal feed preparation, paper recycling, biofuel 
production, desizing process, detergent preparation, and 
waste management (Yan and Wu, 2016). Amylases 
themselves have a 25% share in the world's enzyme 
market (Rajagopalan and Krishnan, 2008; John, 2017) and 
more specifically used in different purposes (detergents-
37%, textiles-12%, starch processing-11%, baking-8%, 
and animal feed production-6%) (Deb et al., 2013).  

The commercial production of amylase was started in 
1894 when Jōkichi Takamine isolated “Takadiastase” from 
a wheat bran culture of Aspergillus oryzae. Numerous 
bacteria (e.g. Bacillus licheniformis, B. amyloliquefaciens, 
B. subtilis, B. stearothermophilus) and fungi (e.g. 
Aspergillus oryzae, A. niger, A. awamori, Rhizopus sp.) 
were exploited for the large scale production of amylases 
(Gupta et al., 2003; Mehta and Satyanarayana, 2016; 
Samanta, 2020a). In the commercial sectors, different 
multinational companies (Novozymes, DuPont Danisco, 
AB Enzymes, Dyadic, BASF, DSM, and others) are 
involved in the production of amylases; they cover more 
than 70% of the total enzyme market. Indian biotech sector 
has achieved a vital position in manufacturing and research 
services in the enzyme sector (Li et al., 2012; Chandel et 
al., 2007; Kumar et al., 2014; Industrial Enzymes Market, 
2016). The enzyme-based preparation of infant and 
geriatric foods, confectionery products, digestive aids, 
animal feed, detergents, biofuel, and many other products 
depend on the supply of amylases and other industrial 
enzymes from these multinational companies. The present 
review has focused on the amylases of GH13 and 
associated families, their sources, production, catalytic 
properties, primary structure. Special emphasis has been 
given to the applications of -amylase, -glucosidase, 
maltogenic amylase, debranching enzymes, CGTase, 
pullulanase, and neopullulanase.  

2. Methodology 

The CAZy database (Lombard et al., 2014) was 
thoroughly reviewed for the study of the classification of 
amylases. Then the literature survey had been done for the 
collection of information related to molecular structure, 
catalytic strategies, mechanism of action, and applications 
of amylolytic enzymes in different sectors. For this 
purpose, several databases such as NCBI website database 
PubMed, Springer Nature, Science Direct (Elsevier), 
Google Scholar, ResearchGate, and others were viewed for 
searching the relevant articles. Different keywords like 
classification of amylases, glycosyl hydrolase families, the 
molecular structure of amylases, mechanism of catalysis 
by amylases, and applications of amylases were used 
during the literature survey. Then, this review has been 
prepared on the basis of the searching content.  

3. Starch and some important saccharides  

Starch is the major component of the human diet and 
comprises half of the ingested carbohydrates. Several 
starch-based products like glucose syrups, high fructose-
containing syrup, malto-oligosaccharides, cyclodextrins, 
anomalously linked oligosaccharides mixture (Alo 
mixture), branched dextrin are produced through 

enzymatic treatment for the formulation of geriatric and 
infants' foods. Moreover, starch has other industrial 
applications such as thickener, colloidal stabilizer, gelling, 
bulking, and water holding agent due to its molecular 
properties (Singh et al., 2007). Amylases are used for the 
removal of starch during cloth making, production of 
finished paper, biofuel production, and wastewater 
treatment of the sugar and paper industries. Another 
important use of amylases is in the brewing industry where 
starchy products are the initial components for making 
wine. Several digestive medicines are formulated by 
fungal -amylase. Recently amylase is used in the 
diagnostic kit. 

Starch is regarded as a biopolymer of glucose. It is 
usually present inside the plant cells as compact insoluble 
granules, which may be spherical, lens-shaped, or ovoid. 
The major sources of starch are maize, rice, tapioca, 
potato, wheat, and cassava. Natural starches consist of an 
unbranched amylose chain (15–20%) and branched 
amylopectin (80–85%). Amylose is a polymer of D-
glucopyranosyl units, consists of 300-3000 glucose 
residues joined by α-1→4 glycosidic linkages. Amylose 
can form inclusion complexes with iodine (Zobel, 1988) 
and generate a colored complex. A minimum of 18 glucose 
units containing an oligosaccharide chain is required to 
form a starch iodine color complex (Bailey and Whelan, 
1961). However, the intensity of color increases linearly 
with chain length to about 70 glucose units. The structure 
of amylopectin is more complex. It is the largest polymer 
in nature with a DP (degree of polymerization) ranging 
from 3×105 to 3×106 D-glucopyranosyl units; however, 
the individual chains vary between 10 and 100 glucose 
units (Bijttebier et al., 2008). The backbone of 
amylopectin is much longer than that of amylose. It 
contains up to 105 glucose residues joined by α-1,4 
glycosidic linkages with glucan sidechains having 20-25 
residues linked by α-1,4 linkages. Sidechains are attached 
to the backbone by α-1,6 glycosidic bonds (Fig. 1A). The 
detailed structure of amylopectin is still speculative; it is 
composed of 3 types of chains, A, B, and C with the 
degree of polymerization (DP) in the range of 12–75 
glucose residues. A-chains (DP 12-16) are linked to B-
chains. These B-chains are further linked to other B-chains 
and to the C-chain, which carries the only reducing 
glucose residue. The B-chains can be further divided into 
B1- (DP 20-24), B2- (DP 42-48), B3- (DP 69-75) and B4-
chains (Hizukuri, 1986, 1996) (Fig. 1B). In consideration 
of general properties, starch appears as polymeric glucan, 
osmotically inactive, stable, white soft amorphous powder, 
lacks sweetness, and is insoluble in water, alcohol, and 
ether at room temperature. It is highly hydrated since it 
contains many exposed hydroxyl groups.  

Pullulan is a fungal polysaccharide (extracellular) that 
was initially isolated from Pullularia pullulans. It 
comprises maltotriose units linked by -1,6-glucosidic 
bonds (Fig. 1C). The other important molecules are 
isopanose and panose. They are trisaccharides, contain -
1,4- and -1,6-glycosidic bonds. (Fig. 1D). Another 
component is isomaltose, which contains only -1, 6-
glycosidic linkage. Although the -1, 6-glycosidic 
linkages are similar to amylopectin, starch-debranching 
enzymes can cleave the pullulan polysaccharide. Pullulan 
is a water-soluble polysaccharide, produces a colorless 
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visco-adhesive solution. The food, pharmaceutical, and biomedical industries are the major user of pullulan.
 

 
Figure 1. A: Schematic representation of amylose and amylopectin. Amylose molecule has repeating α-1, 4 linkages. Amylopectin molecule 
showing the α-1, 4, and α-1,6 chain linkages. B: Molecular arrangement of amylopectin, composed by A, B, and C chains. Solid line: α-1,4 
bound glucose units; arrow: α-1,6 linkage; ø: reducing glucose residue. (details are given in the text). (Adapted from Hizukuri 1986, 1996). 
C: Schematic representation of the structure of pullulan. D: Diagramatic representation of isomaltose, isopanose, and panose. 

4. An overview on glycosyl hydrolase family and 
classification of amylolytic enzymes 

Different starch degrading enzymes are most abundant 
in nature and responsible for metabolism as well as 
industrial applications. Earlier, R. Kuhn (1925) and later E. 
Ohlsson (1930) observed the contrastive differences of the 
enzymatic-hydrolytic products of starch and then classified 
the starch degrading enzymes in -and -amylases 
according to the anomeric type of sugar products. The 
classification of amylases had not completed properly at 
the initial stage of categorization because several starch-
degrading enzymes had shown the activity of transfer or 
condensation reaction in addition to the hydrolytic 
reaction. Initially, these enzymes had not classified as 
amylases. The molecular study of these enzymes 
(cyclodextrin glycosyltransferase, pullulanase 
isopullulanase, etc.) had shown that they had four 

conserved regions of sequence in their primary structure 
for substrate binding and catalytic activity, which is 
similar to Taka amylase. These four conserved sequences 
were not present in -amylase (EC 3.2.1.2) and 
glucoamylase (EC 3.2.1.3).  

Based on the action pattern, K. Myrback and G. 
Neumuller (1950) classified amylases into endo-amylases 
and exo-amylases. Endoamylases cleave internal -1,4 
bonds that are present in the inner part (endo) of the 
amylose or amylopectin chain. The hydrolytic reaction 
occurs randomly in the interior of the starch molecule. The 
end products are -anomeric oligosaccharides with 
varying chain lengths and -limit dextrins, which 
constitute branched oligosaccharides. The term "alpha" 
relates to the initial anomeric configuration of the reducing 
groups of the liberated product and is not related to the 
configuration of the hydrolyzable linkage. Exoamylases 
start hydrolysis from the non-reducing end; the subsequent 
result is the production of short end-products. These 
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enzymes cleave -1,4 or -1,6 bonds of the external 
glucose residues of amylose or amylopectin resulting, in 
the formation of - or -anomeric products. There are 
several types of exoamylases. Amylogucosidase 
(glucoamylase/-amylase, EC 3.2.1.3) and -glucosidase 
(EC 3.2.1.20) produce glucose as the sole end product 
from starch and related polymers. -amylase produces 
maltose from amylose, maltose, and -limit dextrin from 
amylopectin and glycogen. Maltogenic -amylase (EC 
3.2.1.133), maltotetraose forming amylase (EC 3.2.1.60), 
maltohexaose forming amylase (EC 3.2.1.98) are also the 
example of exoamylases. The cyclodextrin producing 
enzyme cyclodextrin glycosyltransferase (CGTase, EC 
2.4.1.19) and branching enzyme (EC 2.4.1.18) have an 
additional activity of transglycosylation. They belong to 
the transferase group. CGTase hydrolyzes starch to a 
homologous series of cyclic, non-reducing D-glucosyl 
polymers, called cyclodextrins. Besides these, debranching 
enzymes hydrolyze only -1,6 bonds exclusively, 
producing long linear polysaccharides. Enzyme 
transferases cleave -1,4 glycosidic bond of the donor 
molecule, transfer the part of the donor molecule to a 
glycosidic acceptor, forming a new glycosidic bond.  Thus, 
the classifications of amylolytic enzymes of microbial 
origin are based on action pattern and end-product 
formation.  

From the year 1991, the -amylase family belonged to 
the glycosyl hydrolases family 13 after the establishment 
of sequence-based classification of all glycoside 
hydrolases, transferases (Henrissat, 1991). Finally, the 
concept of the -amylase family was proposed by Takata 
(1992).  Currently, carbohydrate-splitting all the enzymes 
are distributed in different glycosyl hydrolase families 

(GH family). According to the carbohydrate-active 
enzymes (CAZy) database, there are 168 glycosyl 
hydrolases families (GH1–GH168) with 18 clans (A–R). 
The starch degrading or modifying enzymes are distributed 
in GH families 3, 13, 14, 15, 31, 57, 63, 77, 97, 119, 122, 
126, and 133 (Table 1). Mostly useful amylolytic enzymes 
are commonly found in GH13, GH57, GH119, and GH126 
family (Lombard et al., 2014; Janeček et al., 2014; 
Kerényiová and Janeček, 2020a). The family GH57 was 
established more than twenty years ago when the three-
dimensional structure of some α-amylases and related 
enzymes were elucidated that contained a (β/α)7-barrel (an 
irregular TIM-barrel domain) in their configuration (Sarian 
et al., 2017). Later, family GH119 also was established 
(Janeček and Kuchtová, 2012; Blesák and Janeček, 2013). 
Initially, there were some disputes about the members of 
GH126 that were resolved after the crucial contribution of 
Koseoglu et al. (2015), Wu et al. (2019), and Janecek et al. 
(2019). The family GH126 was created by Ficko-Blean in 
the year 2011 (Ficko-Blean et al., 2011). Up to July 2020, 
this family counts more than 1000 sequences exclusively 
from the bacteria under the phylum Firmicutes 
(Kerényiová and Janeček, 2020a). The in silico study had 
revealed that this family has relationships with other GH 
families. The members of this family bear seven conserved 
sequence regions; they comprise catalytic (α/α)6-barrel 
structure in their three-dimensional configuration 
(Kerenyiova and Janecek, 2020b). Moreover, -
glucosidase (EC 3.2.1.20) belongs to the families GH31, 
GH63, GH97, and GH122 along with GH13 and 
glucoamylase (EC 3.2.1.3) is present in the separate family 
GH15 and GH97. 
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Table 1. Selected glycosyl hydrolases family (GH family) and their fundamental characteristics (Lombard et al., 2014).  

Family Enzyme name and EC No. Structure Mechanism of 

GH13 

GH Clans: 
GH-H 

α-Amylase (3.2.1.1); oligo-1,6-glucosidase (3.2.1.10); α-
glucosidase (3.2.1.20); pullulanase (3.2.1.41); 
cyclomaltodextrinase (3.2.1.54); maltotetraose-forming 
α-amylase (3.2.1.60); isoamylase (3.2.1.68); dextran 
glucosidase (3.2.1.70); trehalose-6-phosphate hydrolase 
(3.2.1.93); maltohexaose-forming α-amylase (3.2.1.98); 
maltotriose-forming α-amylase (3.2.1.116); maltogenic 
amylase (3.2.1.133); neopullulanase (3.2.1.135); malto-
oligosyltrehalose trehalohydrolase (3.2.1.141); limit 
dextrinase (3.2.1.142); maltopentaose-forming α-
amylase (3.2.1.-); amylosucrase (2.4.1.4); sucrose 
phosphorylase (2.4.1.7); branching enzyme (2.4.1.18); 
cyclomaltodextrin glucanotransferase (CGTase) 
(2.4.1.19); 4-α-glucanotransferase (2.4.1.25); 
isomaltulose synthase (5.4.99.11); trehalose synthase 
(5.4.99.16). 

Number of domains :  3  (A, B, C). 

Types of fold: (β/α)8-barrel. 

Catalytic site: (β/α)8-barrel in domain A. 

 

 

Retaining  

Some enzymes have 
transglycosylation 
activity. 

 

Proton donor: Glu   

Nucleophile: Asp  

GH14 β-Amylase (3.2.1.2) 

 

Single domain (β/α)8  Inverting 

Proton donor: Glu   

Nucleophile: Glu 

GH15 

GH Clans: 
GH-L 

Glucoamylase (3.2.1.3); glucodextranase (3.2.1.70); α,α-
trehalase (3.2.1.28); dextran dextrinase (2.4.1.2)  

Types of fold: (α/α)6 barrel  

Some have super-β-sandwich. 

Inverting 

Proton donor: Glu 
Nucleophile: Glu  

GH31 

GH Clans:  
GH-D 

α-Glucosidase (3.2.1.20); α-galactosidase (3.2.1.22); α-
mannosidase (3.2.1.24); α-1,3-glucosidase (3.2.1.84); 
sucrase-isomaltase (3.2.1.48) (3.2.1.10); α-xylosidase 
(3.2.1.177); α-glucan lyase (4.2.2.13); 
isomaltosyltransferase (2.4.1.-); oligosaccharide α-1,4-
glucosyltransferase (2.4.1.161); sulfoquinovosidase 
(3.2.1.-). 

Types of the fold: (β/α)8-barrel. 

N-terminal β-sandwich also present.  

β-folded proximal and distal C-terminal 
domain is present in the structure. 

Retaining 

 

Proton donor: Asp   
Nucleophile: Asp. 

GH57 α-Amylase (3.2.1.1); α-G\galactosidase (3.2.1.22); 
amylopullulanase (3.2.1.41); cyclomaltodextrinase 
(3.2.1.54); branching enzyme (2.4.1.18); 4-α-
glucanotransferase (2.4.1.25). 

 

Number of domains:  3  (A, B, C). 

Types of fold: (β/α)8-barrel. 

Catalytic site: (β/α)8-barrel in domain A. 

Some cases (β/α)7  irregular (β/α)8-barrel 
/  pseudo TIM-barre may be present. 

Retaining 

 

Proton donor: Asp   
Nucleophile: Glu. 

GH77 

GH Clans:  
GH-H 

Amylomaltase or 4-α-glucanotransferase (2.4.1.25) 4-7 conserved sequences are present, but 
domain C is absent.  

The TIM-barrel structure is disrupted in 
the sub-domains B1, B2 and B3 by 
insertions.  Subdomain B1 consists of a 
highly twisted four-stranded antiparallel 
β-sheet with two α-helices.  

Trans-glycosylation 

 

Proton donor: Glu  
Nucleophile: Asp. 

 

GH97 Glucoamylase (EC 3.2.1.3); α-glucosidase 
(EC 3.2.1.20); α-galactosidase (EC 3.2.1.22) 

Number of domain: 3 

 N-terminal β-super-sandwich domain, 
followed by  (α/β)8 barrel containing 
central domain, carries catalytic site and 
a C-terminal β-sheet domain. 

Inverting and retaining

Proton donor: Glu 

Nucleophile: Glu for 
inverting; Asp for 
retaining. 

GH119 α-Amylase (EC 3.2.1.1)  

Created after Watanabe et al. (2006). 

Distantly related to family GH57;  Retaining 

GH122 α-glucosidase (EC 3.2.1.20) 

Created after Confort et al. (2008).  

 

- 

 

- 

Among the glycosyl hydrolase families, GH13 is the 
largest family in the CAZy database having more than 30 
types of amylolytic enzymes with different characteristics 
(Lombard et al., 2014). At present, the GH13 family 
counts more than 80,000 sequences (Janeček and 
Zámocká, 2020). The GH13 has 42 subfamilies (Janeček 
and Gabriško, 2016; Valk et al., 2016; Janeček and 
Zámocká, 2020). However, the number of subfamilies is 
still emerging. Currently, another novel GH13 subfamily is 
proposed after the bioinformatics study of the α-amylase 

from the halophilic archaeon Haloarcula hispanica 
(Janeček and Zámocká, 2020). Considering the different 
subfamilies, only eleven subfamilies contain α-amylases 
activity: GH13_1 (fungi), GH13_5 (bacterial liquefying 
enzymes that produce short-chain dextrin from starch and 
reduce the viscosity of starch suspension), GH13_6 
(plants), GH13_7 (archaea), GH13_15 (insects), GH13_24 
(animals), GH13_27 (proteobacteria), GH13_28 (bacterial 
saccharifying enzymes, mostly exoamylases and produce 
glucose, maltose, maltotetraose, etc.), GH13_32 (bacteria), 
GH13_36 (intermediary α-amylase), and GH13_37 
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(marine bacteria) (Janeček and Gabriško, 2016; Møller and 
Svensson, 2016). Neopullulanase, cyclomaltodextrinase, 
and maltogenic amylases are classified in the subfamily 
GH13_20 (Lombard et al., 2014; Kuchtová and Janeček, 
2016). These enzymes have the N-terminal starch-binding 
domain (SBD) that specifically belongs to the 
carbohydrate-binding modules (CBMs) family 34 
(CBM34) (Machovic and Janeček 2006; Kuchtová and 
Janeček 2016).  Additionally, pullulan hydrolase type III 
enzymes had been included in the subfamily GH13_20 
(Lombard et al., 2014).  Valk et al. (2016) reported that 
about 10% of enzymes of the GH13 family carried SBDs. 
Fundamentally, SBDs are the subgroup of CBMs. Several 
authors observed that raw starch degrading α-amylases had 
additional CBM at their C-terminal ends (Boraston et al., 
2006; Machovič and Janeček, 2006; Lombard et al., 2014). 
The SBDs are more important for the breakdown of 
thermally-untreated granular starch. SBD is the 
independent protein module within the raw starch 
digesting enzymes. SBD does not exhibit catalytic activity 
but holding the substrate in a proper position and 
represents it to the active site. The SBDs along with other 
CBMs are an integral part of the CAZy database. 
Currently, there are 85 CBM families; among them 
CBM20, 21, 25, 26, 34, 41, 45, 48, 53, 58, 68, 69, 74, 82 
and 83 exhibit SBD functional characteristics. However, 
CBM74 is recognized as an extra-long module having a β-
sandwich with 100 residues and carrying at least one 
substrate binding site (Janeček et al., 2019). 

The classification of the GH13 family is based on the 
amino acid sequence homology. Three main groups of 
enzymes like glycosyl hydrolases (endoamylases, 
exoamylases), transferases, and isomerases are the member 
of this family (Møller and Svensson, 2016). GH13 family 
was further classified based on a larger unit called clan, 
which is the three-dimensional structure of the catalytic 
region. A clan consists of two or more families having the 
same three-dimensional structure of the catalytic domain 
but with limited sequence similarities. Among the eighteen 
clans (A–R) of glycosidases and transglycosidases, GH-13 
belongs to the clan eighth (GH-H) (MacGregor et al., 
2001; MacGregor 2005). Initially, Takata et al. (1992) 
gave the common features of the enzymes of this family: 
(i) they cleave α-glycosidic bonds and hydrolytic products 
are α-anomeric mono- or oligosaccharides,  
transglycosylation activity forms α-1-4 or 1-6 glycosidic 
linkages or a combination of both; (ii) TIM (triose 
phosphate isomerase) barrel or (/)8 barrel structure is the 
common features, which bears the amino acid residues at 
the catalytic site; (iii) four highly conserved sequence 
regions are present in their primary sequence, these hold 
catalytic residues and stabilize TIM barrel topology; (iv) 
Asp, Glu, and Asp residues form a triad at the catalytic site 
to exert hydrolytic cleavage by acid/base retaining 
mechanism.  These three amino acid residues are also 
present in the catalytic sites of -amylase, pullulanase, 
cyclodextrin glycosyltransferase (CGTases), isoamylase, 
and the branching enzymes (Kuriki and Imanaka, 1999). 
However, some additional features are also included in the 
-amylase family, which cover hydrolases, transferases, 
and isomerases (Svensson et al., 2002). The enzymes of 
this family can cleave not only -1,4- and -1,6-bonds but 
also -1,1-, -1,2-, -1,3- and -1,5-glucosidic linkages 
(Mac Gregor et al., 2001). Later, three additional 

conserved sequence regions were also established along 
with the previous four conserved regions (Janeček, 2002). 

5. Production and purification of amylases 

The application of biocatalysts in different industrial 
sectors is a great success towards the clean and green 
world. Several biotech companies produce varieties of 
useful enzymes like amylases, cellulase, pectinases 
invertase, pullulanase, protease, lipase, lysozyme, and 
others, which are mostly obtained from microbial sources. 
Among the industrially important enzymes, amylases 
constitute a class of enzymes having approximately a 
quarter shares in the world’s enzyme market (John, 2017). 
Amylases are ubiquitously present in all living organisms. 
However, in the commercial sectors, different bacteria, 
fungi, and recombinant microbes are used for amylase 
production.  

Several studies had revealed that various bacteria under 
the genus Bacillus (B. licheniformis, B. 
stearothermophilus, B. amyloliquefaciens, B. subtilis, and 
others), non-Bacillus (Pseudomonas stutzeri, 
Streptococcus brevis, Rhodothermus marinus, 
Corynebacterium gigantea, Clostridium acetobutylicum, 
Caldimonas taiwanensis), and halophilic organisms 
(Haloarcula hispanica, Halobacillus sp., 
Chromohalobacter sp., Bacillus dipsosauri, Halomonas 
meridian) are the good sources of extracellular amylase 
production. Not only bacteria, but fungi have also shown 
good results in this purpose. Different species of 
Aspergillus (A. oryzae, A. niger, A. awamori, A. fumigates 
and others), Penicillium (P. brunneum, P. fellutanum, P. 
expansum, P. chrysogenum, etc.), and others 
(Streptomyces rimosus, Thermomyces lanuginosus, 
Pycnoporus sanguineus, Thermomonospora curvata) are 
regarded as efficient amylase producer (Samanta, 2020b). 
Additionally, the genus   Aspergillus and Bacillus are the 
major contributors of amylases in the industrial sectors, 
and they are constantly exploited for enzyme preparation. 
A short-list of amylase producers and their optimized 
conditions for enzyme production has been furnished in 
Table 2. To improve the characteristics (pH profile, 
thermostability, oxidant resistance, metal ion 
independency, and others) of amylase, recombinant 
organisms (Table 3) were developed for better purposes. 

Production of microbial enzymes mostly depends upon 
the environmental and nutritional conditions of the culture 
medium (Table 2). The growth of microorganisms is 
determined by the organism's ability to utilize the essential 
nutrients from its surroundings as well as its physiological 
activities. Several physicochemical parameters, including 
nutrient supplementation (carbon, nitrogen, and 
phosphate), pH of the medium, water activity, oxygen 
supply, temperature, and level of contamination are the 
crucial factors for optimum growth of the microorganism 
as well as enzyme production. Fermentation is the process 
for the production of useful products through the mass 
culture of certain microorganisms. Production of amylases 
has been carried out in both solid-state fermentation (SSF) 
and submerged fermentation (SmF). Traditionally, SmF 
was used for enzyme production; later SSF is being more 
popular for large-scale production of amylases due to its 
cost-benefit and ease of handling. Biotechnological 
progress makes the SSF more fashionable to the industrial 
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sectors for the production of enzymes, food and 
pharmaceutical components, bio-bleaching agents, and 
others (Soccol et al., 2017). To achieve the maximum 
yield, several parameters like surface area, porosity, 
moisture content, particle size, and nutrient 
supplementation are considered during culture (Farinas, 
2015; Singhania et al., 2009). The potential use of moist 
agricultural polymeric substrates such as wheat bran, rice 
bran, rice husk, cassava, sunflower meal, cottonseed meal, 
soybean meal, pearl millet, and others make the process 
more convenient and eco-friendly. Agricultural residues 
provide solid support and nutrients as they contain 
cellulose, hemicellulose, lignin, starch, pectin, protein, 
minerals, and others (Farinas, 2015). Supplementation of 
macro (protein) and micro-nutrients (vitamins and 
minerals) enhance many folds of enzyme synthesis.  

The extracellular enzyme is present with other proteins 
and cell debris in the culture medium; so, it is essential to 
purify the enzyme up to its homogeneity. Most of the 
enzymes are purified from other proteins and non-protein 
contaminants based on their inherent properties like shape, 
size, charge, hydrophobicity, solubility, and biological 
activity. Traditionally, a multi-step purification system was 
the common process of purification. In this technique, 
centrifugation, or filtration of the culture medium, salting 
out, ion-exchange chromatography followed by gel 
filtration were performed in the purification process. High 
performance liquid chromatography (HPLC) is applied to 
increase the homogeneity of protein.  

The conventional multi-step purification process is cost 
expensive, time-consuming, and always has a chance of 
loss of the desired product with low yield (Arauza et al., 
2009). The large scale cost-effective purification of the 
bulk enzyme for commercial purposes had been developed 
after the evolution of purification techniques, which are 
fast, efficient, and economically viable with fewer 
processing steps (Amritkar et al., 2004). Forced affinity 

chromatography, expanded bed / fluidized bed 
chromatography, high-speed counter-current 
chromatography (HSCCC), and magnetic affinity 
adsorption chromatography are the single-step purification 
process. Forced affinity chromatography provides effective 
results for the purification of amylase on an industrial 
scale. Soluble starch, raw potato starch, carboxymethyl-
starch, and guar gum are used for the preparation of the gel 
matrix by cross-linking the polysaccharides with 
epichlorohydrin. Pectin gel may also be prepared by using 
carbodiimide (EDC, l-ethyl-3-(3-dimethyl aminopropyl). 
Ammonium sulfate acts as a stimulator (forced affinity) for 
the binding of the enzyme to the gel. The features of 
single-step purification techniques are given in Table 4. 

Molecular weights of -amylases vary from about 10-
148 kD (Nguyen et al., 2000; Valk et al., 2016). The 
optimum pH value of α-amylase from various sources 
differs from 2-11 (Sivaramakrishnan et al., 2006). 
Temperature optima for -amylase activity vary from 25 
°C to 100 °C (Mehta and Satyanarayana, 2016). Most of 
the -amylases are calcium-dependent; however, calcium-
independent amylase is equally important (Mehta and 
Satyanarayana, 2014; Samanta et al., 2014; Xian et al., 
2015). The major characteristics of microbial α-amylases 
are presented in Table 5. Variations in the characteristics 
make them useful for their industrial applications. Despite 
α-amylase, del Moral et al. (2018) reported that fungal -
glucosidases were optimally active in 50 to 65 °C 
temperatures and pH 4.5–6. The molecular mass of the 
enzymes was observed in between 50 to 145 kD. 
Generally, they showed metal ion-independent activity. 
The molecular weight of isoamylase varied in the range of 
60 to 120 kD.  The pH and temperature optima were 
observed between 5–8 and 30 to 80 C, respectively. The 
catalytic activity did not depend on metal ions (Ray, 
2011). 
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Table 2: Sources and production of microbial -amylase. 
Source Fermentation Substrate Enzyme 

production 
pH for  
optimum 
enzyme 
production 

Tempt. (°C) for  
optimum enzyme 
synthesis 

Incuba-tion 
period (hours) 

Ref. 

Fungi 
Aspergillus oryzae 
(IFO 30103) 

SSF Spent-
brewing 
grains 

11296 U/ gds  30 48 Patel et al., 2005 

Aspergillus oryzae  SSF Wheat bran 15095 U/gds 5.0 30 72 Sivaramakrishnan 
et al., 2007 

Aspergillus oryzae IFO 
30103 

SSF Wheat bran  6.0 32 48 Dey and Banerjee, 
2012 

Aspergillus oryzae SmF Synthetic 
media 

2.685 U/ml 7.0 45 72 Shah et al., 2014 

Aspergillus niger SmF Synthetic 
medium 

 5.0 30 120 Gupta et al., 2008 

Aspergillus niger BAN 
3E 

SSF Black gram 
bran 

8 U/mg 5.5 37 120-144 Suganthi et al., 
2011 

Aspergillus 
niger WLB42 

SmF Synthetic 
medium 

2189 U/ml 7.0 30 48  Wang et 
al.,ꞏ 2016  

A. fumigatus 
NTCC1222 

SSF Wheat bran 341.7 U/mL 6.0 35 144 Singh et al., 2014 

Aspergillus 
terreus NCFT4269.10  

SSF and 
liquid static 
surface 
(LSSF) 

Pearl millet  7.0 30 96 Sethi et al., 2016a 
and 2016b 

Penicillium  
janthinellum 
  NCIM) 

SSF 
 

Wheat bran 275 U/gds 5.0 35 96 Sindhu et al., 
2011 

Bacteria 
Bacillus subtilis  SmF Soluble 

starch 
3790 U/ml  37 24 Özdemin et al., 

2011 
B. amyloliquifaciens 
TSWK1-1 

SmF Synthetic 
medium 

250 U 7.0 50 48 Kikani and Singh, 
2011 

B. amyloliquifaciens  
ATCC23842 

SSF Ground nut 
oil cake and 
wheat bran 

1671 U/gm 5.0 37 72 Gangadharan et 
al., 2011 

B. amyloliquefaciens 
P-001 

SmF Synthetic 
medium with 
soluble 
starch 

35.0 4 U/ml 9.0 42 48 Deb et al., 2013 

B. methylotrophicus 
P11-2 

SmF Soluble 
starch 

144 U/ml 7.2 37 70 Xie et al., 2014 

B. licheniformis AI20 SmF Soluble 
starch 

166.5 U/ml 7.0 45 40 Abdel-Fattah et 
al., 2013 

B. licheniformis SKB4 SmF Soluble 
starch 

3.8 U/ml 6.5 42 24 Samanta et al., 
2014  

B. acidicola TSAS1 SmF Starch 8300 IU/l 4.5 33 36 Sharma and 
Satyanarayana, 
2011 

B. cereus SmF Potato starch  6.5 35 48 Madhavi et al., 
2010 

Bacillus sp. GHA 1 SmF Potato starch 
Soyameal 

 6.5-8.0 37 72 Ahmadi et al., 
2010 

Geobacillus sp. IIPTN SmF Starch 
containing 
medium with 
soybean 
meal 

135 U/ ml 6.5 60 14 Dheeran et al., 
2010 

Geobacillus 
stearothermophilus HP 
3 

SmF Maltose 
supplement 

80 U/ml 9.0 55 24 Selim, 2012 
 

Cronobacter sakazakii 
Jor 52 

SmF Soluble 
starch 

2.2 U/ml 7.0 37 24 Samanta et al., 
2013 

Recombinant B. 
licheniformis 
CBBD302 (PHY-
amyL) 

SmF Soybeam 
meal, cotton 
seed meal, 
corn step 
liquor, 
lactose 

17.6 mg/ml 6.0 42 120 Niu et al., 2009 

Tempt.: Temperature; Ref.: References  
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Table 3. Sources of recombinant organisms as -amylase producer and some fundamental features of the enzyme 

Organism Host Key features of -amylase from recombinant organism References 

Bacillus licheniformis NH1  Escherichia coli 
BL21 Vector: 
pDEST17  

MW: 58 kDa 

pH optima:  6.5 (pH range 5.0 to 10.0) 

Temperature optima: 90 °C  

Others: Show better therostability and maximum stability towards 
surfactants (SDS, Tween 20 and Triton X-100) 

Hmidet et al., 
2008 

B. subtilis WB800  E. coli DH5α 

Vector: pMD18-T  

ORF sequence: 1545 bp encoding 514 amino acid residues 

Rate of production: 1.48-fold higher than wild type 

MW: 58.4 kDa (predicted) 

pH optima: 6.0    

Temperature optima: 60 °C  

Others: sensitive to detergents/surfactants. 

Chen et al., 
2015 

B. acidicola  E. colii  BL21 (DE3) 

Vector:  pET28a(+)  

Rate of production: 15-fold higher than wild type 

MW: 62 kDa 

pH optima: 4.0   (pH range 3.0 to 7.0) 

Tempt. optima: 60 °C (tempt. range 30 to 100 °C) 

Others: Ca2+-independent, acidstable, and high maltose forming  

Sharma and 
Satyanarayana, 
2012 

B. subtilis DR8806  E. coli BL21 (DE3)  

Vector: pET28a(+)  

MW: 76 kDa 

pH optima: 5.0   (pH range 4.0 to 9.0) 

Tempt. optima: 70 °C (tempt. range 45 to 75 °C) 

Others: Show high stability towards ioninc detergents SDS, CTAB, 
and maltoriose and maltose forming 

Emtenani et al., 
2015 

Geobacillus 
thermoleovorans  

E. coli ORF sequence: 1650 bp encoding 515 amino acid residues 

MW: 59 kDa 

pH optima: 5.0  

Tempt. optima: 80 °C 

Others: Ca2+-independent, highly thermostable and raw starch 
digesting  

Mehta and 
Satyanarayana, 
2013a 

Halomonas meridiana 
DSM 5425  

E. coli α-Amylase gene AmyH is the first extracellular-amylase-encoding 
gene isolated from halophiles and cloned into E. coli 

Coronado et al., 
2000b 

Pseudoalteromonas 
sp.MY-1  

E. coli ORF sequence: 2007 bp encoding 669 amino acid residues 

MW: 73.77 kDa (predicted) 

pH optima: 7.0  

Tempt. optima: 40 °C 

Others: oligosaccharides, and maltose forming 

Tao et al., 2008

Staphylothermus marinus  E. coli Amino acid residues: 696  

MW: 82.5 kDa (predicted) 

pH optima: 5.0 (pH range 3.5 to 5.0) 

Tempt. optima: 100 °C 

Others: extremely thermostable; active against  linear malto-
oligosaccharides, starch, cyclodextrins, and cycloamylose; 
hydrolyze acarbose and pullulan to acarviosine-glucose and panose, 
respectively 

Li et al., 2010 

Thermobifida fusca NTU22 Pichia pastoris X-33  

Vector: pGAPZalphaA

Rate of production: very high 

MW: 65 kDa 

pH optima: 7.0  

Tempt. optima: 60 °C 

Others: highly thermostable; raw sago starch digesting  

Yang et al., 
2010 

Thermoplasma volcanicum 
GSS1  

E. coli pH optima: 7.0  

Tempt. optima: 75 °C and 80 °C  

Others: highly thermostable; longer subsite structure, highly 
maltogenic 

Kim et al., 
2007 

Tempt.: temperature; MW: molecular weight; ORF: open reading frame; SDS: Sodium dodecyl sulphate; CTAB: cetyl trimethylammonium 
bromide 



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 2 320 

Table 4: Methods of one-step purification process of -amylases. 

Method  Chromatographic substances Basis  Advantages  

Affinity adsorption 
chromatography 

 

 

Cross-linked starch,  Epichlorohydrin or 
bifunctional epoxides activated agarose gel, 
α-, -, and  Cyclodextrin (CD) coupled 
with sepharose, divinyl sulphone.   

Immobilized metal ion affinity 
chromatography (IMAC): Cyclodextrin is 
treated by iminodiacetic acid (IDA) or 
nitrilotriacetic acid (NTA) and then the 
material is being further charged with 
cations (Ag+, Cu2+, Mg2+, Ni2+ , Hg2+, Fe2+ 
and Zn2+).  

Desorption agent -elution buffer with 
different pH, salt solution,  imidazole, N-
protected histidines and tryptophan 

Reversible interaction occurs 
between enzymes and specific 
ligand attached to chromatographic 
matrix.  

Enzyme binds with ligand by non-
covalent interaction 

The amino acid residues, such as 
aspartic acid (carboxyl group), 
glutamic acid (carboxyl group), 
histidine (imidazole group), 
cysteine (thiol group), tryptophan 
(indoyl group) or lysine (amino 
group) on the protein surface can 
specifically interact with different 
metal ions.  

High selectivity, high 
resolution, high capacity 

 

Expanded bed 
chromatography / 
Fluidized bed 
chromatography  

Alginic acid-cellulose cell beads Cross-
linking cellulose with other OH containing 
polymers like starch, dextrins, sodium 
alginate, alginic acid, cellulose, DEAE 
cellulose, carboxymethyl cellulose and 
microcrystalline cellulose (MCC).  

Sample feeding flow  and elution 
flow regulate the entire process  

Simple process, low 
downstream processing cost, 
reduced number of purification 
steps, high downstream 
efficiencies, industrially 
applicable; enzyme is eluted in 
increased concentration. 

High speed counter 
current 
chromatography 
(HSCCC) 

The combinations of aqueous polymer with 
high water content and low interfacial 
tension (two phase system) are applicable.  

Aqueous two phase polymer is made by 
PEG4000-phosphate aqueous polymer or 
PEG4000-citrate aqueous polymer.  

It is a continuous liquid–liquid 
partition chromatography without 
solid support matrix  

No interaction between 
samples with solid support, 
little chance of denaturation of 
target products, high recovery, 
high efficiency, easy to scale-
up, industrially compatible, 
reduces initial downstream 
steps. 

Magnetic affinity 
adsorption  

Magnetic alginate beads (microparticles) is 
prepared by using sodium alginate and  
ferromagnetic material (magnetic fluid - 
citrate-based ferrofluid).  

Other substances are used for magnetic 
biopolymers synthesis are agarose, 
chitosan, and kappa carrageenan. 

Magnetic component carries 
magnetic biopolymer particles 
which have affinity to the enzyme 

 

 

.  

Applicable for separation of 
alpha amylase and other starch 
degrading enzymes, simple 
process, very few steps are 
necessary, all the steps of 
purification are done in a single 
vessel, less expensive, no needs 
of major equipments, time 
saving, high efficacy value for 
large scale separation 

 

Table 5: Physico-chemical characteristics of -amylases. 

Source  Purification levels MW (kD) pH optima for 
enzyme activity 

Tempt. (°C) optima 
for enzyme activity

Kinetic 
properties

Effects of metal ions  Ref. 

Fungi 

Aspergillus oryzae 
IFO 30103 

Sp. Act. (U/mg)- 
627 

Pur. Fd.- 7.1 

Yld. (%)- 40 

51.3  5.5 50 Km - 
0.5% 

Vmax - 
1000 U/m
g  

 Co2+, Ca2+, Mg2+  

 Zn2+, Cu2+  

Dey and 
Banerjee, 2015

A. oryzae (IFO 
30103) 

Sp. Act. (U/mg)- 
51.08 

Pur. Fd.- 7.14 

(Up to (NH4)2SO4 
ppt.) 

66 5.0 50   Mn2+, Fe2+   

 Hg2+, Cu2+  

Patel et al., 
2005 

A. niger  WLB42
  

 50 7.0 45   Co2+,  

 Zn2+, Cu2+, Mg2+ 

Wang et 
al.,ꞏ 2016 ꞏ 

A. niger  Sp. Act. (U/mg)- 
0.982 

Pur. Fd.- 81.83 

 4.5 45   K+, Ca2+, Mg2+  

 Hg2+, Pb2+,  

Aisien and 
Igbinosa, 2019
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Yld. (%)- 60.227 

A. flavus F2Mbb Sp. Act. (U/mg)- 
4348 

Pur. Fd.- 161 

Yld. (%)- 15.74 

52.5 6.4 30 Km - 0.5 
mg/ml 

Vmax – 
17.78 
mg/ml/mi
n 

 Sidkey et al., 
2011 

A. flavus NSH9 Sp. Act. (U/mg)- 
48.1 

Pur. Fd.- 2.55 

Yld. (%)- 11.73 

54 5.0 50 Km – 4.22 
mg/ml 

Vmax – 
65.52 
U/mg 

 Ca2+,  

 Zn2+, Cu2+, Mg2 

Karim et al., 
2018 

Penicillium  
camemberti  PL21 

 

Sp. Act. (U/mg)- 
154.2 

Pur. Fd.- 38.5 

Yld. (%)- 23 

60.5 5-6.0 30 Km – 0.92 
mg/ml 

Vmax - 
38.5 
µmole/mi
n 

 Ca2+ 

 Hg2+, Ag+ 

 Nouadri et al., 
2010 

P. citrinum HBF62 Sp. Act. (U/mg)- 
1451 

Pur. Fd.- 18 

Yld. (%)- 82 

65 5.5 55 Km – 0.2 
mg/ml 

Vmax - 
5000 
U/mg 

 Mn2+, Ca2+, Co2+, 
Fe3+, Ba2+  

 K+, Zn2+. Hg2+ 

Metin et al., 
2010 

P. janthinellum 

  NCIM) 

Sp. Act. (U/mg)- 
696.66 

Pur. Fd.- 44.06  

Yld. (%)-30.73 

42.7 5.0 50   Hg2+, Zn2+,  Cu2+, 
Ag+ , Pb2+, Fe2+, Fe3+ 

Sindhu et al., 
2011 

P. olsonii Sp. Act. (U/mg)- 
23.45 

Pur. Fd.- 25.14  

Yld. (%)- 36.5 

 5.6 30 Km – 
0.556 
mg/ml 

 

 Mn2+, Mg2+ Afifi et al., 
2008 

Bacteria 

Bacillus cereus Sp. Act. (U/mg)- 
50.0 

 

56 6.0 50 Km – 1.43 
mg/ml 

Vmax - 
0.27mol
/min 

 Zn2+ 

 

Mahdavi et al., 
2010 

B. subtilis 
ITBCCB148 

Sp. Act. (U/mg)- 
40000 

Pur. Fd.- 148  

Yld. (%)- 8.8 

67 6.5 60 Km – 2.5 
mg/ml 

Vmax - 
192.3 
mol/ml/
min 

 Yandri et al., 
2010 

B. 
amyloliquifaciens  

TSWK1-1 

Sp. Act. (U/mg)- 
8000 

Pur. Fd.- 13.3   

Yld. (%)-45.71 

43 7.0 70 Km – 0.6 
mg/ml 

Vmax - 
2632 
mol/ml/
min 

Metal ion independent Kikani and 
Singh, 2011 

B. 
methylotrophicus 
P11-2 

Sp. Act. (U/mg)- 
330.7 

Pur. Fd.- 13.1   

Yld. (%)- 7.0 

44 7.0 70   Mg2+, Ba2+, Al3+ 

 Hg2+, Cu2+, Zn2+, 
Co2+ 

Xie et al., 
2014 

B. megaterium 

VUMB109. 

Sp. Act. (U/mg)- 
240.19 

Pur. Fd.- 27.39     

Yld. (%)-38.43 

150 7.75 93 Km – 1.5 
M 

Vmax – 
0.56 
mol/mg/
min 

 Ag2+, Cu2+, Sn2+, 
K+, Mg2+ 

 Hg2+, Pb2+, Zn2+ 

Jana et al., 
2013 

B. licheniformis 
AI20 

Sp. Act. (U/mg)- 
748.9 

Pur. Fd.- 59.34    

Yld. (%)- 12.6 

55 6-7.5 60-80 Km – 
0.709 
mg/ml 

Vmax - 
454 

 Ca2+, Co2+ 

 Hg2+ 

Abdel-Fattah 
et al., 2013 
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mU/mg 

B. licheniformis Sp. Act. (U/mg)- 
339.5 

Pur. Fd.- 203.29    

Yld. (%)- 23.62 

 7.5 90 Km – 
1.097% 

Vmax - 
44.54 
U/min 

 Ca2+, Mg2+, Co2+, 
Fe2+ 

 Zn2+, Ba2+ 

Adeyanju et 
al., 2007 

B. licheniformis 
SKB4 

Sp. Act. (U/mg)- 
827 

Pur. Fd.- 214    

Yld. (%)- 64.8 

60 6.5 90 Km – 6.2 
mg/ml 

Vmax – 
1.04 
mol/mg/
min 

 K+, Mg2+ Samanta et al., 
2014; Samanta 
et al., 2017 

Bacillus sp. GHA1 Sp. Act. (U/mg)- 
250 

Pur. Fd.- 131.6    

Yld. (%)- 28 

66 5.5-8    Ca2+ Ahmadi et al., 
2010 

Bacillus sp. SI-136 Sp. Act. (U/mg)- 
1193.07 

Pur. Fd.- 2.93     

Yld. (%)-84.3 

(Up to (NH4)2SO4 
ppt.) 

26 10 70-80   Mn2+ 

 Fe2+, Mg2+, Hg2+, 
Zn2+ 

Sarethy et al., 
2012 

Geobacillus 

stearothermophilus 
HP 3 

Sp. Act. (U/mg)- 
1.45 

Pur. Fd.- 0.35    

Yld. (%)- 13.9 

64 9.0    K+, Mg2+, Fe2+ 

 Hg2+, Zn2+, Co2+, 
Ni2+ 

Selim, 2012 

Geobacillus sp. 
IIPTN 

Sp. Act. (U/mg)- 
1200 

Pur. Fd.- 82    

Yld. (%)- 31 

97 5.0 80 Km – 36 
mg/ml 

Vmax – 
222 
mol/mg/
min 

 Mn2+, Co2+, Ca2+, 
Ba2+, Na+, Fe3+ 

 Cu2+, Zn2+, Mg2+ 

Dheeran et al., 
2010 

Anoxybacillus 
beppuensis TSSC-
1 

Sp. Act. (U/mg)- 
10,000.00 

Pur. Fd.- 19.51     

Yld. (%)-58.53 

43 7.0 80 Km – 0.5 
mg/ml 

Vmax – 
3571.42 
mol/ml/
min 

Metal ion independent Kikani and 
singh, 2012 

MW: Molecular weight; Tempt.: Temperature; Ref.: References; Sp. Act.: Specific activity; Pur. Fd.: Purification fold; Yld.: Yield; ppt.: 
Precipitation  

6. The pattern of the domain structure of different 
amylases of GH13 and related families 

The crystallographic structure of amylases revealed that 
they consist of a single polypeptide chain folded in three 
distinct domains A, B, and C (Fig. 2). The A domain is the 
most conserved structure in the amylase family. The N-
terminal part of the A-domain consists of eight parallel β-
strands, arranged in a barrel configuration, surrounded by 
eight α-helices ─ (β/α)8 barrel also called TIM barrel 
(Prakash and Jaiswal, 2010). This (β/α)8 barrel structure 
was first observed in the triosephosphate isomerase (TIM) 
of chicken muscle. Domain B and C are located on the 
opposite side of the TIM-barrel structure. Domain B is a -
strand rich structure. It is a projection part between β-
strand 3 and -helix 3 of the TIM-barrel (Janecek et al., 
1997). Both the domains A and B jointly form the 
substrate-binding cleft. There are seven other domains (C 
to I) in this family (Table 6) that are distributed either in 
front or behind the A domain. Domain C (-sandwich 
domain) is present at the C terminal end of the enzyme 
(Nielsen et al., 2004). The activity of CGTase is 
influenced by C-domain. E-domain has a role in the raw 

starch binding activity. N-terminal F-, H-, or G-domains 
are involved in the hydrolysis of α-1,6 glycosidic linkages 
(van der Maarel et al., 2002). Most of the time, calcium 
ion is associated with amylase structure. It is present at the 
interface between domains A and B. Calcium ion increases 
the stability and activity of the enzyme. However, several 
reports support the calcium independence of amylase 
activity (Asoodeh et al., 2010; Mehta and Satyanarayana, 
2014; Samanta et al., 2014; Xian et al., 2015).  

There are slight differences in the domain structure in 
different amylases. α-Amylase (EC 3.2.1.1) and its related 
enzymes have A, B, and C domains. Features of these 
domains are already described. The (/)8 barrel topology 
is also observed in the structure of α-glucosidase (EC 
3.2.1.20); although, the (/)8 structure of GH31 is quite 
different from GH13 (Mohanan and Satyanarayana, 2018). 
The catalytic domain of all debranching enzymes (oligo-
1,6-glucosidase, isoamylase, and pullulanase) is present in 
(/)8 barrel structure. CTGase (EC 3.2.1.19) consists of 
five domains (A–E). The A domain is present at the N-
terminal site, comprised (/α)8 barrel, and appeared as the 
major functional site. The B and C domains are involved 
in substrate binding and stability of the catalytic site 
(Knegtel et al., 1996). Additionally, the C domain helps in 
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maltose-binding (Strokopytov et al., 1995). The D domain 
is specifically present in CGTases, but its function is still 
unknown. E domain is also present in CGTase and other 
amylases (Table 6). E domain is associated with maltose-
binding as well as raw starch binding (Qi and 

Zimmermann, 2005). Maltotetraose forming amylase (EC 
3.2.1.60) has (/α)8 barrel containing A domain; domain B 
has five standard anti-parallel -sheets. At the molecular 
level, branching enzyme (EC 2.4.1.18) bears (/)8 barrel 
structure in their internal topology.  

 
Figure 2. A: Schematic representation of the molecular structure of amylase. Three distinct domains are shown with a different 
configuration. (β/)8 barrel structure is present in domain A. B: Topology of (β/)8 barrel. The positions of four conserved sequence (I–IV) 
are indicated with shaded boxes. 

Table 6: Different domains present in the enzymes of α-amylase family (van der Maarel et al., 2002). 

Common name EC. No. Domain Features of domain  

α- amylase 3.2.1.1 A, B, C The A domain contains (α/)8 barrel structure and catalytic site. 

The B domain (eight-stranded antiparallel -sandwich structure) is a short 
loop structure closely associated with (α/)8 barrel. It forms the wall of the 
catalytic cleft and few residues of substrate fit within the B domain during 
catalysis. Some times, Ca2+ can bind with B domain.  

The C domain is made by antiparallel  sandwich structure, folded in a 
Greek-key motif. 

Oligo-1,6-glucosidase  3.2.1.10  A, B Features are already given. 

Isoamylase   3.2.1.68 A, B, F, 7 The domain F (α/-barrel structure),  located at the N-terminal part of (α/)8 
barrel 

Pullulanase 3.2.1.41 A, B, H, G, 1 The domain G and H (both α/-barrel structure) located at the N-terminal 
part of (α/)8 barrel 

Neopullulanase  3.2.1.135  A, B, G Features already are given. 

Cyclodextrin 
glycosyltransferase  

2.4.1.19 A, B, C, D, E The  strand of D domain forms immunoglobulin-like fold and E domain 
has separate  strand motif and also has starch binding capacity. 

Branching enzyme 2.4.1.18 A, B, F Features already are given. 

Maltogenic -amylase. 3.2.1.133 A, B, C, D, E  Features already are given. 

Maltotetraose forming 
amylase 

3.2.1.60 A, B, C, E Features already are given. 

Isoamylase (EC 3.2.1.68) from Pseudomonas 
amyloderamosa contains 750 amino acid residues. Like 
other GH13 enzymes, it also contains (/)8 barrel fold, 
which is not fully completed. An extra domain is present at 
the N-terminal part of the enzyme. A long region between 
the third -strand and third -helix of (/)8 barrel form a 
globular cluster in association with the loop between the 
fourth -strand and fourth -helix of (/)8 structure. Ca2+ 
is also attached to the internal structure of the enzyme; 
however, the position of calcium is different from the -
amylase (EC 3.2.1.1) (Ray, 2011).  

Pullulanases are the important debranching enzyme. 
They have been classified into Type I pullulanase and 
Type II pullulanase, also known as amylopullulanases. 
Type I pullulanase exclusively hydrolyzes -1,6-
glycosidic bonds in pullulan and other branched 
oligosaccharides resulting in the formation of maltotriose 
and linear oligosaccharides. Amylopullulanases (Type II 
pullulanase) can cleave both -1,6-glycosidic and -1,4-
glycosidic linkages in branched and linear 
oligosaccharides (Bertoldo and Antranikian, 2002). Type I 
pullulanase belongs to GH13 while Type II pullulanase is 
distributed in GH13 and GH57 based on their structure and 
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catalytic residues (Nisha and Satyanarayana, 2013). All the 
pullulanases carry (/)8 barrel structure, the catalytic triad 
is composed of aspartate, glutamate, and aspartate residues 
at the 4, 5, and 7 strands, respectively. However, the 
amylopullulanases of the GH57 family contain (/)7 

barrel structure where catalytic residues glutamate and 
aspartate are situated in 4 and 7 strands, respectively. 
Moreover, it has five conserved sequences (Nisha and 
Satyanarayana, 2013; Xu et al., 2013). Previously, Zona et 
al. (2004) first reported that the families GH57 had five 
conserved sequence regions. GH119 also had five 
conserved sequence regions (Sarian et al., 2017). Mikami 
et al. (2006) reported that the crystal structures of the 
pullulanase of Klebsiella pneumoniae had five domains 
(N1, N2, N3, A, and C). N1 domain could bind with 
maltotriose, maltotetraose and one calcium ion also. The 
N1 and N2 domains were the exclusive features of 
pullulanases, while the other three domains (N3, A, and C) 
had some similarities with Pseudomonas isoamylase. 
Moreover, isoamylase and pullulanase are the debranching 
enzymes, but the substrate specificities are not similar due 
to their separate organization of domains and active site. 
Later, it was revealed that type I pullulanase from 
Anoxybacillus sp. LM18-11 consists of four domains (N1, 
N2, A, and C). The catalytic amino acids Asp413, Glu442, 
and Asp526 are arranged in domain A. The N1 domain is 
recognized as a carbohydrate-binding motif. Interestingly, 
four molecules of oligosaccharides were associated with 
the active configuration of pullulanase. In this concern, 
two molecules of oligosaccharides were present in domain 
A; another two molecules were located in the N1 domain 
and the loop between the third -strand and the third -
helix of domain A (Xu et al., 2013).   

Neopullulanase has a close similarity with maltogenic 
amylase (EC 3.2.1.133) and cyclomaltodextrinase (EC 
3.2.1.54) (Hondoh et al., 2003). Neopullulanase, 
cyclomaltodextrinase, and maltogenic amylase exclusively 
exhibit the fifth conserved sequence region (CSR V) 
(Janeček, 2002). Neopullulanases are closely associated 
with Type I pullulanase (Nisha and Satyanarayana, 2016). 
The Crystal structures of neopullulanase from Bacillus 
stearothermophilus TRS40 had revealed that the active 
enzyme forms a dimmer. The monomeric configuration 
possesses four domains (N, A, B, and C). Like other 
amylases, (/)8 barrel is present in domain A. However, 
Hondoh et al. (2003) reported that the -helix 5 and -
strand of the (/)8 barrel of A domain were incomplete in 
comparison to the ideal A domain structure. The active site 
of the neopullulanase lies between the domain of two 
monomers, located in between domain A and domain N of 
the other monomer. This type of arrangement makes 
active-site cleft narrower in comparison to -amylase and 
helps to exert hydrolytic activity for both -1,4 and -1,6-
glucosidic bonds (Hondoh et al., 2003). 

-amylase (EC 3.2.1.2) is organized in a single domain 
structure that contains a large (/α)8 barrel core, which is 
similar to -amylase. A small lobe made by three loops 
from the -strand adjacent to the  barrel with a long C-
terminal loop is also observed. Glucoamylase (EC 3.2.1.3) 
has three functional domains. The catalytic domain 
consists of (α/α)6 barrel structure; O-glycosylated linked 
domain comprises multiple O-glycosylated sites and two 
N-glycosylated sites; another domain is the starch binding 
domain. Besides these, other features of some amylases are 
presented in Table 7.  

Table 7: Structural and functional comparison of different amylases 

Parameters α-amylase CTGase Maltotetraose forming 
amylase 

-amylase Glucoamylase (-
amylase) 

E.C. number 3.2.1.1 

Endo-acting 

2.4.1.19 

Transglycosylation 

3.2.1.60  

Exo-acting 

3.2.1.2  

Exo-acting 

3.2.1.3  

Exo-acting 

Sources  Bacillus licheniformis 
(BLA) Aspergillus 
oryzae (TAKA 
amylase), 

Bacillus 
stearothermophilus 

Pseudomonas stutzeri Bacillus cereus Aspergillus awamori 

Amino acids 
residues 

512 (BLA) 

549 (TAKA amylase) 

680 429 516 471 

Active site In domain A at 
conserved sequence 
region II, III and IV. 

In domain A, another 
substrate binding site is 
present in domain D 

In domain A C-terminal end of -
barrel 

N-treminal end of α-
helix bundle 

Catalytic residues BLA: Asp231, 
Glu261, 

TAKA amylase 
Asp206, Glu230 

Asp225, Glu253, and 
Asp324 

Asp193, Glu219, and 
Asp294 

Glu172 and Glu367 Glu179 and Glu400 

Calcium ion 2/3 02 02 01 - 

Disulfide bond 01 

Cys30:38 

01 

Cys40:47 

02 Cys140:150, 216:251 Cys91:99 03 Cys210:213, 
266:270, 222:449 
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7. Conserved region and distribution pattern of 
catalytic residues in the amylases of GH13 and related 
families 

The enzymes of the -amylase family have four (I–IV) 
highly conserved sequence regions in their TIM barrel 
structure. Despite these four conserved regions, there are 
three additional conserved sequences in the enzymes of the 
-amylase family. The seven conserved sequence regions 
of different enzymes of the α-amylase family are given in 
Table 8. The four primary conserved sequence regions are 
present in the terminal end of β-strand 3, -strands 4, 5, 
and in the loop connecting -strand 7 to -helix 7 
(MacGregor et al., 2001; Janeček, 2002) (Fig. 2). These 
regions form the substrate-binding site and catalytic center 
(Kuriki and Imanaka, 1999). Asp residue of the second 
region and Glu residue of the third region acts as 
nucleophile and proton donors, respectively in -amylase 
and related enzymes. His residue of the first region and 

His and Asp residue of the fourth region helps to hold the 
substrate in the proper position (Prakash and Jaiswal, 
2010). The amino acids of the catalytic triad are always 
present in the conserved sequence region II, III, and IV, 
but their position number is different among the amylases. 
The conserved residues exhibit similar functional activity, 
also contribute to the substrate and calcium-binding 
capacity (Kumari et al., 2012). The additional three 
conserved sequence regions are present in the different 
enzymes (glycoside hydrolases, transferases, isomerases, 
and others) of clan H. Among the three regions, two 
regions (VI and VII) are located in the area of -strand 2 
and -strand 8 of the (/)8 scaffold. The third region (V) 
is present near the C-terminus of domain B at the 
connecting region of -strand 3 and -helix 3 in the 
vicinity of calcium-binding aspartate (Janeček, 2002). Qi 
and Zimmermann (2005) reported that CGTase had 51 
conserved amino acid residues that were distributed in the 
conserved sequence region of the α-amylase family.

Table 8: Four highly conserved sequence regions and amino acid residues of enzymes of amylase family.  

Enzymes Origin CSRI CSR II    
               * 

CSRIII  
      * 

CSR IV 
                   * 

α-Amylase Aspergillus oryzae 117DVVANH  202GLRIDTVKH 230EVLD 292FVENHD 

Cyclodextrin 

Glucosyl transferase  
(CGTase) 

Bacillus macerans; Bacillus 
circulans 251 

135DFAPNH  225GIRFDAVKH 258EWFL 324FIDNHD 

Isoamylase Pseudomonas amyloderamosa 292DVVYNH 371GFRFDLASV 435EPWA 505FIDVHD 

Branching enzyme Escherichia coli; Bacillus 
stearothermophilus 

335DWVPGH 401ALRVDAVAS 458EEST 521LPLSHD 

Pullulanase  Bacillus flaocaldarius KP 1228 600DGVFNH 671GWRLDVPNE 704EIWH 827LLGSHD 

Neopullulanase Bacillus stearothermophilus 242DAVFNH  324GWRLDVANE 357EIWH 419LLGSHD 

α -Glucosidase Saccharomyces carlsbergenesis 106DLVINH   210GFRIDTAGL 276EVAH 344YIENHD 

Oligo-1,6-glucosidase Bacillus cereus   98DLVVNH  195GFRMDVINF 255EMPG 324YWNNHD 

Numbering of the amino acid sequences starts from N-terminal. Highlighted parts are the conserved amino acids. * marked indicates the 
catalytic amino acids. 

The additional three conserved regions are not furnished in this table. Here, only the major regions involved in substrate binding and 
catalysis are presented. Actually, the region VI is located before the region I, region V is placed in between region I and II, and VII is 
present after region IV (for details see review Janeček, 2002). 

All the members of the GH13 family bear Glu as a 
proton donor and Asp as a nucleophile in their catalytic 
site (Table 1), but the respective position of the Glu and 
Asp differs according to their total number of amino acid 
residues (Table 7). Sarian et al. (2017) reported that an 
atypical α-amylase (BmaN1) from Bacillus megaterium 
NL3 contained only two invariant catalytic residues in 
place of three residues. The third residue of BmaN1 was 
histidine, which acts as the transition-state stabilizer 
instead of aspartate. Typically, this amylase produces 
glucose and maltose from soluble starch. However, most 
of the α-amylase gives maltooligomers and branched 
dextrins as enzyme-catalyzed end products. This specific 
α-amylase belongs to the group of α-amylases containing 
aspartate, glutamate, and histidine in their catalytic triad. 
After phylogenetic analysis, this group of α-amylases is 
branched into a separate subfamily under GH13 (Sarian et 
al., 2017). Alternatively, in family GH57, Asp acts as a 
proton donor, and Glu is a nucleophile. The three-

dimensional structure of 4-α-glucanotransferase of 
Thermococcus litoralis was determined first in the family 
GH57. Unlike the catalytic triad of the enzymes of the 
GH13 family, the members of GH57 carried two catalytic 
residues Glu and Asp in their active site as the nucleophile 
and the proton donor, respectively (Imamura et al., 2003). 
The In Silico study of Janeček and Kuchtová (2012) had 
revealed that -amylase from family GH119 showed the 
same catalytic residues Glu231 and Asp373 with GH57 
family as nucleophile and proton donor, respectively 
(Table 1). However, in family GH31, both proton donor 
and nucleophile is Asp (Table 1). Oligo-1,6-glucosidase 
(EC 3.2.1.10) bears (/)8 barrel fold in domain A. -
strands 4, 5, and 7 of (/)8 barrel contain nucleophile 
(Asp198), proton donor (Glu240), and transition state 
stabilizer (Asp316), respectively. Domain B involves in 
substrate recognition. Domain C consists of antiparallel -
sheet, forms a -sandwich structure. Ca2+ forms an 
octahedral coordination shell, linked with 3 Asp, Asn, and 
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Ile residues of domain A (Møller et al., 2012). However, 
Ca2+ independent structure was also reported by Watanabe 
et al. (1997).  

8. Strategies of catalysis of glycosidic bonds   

-Amylase randomly hydrolyzes -1,4 glycosidic 
linkages in polysaccharides containing three or more α-1,4 
linked D-glucose units. It cannot hydrolyze -1,6 linkages 
and always produce -anomeric products. The initial 
products are high molecular weight dextrins, as the 
reaction proceeds large amounts of maltose, maltotriose, 
and oligosaccharides (-limit dextrin) have appeared (Fig. 
3). The reaction shows a rapid loss of viscosity and blue 
loss property (loss of intensity of the blue color of the 
starch-iodine complex).  

α-Glucosidase (EC 3.2.1.20) is an exo-acting enzyme, 
hydrolyzes terminal non-reducing α-1,4 glucosidic linkage. 
The hydrolytic product is a single glucose molecule in -
configuration. However, glucoamylase gives the same type 
of reaction, but the product is in -configuration (Fig. 3). 
A recent report indicated that α-glucosidase can cleave not 
only the -1,4 linkage but also the -1,6-, -1,2-, and -
1,3-glucosidic linkages. Besides these, this enzyme has a 
transglycosylation activity (Mohanan and Satyanarayana 
2018). At the catalytic site, both proton donor and 
nucleophile is Asp. 

Debranching enzymes like oligo-1,6-glucosidase (EC 
3.2.1.10), isoamylase (EC 3.2.1.68), and pullulanase (EC 
3.2.1.41) attack only α-1,6 glucosidic linkages in an endo-
acting fashion. They produce a variety of products like 
maltooligosaccharides (G3, G4, G6) and maltose (Fig. 3). 
Another debranching enzyme, amylo-1,6-glucosidase (EC 
3.2.1.33) mainly found in the animal system; however, few 
bacterial species produce this enzyme. It is a bifunctional 
enzyme. It shows 4--glucanotransferase (EC 2.4.1.25) 
activity when the substrate is digested with phosphorylase 
(EC 2.4.1.1). Isoamylase acts on amylopectin and 
glycogen but bypasses pullulan. However, pullulanase can 
break amylopectin, pullulan, and a lesser extent of 
glycogen. In the industrial sector, pullulanase, in 
combination with -amylase is applied for the production 
of maltose.  

Maltohexaose forming amylase (EC 3.2.1.98), 
maltotetraose forming amylase (EC 3.2.1.60), maltotriose 
forming amylase (EC 3.2.1.116), and maltogenic amylase 
(EC 3.2.1.133) specifically produce different 
maltooligosaccharides and maltose (Fig. 3). All these 
enzymes are exo-acting, generating the products in -
configuration. Except maltogenic amylase (EC 3.2.1.133), 
the other three enzymes attack definite α-1,4 glucosidic 
linkages from the non-reducing end, produce 
maltohexaose, maltotetraose, and maltotriose, respectively. 
The maltogenic amylase (EC 3.2.1.133) cleaves α-1,4 
glucosidic linkages of the substrates containing only two 
glucose units at the non-reducing end; the end product 
appears as maltose.  

Cyclodextrin glycosyltransferase (CGTase) catalyzes 
different reactions: cyclization, coupling, and hydrolysis. 
These enzymes generate different types of cyclodextrins 
[(CDs) cyclomaltohexaose (-CD), cyclomaltoheptaose 
(-CD), and cyclomaltooctaose (-CD)] (Feng et al., 
2011), and few maltooligomers. The cyclization reaction 
produces CDs. In this reaction, the enzyme incises the -
1,4 glycosidic bond of the glucan chain at a distance of 6, 
7, or 8 oligosaccharide units from the non-reducing end.  
Later, the C-4 hydroxyl group of non-reducing glucose end 
of the existing glucan chain reacts with newly formed 
reducing end glucose to complete the cyclization reaction. 
A coupling reaction occurs in the presence of glucose and 
CDs, resulting in the formation of maltooligosaccharides. 
CGTase hydrolyzes -1,4 glycosidic bond and forms -1,4 
glycosidic bond in their reaction system. 

Neopullulanases (EC 3.2.1.135) is a specific class of 
enzyme, which hydrolyzes -1,4-glycosidic linkages of 
pullulan and releases a particular class of trisaccharides 
called panose, isopanose as well as isomaltose (Fig. 3). 
Neopullulanases can cleave -1,4- and -1,6-bonds of 
starch and related polysaccharides with poor efficacy. 
Several authors indicated that this enzyme is polyspecific, 
exhibits transglycosylation reaction, can hydrolyze 
cyclomalto-dextrins, starch, and pullulan (Park et al., 
2000).  

The branching enzyme (2.4.1.18) is a different class of 
enzymes responsible for starch synthesis and is abundantly 
present in plants. The branching enzyme forms -1,6 
glycosidic bonds by chopping and transferring the growing 
-glucan chains to the C-6 hydroxyl group of another 
glucan chain. Microbial sources of this enzyme are also 
available. Bacillus Sp., B. stearothermophilus, and 
Pseudomonas sp. can produce branching enzymes 
(Mohanan and Satyanarayana, 2018).  

Both plant and microbial -amylases are placed in the 
GH14 family.  It is an exo-acting enzyme, cleaves α-1-4 
glucosidic bond from the non-reducing end and 
successively releases maltose in -configuration as well as 
β-limit dextrin (Fig. 3). It cannot cleave -1,6 linkages. In 
comparison to the mechanism of action, -amylase 
exhibits inverting instead of retaining, in which the 
hydrolytic product is converted to -configuration from an 
-anomeric structure (Fig. 4). -Amylase is organized in a 
single domain structure; both proton donor and 
nucleophile activity are mediated by glutamate (Glu).   

Glucoamylase / -amylase / amyloglucosidase (EC 
3.2.1.3) was initially isolated from fungi after the 
identification of -amylase and -amylase in Japan. It is 
an exo-acting enzyme, hydrolyzes terminal α-1-4 
glucosidic linkages from the non-reducing end and also 
enables to hydrolyze α-1-6 bonds at a slower rate than 
cleavage of α-1-4 glucosidic linkages. The final product is 
exclusively -D-glucose (Fig 3). Thus this enzyme 
completely hydrolyzes starch to glucose. Unlike (/)8 
barrel structure of -amylase and -amylase, 
glucoamylase has an (/)6 structure. Both the proton 
donor and the nucleophile are Glu.
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Figure 3. The pattern of product formation from starch and partially hydrolyzed substrate by different types of amylases.  

9. Mechanism of catalytic activity  

The hydrolytic activity of amylases is mediated through 
the α-retaining double displacement mechanism (Fig 4) 
(van der Maarel et al., 2002). Four to ten glucose units of 
starch are fitted in the substrate-binding cleft. A particular 
subsite nomenclature is accepted for amylase activity. The 
nonreducing end of the substrate binds at the minus 
subsites; while, plus subsites hold the reducing end. The 
catalysis occurs in between +1 and 1 subsites (Fig 4a) 
(Davies et al., 1997). Two aspartic acids (Asp) and one 
glutamic acid (Glu) involve in catalytic activity. Glutamic 
acid acts as a proton donor and aspartic acid acts 
nucleophile. During the reaction, Glu donates the proton to 
the glucosidic oxygen of the starch substrate, while 

aspartate starts nucleophilic attack to the C1 of glucose at 
subsite -1. The proton donation and nucleophilic attack 
finally cleave the glycosidic bond (Fig 4b). Later, water 
involves in the reaction system, re-protonates the 
glutamate and hydroxyl group of water attached to the C1 
of the remaining substrate (Fig. 4b,c). The second 
aspartate residue plays an indirect role in catalysis by 
holding the substrate in the proper position (Uitdehaag et 
al., 1999). Agirre et al. (2019) reported that -amylase 
from Alicyelobacillus sp. can give the space to 
accommodate the branching point of starch. In the 
inverting reaction mechanism, the -configuration 
products are formed after the reaction, which is converted 
to -configuration (Fig 4c). 
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Figure 4: A: The pattern of subsite position, nomenclature, and presentation of a scissible bond. B: The -retaining mechanism of the 
catalytic reaction. C: The inverting reaction and formation of -anomeric product. 

10. Application of -amylase   

The journey of applications of amylases was started 
from the early days of the nineteenth century when the 
Russian chemist Kirchhoff first discovered a starch 
degrading enzyme in wheat in the year 1811. Later, Payen 
and Persoz (1833) isolated a catalytic substance ‘diastase’, 
which converted gelatinized starch into sugars in 
experimental conditions. Magendie (1846) showed the 
diastatic properties of blood and proposed that blood was 
able to split starch into dextrin and glucose. The 
commercialization and industrial use of amylase were 
started after the isolation of fungal α-amylase 
‘Takadiastase’ from Aspergillus oryzae by the Japanese 
scientist Jōkichi Takamine in 1894. In 1917, the French 
scientists, Boidin and Effront initiated the application of 
bacterial amylase (isolated from Bacillus subtilis) as a 
desizing agent. 

10.1. Starch liquefaction, saccharification, and 
applications of hydrolyzed products 

Starch is abundantly present in our environment. 
Different cereals like barley (50-60%), wheat (65-70%), 
sorghum (65-75%), rice (75-87%), corn (75-80%) contain 

large amount of starch. These ingredients are used in the 
starch processing industry for the production of different 
food ingredients, animal feed, biofuel, and therapeutic 
agents. Enzymatic hydrolysis of starch is a crucial part of 
the production of various commercially important products 
like glucose, fructose, high-fructose containing syrup 
(HFCS), maltose, maltooligosaccharides, dextrin, and 
cyclodextrins (Fig. 3). For this purpose, about 15%–20% 
of industrial enzymes are used in the starch industry. The 
endo- and exo- acting amylolytic enzymes (-amylase, 
pullulanase, glucoamylase, glucose isomerase, and others) 
are potentially used for hydrolysis of starch at the 
industrial scale. Corn starch is mostly used for hydrolysis 
due to its huge availability.  

Thermostable microbial -amylase is added in the 
starch slurry for the production of low-molecular-weight 
dextrins after hydrolysis. The dextrins (DP3-25) are used 
for further applications in the preparation of commercial 
products. Debranching enzymes [oligo-1,6-glucosidase 
(EC 3.2.1.10), isoamylase (EC 3.2.1.68), and pullulanase 
(EC 3.2.1.41)] cleave the dextrin to DP2-5 products. The 
saccharification process is a vital step for starch 
processing. For this purpose, different enzymes such as -
glucosidase, maltogenic enzyme, maltooligosaccharide 
forming enzymes, -amylase (microbial/plant), and -
amylase are applied for the production of glucose, 
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fructose, HFCS, maltose, maltotriose, maltotetraose, and 
others. Pullulanases are widely used in the starch 
industries for the process of saccharification and 
preparation of maltose, maltotriose, and other 
oligosaccharides. This enzyme decreases the application of 
glucoamylase up to 50% and also reduces the reaction 
time. The mixture of glucoamylase and pullulanase is 
commercially available in the brand name of OPTIMAX 
from Genencor. Application of acid-stable, calcium-
independent, thermostable amylopullulanase in the 
saccharification process makes reaction more convenient 
to produce different sugar syrups; this step is time-saving, 
and cost-effective (Nisha and Satyanarayana, 2013a, 
2014). The neopullulanase breaks starch, CDs, and 
maltooligosaccharides, synthesizes large amounts of 
maltose and little amounts of glucose (-anomer) during 
the reaction. 

10.1.1. Production of maltose and 
maltooligosaccharides and their potential applications  

Starch slurry is initially treated with the thermostable 
-amylase for liquefaction; then saccharification is done 
with isoamylase, pullulanase, and β-amylase. The final 
product is prepared after downstream processing. Food 
grade maltose has several applications in bakery and 
confectionery products, preparation of infant and geriatric 
foods. Maltose is also used as a sweetener, quality 
improver and the preparative of foods. Moreover, highly 
purified medical-grade maltose is provided in intravenous 
infusion as it prevents a sudden increase in glucose levels 
(Samanta, 2020a).  

Maltooligosaccharides have different gradations like 
maltotriose rich maltooligosaccharides, maltotetraose 
syrup (G4 syrup), and anomalously linked 
oligosaccharides mixture (Alo-mixture). Specifically, the 
maltotriose-rich maltooligosaccharides mixture contains 
glucose (2%), maltose (37.5%), maltotriose (46.5%), and 
other oligosaccharides (14.0%). The initial step of 
production is similar to maltose. β-amylase and 
pullulanase are used for the synthesis of the maltotriose-
rich maltooligosaccharides mixture (Maltooligomer Mix). 
Maltotetraose syrup (G4 Syrup) is formed when saccharifi-
cation is mediated by G4 amylase and isoamylase. 
Application β-amylase and fungal α-glucosidase at the 
saccharification level produces anomalously linked 
oligosaccharides mixture (Alo Mixture). 

Linear maltooligosaccharides contain 3-10 
monosaccharide units linked by -1,4 linkages. 
Maltooligosaccharides have several beneficial properties 
and are widely used in the food industry. They have 
several unique characteristics, including high solubility, 
less sweet than sucrose, low calorigenic, less hygroscopic, 
high moisture retention capacity, and anti-retrogradation 
activity (Mohanan and Satyanarayana, 2018; Samanta, 
2020a). Maltooligosaccharides are potentially used for the 
preparation of infant and geriatric foods, candies, ice 
creams, and beverages. In the bakery industry, 
maltooligosaccharides act as an antistaling agent as they 
interfere with starch–gluten interaction (Nagarajan et al., 
2006; Plácido Moore et al., 2005).  

Maltotriose-rich maltooligosaccharides mixture 
exhibits only 30% sweetness as compared to sucrose, low 
viscosity, low freezing point, less color formation than 

corn syrup, better hygroscopic properties. It is used as a 
sucrose substitution and maintains the hardness and texture 
of the frozen foods. At the commercial levels, this mixture 
is essential for the preparation of confectionery products 
(jams, jelly, cake, chewing gum, butter cream, custard 
cream), bakery products, frozen foods, canned coffee, 
cocoa, fruit drinks, and alcoholic beverages (Jana et al., 
2013; Samanta, 2014, 2020a).  

Enzymatic preparation of maltooligosaccharides is 
enormously increasing in the last few decades. Two 
government agencies [Foods for Specified Health Use 
(FOSHU) and Foods with Nutrient Function Claims 
(FNFC)] of Japan enlisted 223 items as functional 
components of foods; among them, 50% are 
oligosaccharides (Jana et al., 2013). Maltooligosaccharides 
are commercially available as Fuji Oligosyrups, a product 
of Nihon Shokuhin Kako Kogyo Kabushiki Kasha (Tokyo, 
Japan) (US9730464B2, US20130210764A1). G4 syrup 
contains about 50% maltotetraose, whereas Alo-mixture 
contains more glucose (40%) and isomaltose (17%). 
Properties of these two ingredients have some similarities 
with the maltotriose-rich maltooligosaccharides mixture, 
and the application fields are also similar. 
Maltooligosaccharides have health-beneficial effects. They 
are treated as a prebiotic agent and influence the growth of 
bifidobacteria in the colon and prevent dysbiosis. This 
property increases its value as bio preservatives and 
functional foods (Barreteau et al., 2006). 
Maltooligosaccharides are poorly absorbed; they are low 
calorigenic agents. These properties are beneficial to 
prevent diabetogenic effects, cardiovascular diseases, and 
obesity (Kayode et al., 2009).  

10.1.2. High fructose containing syrup (HFCS) 
preparation and uses 

Treatment of starch by thermostable -amylase 
followed by saccharification with the fungal glucoamylase 
and debranching enzyme produces glucose. The 
conversion of glucose to fructose is mediated by the action 
of glucose isomerase (xylose isomerase; EC 5.3.1.5), 
which converts glucose to fructose as a common product. 
This conversion is essential for HCFS production, but the 
enzyme does not belong to the amylase family (Bhosale 
et al., 1996). Recently, Mohanan and Satyanarayana 
(2018) had reported that every year, Japan produced 3 
million tons of starch from which more than 60% are 
utilized for glucose and high fructose-containing syrup 
(HFCS) preparation. Annually, Japan and the United 
States produce one million tons and 8 million tons of 
HCFS, respectively. HFCS is the useful ingredients for the 
preparation of beverages, dairy products, bakery and 
confectionery products, canned foods, and frozen candies. 

10.1.3. Applications amylases in the bakery industry 

Amylopectin in wheat flour acts as a staling agent due 
to its retrogradation activity. Applications of plant -
amylase and maltogenic amylase (EC 3.2.1.133) along 
with -amylase degrade the starch into dextrin as well as 
maltose, which improves the quality of bread by increasing 
loaf volume. Additionally, the application of 
amylopullulanase in dough hydrolyzes branched 
maltodextrins that decrease the stickyness of bread and 
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bakery foods, improves shelf-life, texture, crispiness, and 
loaf volume of the products. Moreover, the presence of 
maltooligosaccharides in bread acts as prebiotics for health 
benefits (Nisha and Satyanarayana, 2014).  

10.1.4. Production of cyclodextrin and its applications 

About 2000 tons of cyclodextrins are produced per year 
for industrial purposes. Cyclodextrins are prepared from 
gelatinized starch, which is made through boiling of starch 
in hydrated conditions.  This treatment irreversibly 
changes the intermolecular bonding structure of starch. 
The production of cyclodextrins is done by the use of 
cyclodextrin glycosyltransferase (CGTase) enzyme for the 
treatment of gelatinized starch. Cyclodextrins (CDs) are 
cyclic-oligosaccharides having 6-8 glucose units linked 
through the-1,4-glucosidic bond. Six, seven, and eight 
glucose units containing cyclodextrins are named as , , 
and  cyclodextrin, respectively. The types of cyclodextrin 
production depend on the nature of the enzyme from 
which it is isolated. Branched cyclodextrin contains 
maltose or glucose through -1,6-glucosidic linkage. In 
the industrial sectors, these types of cyclodextrins are 
made through a reverse reaction by using a thermostable 
pullulanase in the presence of high concentration of 
maltose and cyclodextrins. CDs and branched-cyclodextrin 
are mostly used in food, pharmaceutical, cosmetic, and 
plastic industries as emulsifiers. CDs have a hydrophobic 
cavity for their unique structure, which makes them unable 
to form inclusion complexes with different hydrophobic 
agents related to favor and taste enhancement. The 
hydrophobic volatile compounds from herbs and spices 
were packed with CDs. The formation of these inclusion 
complexes increases the solubility, stability, and 
bioavailability of hydrophobic components. Thus, CDs are 
applied as food additives. This conjugation retains the 
flavor of the foods and also acts as an antioxidant to 
preserve the foods and other commercial products (Qi and 
Zimmermann, 2005; Ray, 2011; Mohanan and 
Satyanarayana, 2018). Volatile flavoring agents were 
trapped within the hydrophobic cavity of CDs and mixed 
with different cooking spices. Administration of these 
conjugate spices in delicious preparation enhances the 
flavor and taste of served foods. 

10.1.5. Production of isomaltooligosaccharides, 
resistant starch, and their health benefits 

Break down of starch by -amylase followed by 
treatment of various enzymes like -glucosidase, oligo-
1,6-glucosidase (EC 3.2.1.10), isoamylase (EC 3.2.1.68), 
pullulanase (EC 3.2.1.41), and neopullulanase (EC 
3.2.1.135) produces maltooligosaccharides, 
isomaltooligosaccharides (IMO), panose, isopanose as 
well as resistant starch (RS) (Zhang et al., 2012; Møller et 
al., 2012; Li et al., 2017; del Moral et al., 2018). Recently, 
these ingredients are used as functional foods as well as 
dietary supplements for the preparation of therapeutic and 
healthy diet. IMO, panose and RS have prebiotic activity 
(Chen et al., 2010; Møller et al., 2012; Li et al., 2017). 
IMO is poorly absorbed in the human gut and reaches the 
colon. It influences the growth of bifidobacteria and 
lactobacillus (Goffin et al., 2011; Ketabi et al., 2011). 
IMO is metabolized by the human colonic microbiota due 

to the presence of oligo 1,6--glucosidase (EC 3.2.1.10) 
and -glucosidase (EC 3.2.120). Additionally, panose and 
isopanose also have bifidogenic activity. Thus, IMO and 
panose selectively stimulate the growth of beneficial 
bacteria; alternatively, they inhibit the growth of other 
harmful microbes that can synthesize amines and other 
toxicants. Thus, they maintain the health of the colon and 
prevent carcinogenic activity.  

Another important component is RS. Enzymatic 
treatment (name already is given) produces RS that is used 
as dietary supplements. The application of RS as a 
functional food ingredient improves several properties of 
foods like color, flavor, gel formation, viscosity texture, 
and moisture-retaining capacity (Sajilat et al., 2006; 
Simsek et al., 2012). RS is called high-amylose starches, 
which is being resistant to hydrolysis by intestinal -
amylase. This effect is beneficial to regulate blood glucose 
concentrations. Though RS is not digested in the small 
intestine, the colonic microbiota starts fermentation of RS, 
resulting in the production of high amounts of short-chain 
fatty acid (butyrates, acetate). Decrease of blood glucose 
levels and production of short-chain fatty acids are 
beneficial to control diabetes and obesity and consequently 
lowers the risk of cardiovascular diseases (Fuentes-
Zaragoza et al., 2010; Zhang et al., 2012). Moreover, 
short-chain fatty acids preserve colon health (Hii et al., 
2012). 

10.1.6. Applications of maltitol, trehalose 

Isoamylase is used for the preparation of glucose syrup, 
maltose, maltitol, trehalose, CDs, and RS from the starch 
substrate. Glucose and maltose are commonly used in the 
food and pharmaceutical industry. Maltitol is utilized as a 
sugar substitute in the production of non-calorigenic 
candies, chewing gum, and other confectionery products 
(Ray, 2011). Supplementation of trehalose in food 
enhances stability, controls humidity, and maintains the 
texture of the food (Olempska-Beer, 2007).  

10.2. Preparation of animal feed 

Animal feed is produced by using food grains like 
wheat, barley, maize, cassava, sorghum, rice hush, etc. 
Starch is the reserve food material in all types of food 
grains. In the cereals, starch has arranged in concentric 
layers. Application of un-boiled animal feed lowers the 
digestibility of the foods and decreases nutrition level. -
Amylases are applied for the preparation of animal feed, 
which partially cleaves the starch of the grains resulting in 
enhancement of quality improvement of feed as well as 
digestive capacity (de Souza and Magalhaes, 2010). Thus, 
pre-treatment of starchy material with amylases enhances 
the nutritional value of the feed. Isoamylase is also 
exploited for the preparation of animal feed. Resistant 
starch is present in cereal meal-based animal feed, which is 
partially digested in the gut of monogastric animals. 
Puspita et al. (2019) reported that isoamylase-treated 
cassava root meal starch can be used for poultry feed.  
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10.3. Application in desizing (Removal of starch sizer 
from textile)  

Starch paste is applied as a sizer agent in the textile 
industry during weaving. The starch sizer increases the 
softness of the strings and protects them from friction, 
cutting, and generation of static electricity. After making 
the cloth, starch has removed (desizing) from the cloth. 
There are different processes of desizing, including 
enzymatic treatment, oxidative breakdown, acid wash, and 
fermentative removal. Among these, enzymatic treatment 
is the best process concerning the quality and safety of the 
cloth as well as the prevention of the use of harmful 
chemicals. Application of thermostable -amylase in the 
desizing process eliminates the starch paste without 
affecting the fabric quality.  

10.4. Application in papermaking  

The application of starch paste during paper 
making protects the paper against mechanical damage and 
reduces the tendency of liquid absorption during drying. 
Removal of starch paste by α-amylase and pullulanase 
enhances the quality, texture, strength, smoothness, 
writing, and erasability capacity of the finished paper 
(Sundarram and Murthy, 2014). Pullulanase-treated high-
amylose containing starches are blended in adhesive 
products and used in the manufacturing of papermaking 
agents and corrugated boards (Jobling, 2004). 

10.5. Production of biofuel 

Biofuel is the best choice to control pollution levels. 
Starch is the initial ingredient of biofuel production due to 
its low cost and abundant availability. There are three main 
stages for the production of ethanol from starch. Stage 1: 
thermostable α-amylase mediated starch liquefaction 
(Pervez et al., 2014). This step reduces the viscosity of the 
starch slurry and increases dextrins and oligosaccharide 
contents.  Stage 2: saccharification of liquefied starch by 
-glucosidase, isoamylase, pullulanase, -amylase, and 
glucoamylase that produce simple sugars and smaller 
oligosaccharides for alcoholic fermentation. Stage 3: 
fermentable sugars are then fermented by yeast to produce 
ethanol (Mohiuddin et al., 2016; Saini et al., 2017). 

10.6. Application in detergent preparation  

Enzyme-based liquid detergent is environmentally safe. 
-Amylase along with protease, lipase, and cellulase are 
used in the preparation of enzyme-based high-quality 
detergent. Starch holds the dust particle on the surface of 
the cloth. Similarly, the residues of starchy food 
ingredients and some oily substances are present as a 
remnant over the used food-dishes. -Amylase and other 
enzymes degrade the starchy and oily substances to clean 
the content properly. Alkalophilic amylases having a broad 
range of temperature profile, chelator insensitivity, and 
oxidant resistant capacity are potentially used in detergent 
formulation (Kumari et al., 2012; Sundarram and Murthy, 
2014). 

10.7. Degradation of extracellular polymeric substances 
and inhibition of biofilm formation 

Biofilm is a syntrophic association that makes the 
adherence of microbial cells on the biotic and abiotic 
surfaces. About 80% of microbial pathogenesis is directly 
associated with the formation of biofilm (Donlan and 
Costerton, 2002; Lahiri et al., 2021b). Extracellular 
polymeric substances (EPS) are most important in the 
formation of biofilm. The biofilm contains proteins and 
nucleic acids; it stabilizes the microbial association and 
contributes nutrients to the sessile microbial communities 
(Lahiri et al. 2021c). EPS contains various types of 
cationic and anionic molecules, such as glycoproteins, 
glycolipids, and proteins that provide protection from 
invasion of the motile cells into the biofilm interior. 
(Nadell et al., 2015). Another important component of 
EPS is polysaccharides. EPS acts as a protective shield to 
prevent the penetration of antibiotics into the growing 
microbial cells. Collectively, biofilm contributes to 
generating resistance capacity against antimicrobial drugs 
that creates a crisis in the healthcare system (Jana et al., 
2017). Enzymes, particularly amylases (-amylase, -
amylase, glucoamylase, and -glucosidase) play important 
roles in the degradation of biofilm. The breakdown of 
carbohydrate residues in the biofilm weakens the 
association between microbes and the host surface. 
Amylases can be used as antimicrobial components to 
denature the biofilm and restriction of pathogenesis (Lahiri 
et al. 2021c).  

Several microbes like Candida. albicans, C. glabrata, 
Enterococcus faecalis, Streptococcus mutans, 
Veillonella dispar, and Fusobacterium nucleatum (Berger 
et al., 2018) are present in the oral cavity. Another 
important pathogen is S. aureus, causal agent of Skin 
infections, cellulitis, folliculitis, and others. -Amylase 
from Bacillus subtilis degrades the EPS and is effective 
against biofilm formation of S. aureus, P. aeruginosa, and 
V. cholerae (Kalpana et al., 2012). In vitro studies had 
revealed that -amylase blocks the biofilm formation of S. 
aureus and P. aeruginosa (Lahiri et al., 2021a). Bradford 
(2011) critically studied the role of amylase on biofilm 
formation by S. aureus and had reported that amylase 
reduced biofilm formation capacity up to 90%. Moreover, 
Watters et al. (2016) indicated that -amylase is the potent 
inhibitor of biofilm formation in drug resistance S. aureus. 
From these observations, it has been stated that amylases 
can potentially be used in the ointment, mouth gel, and 
digestive medicine. Application of amylases in these 
medicines may block the pathogenesis by exerting anti-
biofilm activity which will be helpful for the treatment of 
dermal infection, oral infection, and intestinal 
pathogenesis.  

10.8. Clinical applications 

α-Amylase from Aspergillus oryzae (diastase) is used 
for the preparation of digestive medicines, which are 
formulated in liquid (common composition -amylase 100 
mg; papain 50 mg/5ml) and capsule form. Many 
companies produce digestive medicines that are available 
in the market. Digestive medicines are commonly used for 
the treatment of indigestion, acute pancreatitis, and related 
diseases. A high level of serum α-amylase has been 
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observed in pancreatic fistula, acute stress, gastric 
aspiration, etc. (Yan and Wu, 2016). Ultrasensitive 
amylase biosensor has been developed for the detection of 
hyperamylasemia (Gibbs et al., 2015; Wang et al., 2015). 
This biosensor-mediated amylase detection tool can be 
used in the diagnostic field. 

10.9. Other applications 

-Amylase, -glucosidase, isoamylase, and pullulanase 
make the brewing process easier and cost-effective. These 
enzymes are applied for the production of low-calorie 
beer. These enzymes in association with pectinase and 
cellulase are used for making fruit juice and beverages. 
Commercially available amylase mixture is used for the 
treatment of starchy wastes containing effluent of starch-
based industry. This process is eco-friendly and 
economically viable as the technique is sometimes 
associated with microbial biomass or bio-fuel production.  

11. Conclusion  

All the carbohydrate-splitting enzymes have been 
classified in different glycosyl hydrolase families based on 
their sequences, molecular structure, catalytic activity, and 
product formation. Among the carbohydrate splitting 
enzymes, amylases (hydrolases and transglycosylases) 
have multipurpose applications in the industrial sectors 
ranging from the food industry to waste management. 
Applications of amylases for the production of food 
ingredients, garments, paper, detergent, biofuel, and others 
are the eco-friendly process. To achieve this process, 
several novel characteristics, including thermostability, 
catalytic efficacy, pH profile, oxidation resistance 
capacity, chelator insensitivity are the essential factors in 
the point of industrial uses. Elucidation of molecular 
structure, amino acid sequences, and catalytic strategies 
have made the new arena to improve these profiles through 
protein engineering techniques. Multinational companies 
(Novozymes, DuPont Danisco, AB enzymes, Genencor, 
Calzyme, and others) are also involved in the production 
of advanced quality amylases by establishing their 
Research and Development wings. Thus, the 
multidimensional research in protein structure and protein 
engineering, and biotechnological progression will open 
many avenues to achieve the high quality of amylases that 
will change the scenario of their applications in the near 
future and will be a forward step towards a clean world. 
Finally, in conclusion, applications of amylases in various 
industries (food, pharmaceutical, brewing, textile, 
detergent) and the clinical system will be beneficial in all 
aspects, including our health, socio-economic 
development, and environmental protection in the 
upcoming days.  
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Abstract 

The present work intends to investigate the potential of phytochemicals from less commonly used medicinal plants as 
possible candidates for Type 2 Diabetes (T2D) treatment using an in silico method. Plant ligands with T2D targets were 
studied using molecular docking techniques. The total binding energies of the targets and commonly used allopathic drugs 
were assessed and compared. The docking studies demonstrated very high binding energies between phytochemicals and 
diabetes targets as compared to the allopathic drugs. The presence of pharmacologically active components of the genus in 
the selected raw material of the plant species was also established. The study suggests that phytochemicals from the three 
species, Silybum marianum, Eriobotrya japonica, and Withania coagulans, can be effective therapeutic products for the 
treatment of T2D, calling for focused research on pharmacological investigations and product formulation. 
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1. Introduction 

Diabetes mellitus is a metabolic disorder where either 
the pancreas is unable to produce enough insulin (Type 1 
diabetes) or is unable to utilize the insulin produced (Type 
2 diabetes or NIDMM-Non-insulin dependent diabetes 
mellitus), or both. It can also occur during pregnancy 
(Gestational diabetes). Type 2 diabetes (T2D) is the most 
common of the three types (American Diabetes 
Association, 2009). Diabetes aggravates the chances of 
cardiovascular, neurological, and immunological failures 
and is known to affect around 463 million people 
worldwide (Saeedi et al., 2019). Different treatments for 
diabetes have been prescribed in Ayurveda, Unani, 
Allopathy, Homeopathy, etc. Sulfonylureas, GLP-1 
agonists, DPP4 inhibitors, PPAR-gamma agonists, 
GPR119 agonists, bariatric surgeries, and therapies like 
SGLT2 are all common medications available in today's 
allopathic medicine and surgery system (Kaladhar et al., 
2012). They do, however, have drawbacks, such as limited 
efficacy with hyperglycemic individuals and potential 
adverse effects such as low blood sugar, liver, kidney, and 
other organ damage (Feingold, 2020). Plant-based 
medications are highly suggested for diabetes therapy in 
this scenario (Al Jamal, 2009). The use of many plants for 
the treatment of diabetes is mentioned in Ayurveda (one of 
the oldest therapeutic sciences) (Pandey et al., 2013). 
Despite the fact that more than 400 plants have been found 
to have anti-hyperglycemic properties, only a few are 
consistently used in the production of herbal drugs (Verma 
et al., 2018). As a result, there is a need to investigate 

different medicinal plants for the production of herbal 
drugs. 

In bioinformatics, molecular docking has been useful in 
predicting the orientation of targets and ligands to create a 
stable complex, which is then used for drug discovery and 
drug designing (Ahmad et al., 2016). The efficacy of a 
therapeutic molecule is anticipated in these studies based 
on the interaction and ‘best-fit' between a ligand and the 
target (Abuhamdah et al., 2020). The aim of this study was 
to apply these methodologies to forecast the anti-diabetic 
potential of less widely used medicinal plants for the 
treatment of T2D and to compare their efficacy to that of 
commonly used allopathic diabetes medicines. 

2. Materials and Methods 

2.1. Survey of Literature  

An extensive literature survey was done to identify 
plants with anti-diabetic properties but rarely used in 
diabetes treatment. Following that, a list of potential plants 
was compiled by studying the ingredients of commercially 
available ayurvedic formulations. Simultaneously, a study 
was conducted on the various types of allopathic drugs 
used to treat diabetes (Gandhi et al., 2017; Narhe et al., 
2018). 

2.2. Ligand and Target Preparation 

For docking experiments, the active components of 
chosen plants with anti-diabetic potential were employed 
as ligands. Commonly used allopathic drugs served as a 
control ligands. Docking was performed on 20 probable 
T2D targets. The Protein Data Bank (PDB) file format of 
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selected ligands and targets was acquired from the 
Research Collaboratory for Structural Bioinformatics PDB 
(https://www.rcsb.org/) (Natarajan et al., 2015) and 
canonical or isomeric smiles from Pubchem database 
(https://pubchem.ncbi.nlm.nih.gov/) (Ahmad et al., 2016) 
(later converted into PDB format) 
(https://cactus.nci.nih.gov/translate/) (Renuka and Berla 
2013). 

2.3. Molecular Docking 

For molecular docking, the iGemdock software was 
employed. All of the targets were docked with each ligand. 
Default settings such as population size of 200, generation 
size of 70, and number of solutions 2 were used to predict 
docking locations. The interaction of ligands and targets 
was investigated. 

2.4. Thin layer chromatography (TLC) analysis 

To identify the active components in the plant extracts, 
TLC was used with a variety of aqueous media and solvent 
solutions. 

2.4.1. Sample and Solvent preparation 

2.4.1.1. Silymarin from Silybum marianum (S. marianum) 

The starting material was defatted S. marianum seeds 
obtained from Sorich Organics (New Delhi, India) (Figure 
1a), from which two samples were made. Seeds were 
weighed, macerated, and dissolved in 70 % ethanol (v/v) 
in a 1:3 (w/v) ratio for the first sample, which was stored 
at room temperature for 24 hours. 70 % ethanol (v/v) was 
added to this extract (1:10 v/v). After repeating the process 
four times, 1 ml of the extract was collected and kept for 
future use (Natarajan et al., 2015). For the second sample, 
the crushed seeds were treated in 100% methanol. The 
solution was incubated at room temperature for 24 hours 
before being processed in the same way as sample 1. 

The solvent systems used were chloroform: acetone: 
formic acid (75:16.5:8.5), ethyl acetate: n-hexane (40:60), 
benzene: ethyl acetate (70:30), methanol: water (9:1) and 
100% methanol (Suha and Khadeem, 2007; Abouzid, 
2012). 

2.4.1.2. Ursolic Acid from Eriobotrya japonica (E. 
japonica) 

E. japonica leaves were collected from the mother 
plant growing at Laxman Chowk (Dehradun, Uttarakhand, 
India) (Figure 1b), oven-dried (40°C for 24 hours), crushed 
and used as an extracting material for two samples. The 
first sample was prepared by dissolving extracted material 
in 100% methanol (1:1 ratio w/v) and incubating it at room 
temperature for 24 hours with intermittent shaking (Khatik 
et al., 2019). Crushed leaves were dissolved in 100% 
ethanol (1:5 w/v) and kept at room temperature for 24 
hours with intermittent shaking for the second sample 
(Delfanian et al., 2016). The samples were evaporated in a 
water bath at 64°C for methanol and 78°C for ethanol until 
thick concentrated samples were obtained. Toluene: ethyl 
acetate: formic acid (8:2:0.1), acetonitrile: water (3:2) and 
butanol: acetic acid: water (4:1:5) were utilized as mobile 
phases (Gupta et al., 2011). 

2.4.1.3. Withanolide A and Withaniferin A from Withania 
coagulans (W. coagulans) 

Seeds of W. coagulans were procured from a local 
Ayurvedic medicinal store in Dehradun, Uttarakhand, 

India (Figure 1c). Seeds were dried, crushed, dissolved in 
100% methanol (1:4 ratio w/v) and kept at room 
temperature for 24 hours with intermittent shaking for 
sample preparation (Peerzade et al., 2018). The solution 
was evaporated at 64°C in a water bath until a 
concentrated solution was obtained. For the second 
sample, 15-20 seeds of W. coagulans were soaked in 50 ml 
water. The solution was incubated at room temperature for 
24 hours before being evaporated in a water bath at 100°C 
until a concentrated solution of 1ml was produced.  

The solvent systems used were butanol: water: acetic 
acid (7:1:2), toluene: ethyl acetate: formic acid (5:5:1), 
chloroform: methanol (9:1) and benzene: ethyl acetate 
(2:1) (Sudhanshu et al., 2012, Preethi and Senthil, 2014; 
Poorani, 2014;). 

2.4.2. Solvent application, development of chromatogram 
and visualization 

The chromatographic analysis was performed on a heat 
activated aluminium, precoated silica gel 60 F254 TLC 
plate (E. Merck) of uniform thickness (0.2mm). A 100 µl 
syringe was used and a 10 µl sample was loaded. The 
component separation was carried out at room temperature 
in a twin trough glass chamber (20 x 10 cm) filled with 20 
ml of the solvent system. The TLC plates were then 
visualized at 256 nm and 366 nm and the Rf value was 
evaluated. 

 

3. Results 

The aim of this research was to find medicinal herbs 
that have excellent anti-diabetic properties but are 
underutilized in commercial pharmaceutical compositions. 
Besides the existing literature, the Ayurvedic medicines 
available in Indian marketplaces for diabetes management 
were investigated. Diabecon Tablets 60, Diabecon (DS) 
Tablets 60, Dabur Madhu Rakshak Tablets, and Dabur 
Vasant Kusumakar Ras Tablets, Dia-beta plus 60 veggi 
capsules, are a few examples. Based on above findings, 
eight plants were identified with strong anti-diabetic 
properties. Chemically active ingredients of these plants 
were also identified to be used as ligands for docking 
studies (Table 1). The 20 powerful targets were chosen 
based on their functions in the human body (Table 2). A 
total of 400 ligand-target combinations were examined. 
The efficiency of medicinal plant ligands for diabetes 
treatment was also compared to commercially accessible 
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and commonly used allopathic drugs. Control ligands 
Metformin, Glimepiride, Pioglitazone, and Gliclazide were 
used docked with 20 potential targets, making a total of 80 
combinations of control treatments. 

Table 1. Medicinal plants with antidiabetic potential and their 
active components. 

S.N Scientific name Active component 

1. 
Commiphora wightii (Sarup et al., 
2015) 

E-guggulsterone 
Guggulsterol2 
Guggulsterol3 
Guggulsterol4 
Guggulsterone 

Z- guggulsterone 

2. 
Swertia chirayita (Kumar and 
Staden, 2016) 

Mangiferin 
Swerchirin 
Amarogentin  

3. 
Withania coagulans (Maurya, 
2010) 

Coagulin C 
Coagulin L 
Withanferin A 
17 β Withanolide K 

4. 
Eriobotrya japonica (Liu et al., 
2016; Zhou et al., 2007) 

Ursolic Acid 
Triterpenoid 

5. 
Berberis vulgaris (Rahimi-
Madiseh et al., 2017) 

Berberine 

6. 
Silybum marianum (Kazazis et al., 
2014) 

Silymarin 

7. 
Myrica esculenta (Sood and Shri et 
al., 2018) 

Myricetin 
Quercetin 

8. 
Tinospora cordifolia (Saha and 
Ghosh. 2012) 

Tinosporin 
Quercetin 
Berberine 

Table 2.  Protein targets and their role in Type 2 Diabetes (T2D) 
regulation. 

S.N. Target name Role  

1. T-cell protein tyrosine 
phosphatase (TCPTP ) 
(Dodd et al., 2019) 

Regulates insulin receptor 
signalling and gluconeogenesis 
in the liver. 

2. PTP1B (Kumar and Staden, 
2016; Dodd et al., 2019; 
Thareja et al., 2012) 

Dephosphorylates the insulin 
receptor in liver and muscle to 
regulate glucose homeostasis. 

3. α amylase (Kumar et al., 
2016) 

Responsible for postprandial 
glucose levels 

4. α galactosidase Increases blood glucose levels. 

5. 11β-Hydroxysteroid-
dehydrogenase type 1( 
Kumar and Staden, 2016) 

Inhibition of this helps in 
reducing tissue-specific 
gluconeogenesis and fatty acid 
metabolism. 

6. Aldose Reductase (Natarajan 
et al., 2015; Oates, 2008) 

Catalyzes the reduction of 
glucose to sorbitol in the polyol 
pathway. 

7. Fructose 1 6 biphosphatase 

(Poelje et al., 2006) 
Fructose 1,6-bisphosphatase 
 (FBPase) is a key enzyme in 
gluconeogenesis. It is a potential 
drug target in the treatment of 
type II diabetes 

8. AMPK subunit beta-1 
(Zhang et al., 2009) 

Maintains glucose homeostasis 

9. α 2 subunit  Helps in proper β-cell Ca2+  
influx through multiple HVCC 
isoforms. Its absence lowers 
insulin secretion and results in 
impaired glucose tolerance. 

10. Sodium glucose 
cotransporter inhibitor 
(Kumar and Staden, 2016) 

 Helps kidneys in lowering blood 
glucose levels. 

11. Glycogen synthase kinase 3 
(Natarajan et al., 2015; Ring  
et al., 2003) 

Regulates glycogen synthesis 

12. Gpr40 (Kumar and Staden, 
2016) 

It is highly expressed in 
pancreatic β cells and is involved 
in insulin secretion. 

13. Sulfonyl ureas (Del Prato 
and Pulizzi, 2006) 

Stimulates insulin secretion from 
pancreatic β cells 

14. Glucokinase (Natarajan et 
al., 2015; Ferre et al., 2003) 

Functions as a glucose sensor in 
the β cells by controlling the rate 
of glucose entry into the 
glycolytic pathway 

15. PPAR-γ (Natarajan et al., 
2015; Kumar and Staden, 
2016) 

Regulates insulin sensitivity. 

16. Glucagon-like peptide 1 (Glp 
1) (Kumar and Staden, 2016)

Stimulates insulin secretion and 
inhibits glucagon secretion. 

17. Cytochrome P450 (Eid et al., 
2009) 

Increases the drug response in 
different disease 

18. DGAT0 1 (Kumar and 
Staden, 2016) 

Catalyzes triglycerides synthesis 

19. Pyruvate dehydrogenase 
kinase isoform 2 (Lee, 2014) 

Helps in glucose disposal 

20. 17β-Hydroxysteroid-
dehydrogenase type 1 
(Kumar and Staden, 2016) 

Activates functionally inert 
glucocorticoid precursors 
(cortisone) to active 
glucocorticoids (cortisol) within 
insulin target tissues, such as 
adipose tissue, thereby regulating 
local glucocorticoid action. 
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3.1. Docking results  

The aim of molecular docking is to achieve an optimal 
orientation and conformation of the ligand-receptor 
binding complex, demonstrated by less free energy of the 
binding. The energy levels obtained from the plant ligand-
target combinations and allopathic medicine ligand-target 
combinations showed better docking results between 
plants’ active ingredients and the targets as compared to 
the docking combination of allopathic medicines with their 
specific targets. Out of the different combinations, good 
energy levels were obtained with chemical constituents of 
S. marianum, E. japonica, and W. coagulans with targets 
Ptp1b and 11 Beta HSD1 (Table 3, Figure 2). 

Table 3. Docking results of active components of Silybum 
marianum, Eriobotrya japonica and Withania coagulans with 
various targets of Type 2 Diabetes.  

S.N. Target- ligand 
Plant used for 
extraction 

Total energy of 
binding 
(kcal/mol) 

1 ptp1b-silymarin  S.marianum -323.716   

2 ptp1b-coagulinL W.coagulans -301.848  

3 ptp1b-triterpenoid E.japonica -285.77  

4 ptp1b-coagulinC W.coagulans -284.116 

5 ptp1b-ursolicacid E.japonica -262.094  

6 ptp1b-withanolide A W.coagulans -251.823  

7 DGAT1-triterpenoid E.japonica -151.823 

8 
11 beta HSD1-
silymarin  

S.marianum -150.736  

9 
17beta HSD1-
silymarin  

S.marianum -139.748  

 
For target PPARγ, the best results were obtained with 

Coagulin L from W. coagulans. The total binding energy 
was observed at-115.16 kcal/mol, which is comparatively 
higher than the energy observed with other plant ligands, 
Silymarin (-103.886 kcal/mol), Ursolic acid (-106.6196 
kcal/mol), all of which were much higher than the binding 
energy of Pioglitazone (-93.79 kcal/mol) with the target 
(Figure 3). For Cytochrome P450, the best docking results 
were observed with withanolide A (active component of 
W. coagulans) showing binding energy of-120.897 
kcal/mol, which was higher than that obtained with 
allopathic medicines, gliclazide and glimepiride (-97.93 
kcal/mol and-100.9 kcal/mol, respectively) (Figure 4). For 
target AMPK subunit beta-1, the best results were obtained 
with silymarin (S. marianum), the total binding energy 
being-113.586 kcal/mol, higher than the energy observed 
with commonly used metformin (-52.7833 kcal/mol) 
(Figure 5). 

Docking studies revealed that S. marianum (common 
name: Milk Thistle), E. japonica (common name: Loquat), 
and W. coagulans (common name: Indian rennet) have 

chemical components with substantially strong anti-
diabetic potential. 
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Figure 5. Comparison of binding total energies of allopathic 
medicine Metformin and other plant ligands with AMPK subunit 
beta-1. 

3.2. Thin layer chromatography (TLC analysis) 

Silymarin from S. marianum, ursolic acid from E. 
japonica, withaniferin A and withanolide A from W. 
coagulans were the four active components identified 
based on their binding energies. TLC in different solvent 
systems was used to confirm their existence in the readily 
accessible plant source material. 

3.2.1. Silymarin  

Identification was done on the basis of the standard Rf 
value, 0.57 in the various solvent systems (Suha and 
Khadeem, 2007). Of the different combinations tried, the 
best results were obtained in the ethanolic and 100% 
methanolic extracts in the benzene: ethyl acetate (70:30) 
solvent system (Table 4). The ethanolic extract had a dark 
wide band while a narrow band was observed in the 100% 
methanolic extract with an Rf value of silymarin, 
confirming that the seeds contain silymarin (Figure 6). 

 

Table 4: TLC observations of Silymarin in benzene: ethyl acetate 
(70:30) solvent system. 

3.2.2. Ursolic Acid 

On the basis of a standard Rf value of 0.42, the 
presence of ursolic acid in the leaf extract of E. japonica 
was confirmed (Naumoska et al., 2013). The best results 
were obtained using the solvent system toluene: ethyl 
acetate: formic acid (8:2:0.1) (Table 5). At the standard Rf 
value, a green colour band was detected in the 100% 
methanolic extract (Figure 7). 

Table 5: TLC observation of Ursolic Acid in toluene: ethyl 
acetate: 0.1% formic acid (8:2:0.1) solvent system. 

 
3.2.3. Withanolide A and Withaniferin A  

Standard Rf values of 0.932 and 0.81 in different 
solvent systems were used to determine the presence of 
withanolide A and withaniferin A in the seed extract 
(Peerzade et al., 2018). Of the different combinations tried, 
the best results were obtained in the Butanol: Water: 
Acetic acid (7:1:2) solvent system (Table 6). As per the Rf 
value of withanolide A and withaniferin A, bands were 
observed in the 100% methanolic extract (Figure 8). 

 
 

100% Methanol Ethanol Ethyl acetate 

Distance 
moved (cms)

Rf 
Distance 

moved (cms)
Rf 

Distance 
moved 
(cms) 

Rf 

6.3 0.41 3.5 0.23 5.7 0.37 

6.8 0.45 5.8 0.38 7.0 0.46 

7.2 0.47 6.8 0.45 7.3 0.48 

8.7 0.57 7.2 0.47 7.5 0.49 

10 0.66 8.7 0.57   

  11.8 0.78   

100% Methanol Ethanol Ethyl acetate Chloroform 

Distance 
moved 
(cms)  

Distance 
moved 
(cms) 

Distance 
moved 
(cms)  

Distance 
moved 
(cms)  

4.3 0.29 5.4 0.36 4.6 0.31 4.6 0.61 

5.1 0.34 6 0.4 7.9 0.53   

5.8 0.39 6.7 0.45 8.1 0.54   

6 0.40 12.1 0.80 12.1 0.80   

6.3 0.42       
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Table 6. TLC observations of Withanolide A and Withaniferin A 
in butanol: water: acetic (7:1:2) solvent system. 

4. Discussion 

In our study, molecular docking studies were 
performed on plants that have been reported to be known 
in the traditional systems of medicine for diabetes 
treatment (Modak et al., 2007; Mondal et al., 2012). 
iGemdock is a graphical-automatic drug design system for 
docking, virtual screening, and identifying 
pharmacological interactions between ligand molecules 
and receptors (Kaladhar et al., 2012; Dar and Mir, 2017). 
In this study on molecular docking, three plants S. 
marianum, E. japonica, and W. coagulans outperformed 
other plants and commonly used allopathic drugs such as 
metformin, glimepiride, pioglitazone, and gliclazide. 
Metformin is reported to have a strong affinity for AMPK 
receptors (Leclerc et al., 2004; Leverve et al., 2003). Out 
of the different ligands tested, including metformin, the 
best docking results were observed between the AMPK 
subunit beta1 receptor and the silymarin ligand. The 
contributing bonds between target and ligand were 
hydrogen bonds with a -25.1233 kcal/mol and vander 
waals bonds with a –88.66 kcal/mol contribution to the 
total binding energy level. The major amino acids involved 
in this binding were arginine at 63, 138 and 171, serine at 
173, leucine at 170, methionine at 163 and asparagine at 
162. In the present investigation, Withanolide A was found 
to be a better ligand than allopathic drugs gliclazide and 
glimepiride, since it had the highest total binding energy 
with cytochrome P450. Hydrogen bonds (contribution-
21.117 kcal/mol) and vander waals bonds (contribution-
99.78 kcal/mol) were the most prominent bonds during this 
binding. The amino acids lysine (391), phenylalanine 
(393), glycine (396), and asparagine (395) contributed to 
this binding.  

Similarly, thiazolidinediones are reported to be highly 
effective ligands for PPARγ receptors (Wilson et al., 
1996). According to this study, Coagulin L from W. 
coagulans is more successful as a ligand in binding to the 
target than Pioglitazone, a thiazolidinedione. The major 
contributors to binding between Coagulin L and the 
PPARγ receptor were hydrogen bonds and vander waals 
bonds. Hydrogen bonds contributed- 104.77 kcal/mol 
energy whereas vander waals bonds contributed-10.39 
kcal/mol energy to the total binding energy level, which is-
115.16 kcal/mol. The amino acids that took part in the 
binding were serine at 370, phenylalanine at 315, 
isoleucine at 369, arginine at 316 and glutamic acid at 371. 

Our results are in consonance with prior research that 
found active compounds in the selected plants to be 
promising candidates for diabetic treatment. Silymarin 
(from S. marianum) has been reported to be a complex of 7 
active molecules that can be utilized for various 
therapeutic targets of T2D (Gupta et al., 2011; Ahmad et 
al., 2019). Wu et al., 2015 reported that ursolic acid and its 
triterpene analogues could be a potential ligand for treating 
T2D because of its high binding energy levels with the 
targets. Likewise, anti-diabetic properties have been 
reported for W. coagulans constituents (Guzman et al., 
2018; Subburaya et al., 2020).  

A chromatographic analysis of readily accessible raw 
materials of target plants was also performed as part of our 
research to establish the presence of active compounds. 
Solvents such as chloroform: acetone: formic acid 
(75:16.5:8.5) (Abouzid et al., 2012), ethyl acetate: n-
hexane (40:60), benzene: ethyl acetate (70:30) (Suha and 
Khadeem, 2007), methanol: water (9:1), and 100% 
methanol were previously used to detect silymarin in S. 
marianum. Ursolic acid in E. japonica leaves has been 
determined using toluene: ethyl acetate: formic acid 
(8:2:0.1) (Gupta et al., 2011), acetonitrile: water (3:2) and 
butanol: acetic acid: water (4:1:5) (Khatik et al., 2019). 
For withanolide A and withaniferin A in W.coagulans, 
different reports have suggested the use of solvent systems 
including benzene: ethyl acetate (2:1) (Sudhanshu et al., 
2012), toluene: ethyl acetate: formic acid (5:5:1) (Preethi 
et al., 2014), chloroform: methanol (9:1) (Poorani, 2014) 

and butanol: acetic acid (7:1:2) (Peerzade et al., 2018). 
Our results confirm prior research that identified 

silymarin, ursolic acid, withanolide A and withaniferin A 
in the plant raw material. 

5. Conclusion 

Diabetes mellitus is a rapidly spreading threat to public 
health, healthcare, and the economy. Long-term use of 
allopathic drugs has been linked to debilitating side effects 
as well as potentially significant metabolic diseases. As a 
result, there is a growing demand for herbal remedies for 
diabetes therapy, which has resulted in overexploitation of 
several medicinal plants. There is a need to explore 
different phytochemical–target protein interactions to 
facilitate judicious drug development. Docking is a simple 
and effective method for predicting a phytochemical's 
efficiency by modelling plant ligand and protein receptor 
interaction. According to the findings of this study, 
Silymarin, Ursolic acid, Withanolide A, and Withaniferin 
A are prospective medication candidates that might be 
employed to build a successful therapeutic product. 

100% Methanol Acetone 

Distance moved (cms) Rf Distance moved (cms) Rf 

3.6 0.24 2.5 0.16 

4.5 0.25 3.7 0.24 

6.4 0.42 4.6 0.30 

7.7 0.50 6.4 0.42 

9.2 0.60 7.8 0.51 

12.4 0.81 9.2 0.60 

14.3 0.93 11.3 0.74 

  14 0.91 
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Furthermore, TLC research has revealed that these 
compounds are present in commonly available plant 
materials. More concentrated efforts on these plants should 
be made for extensive phytochemical characterization, 
genotype-based active ingredient analysis, and subsequent 
herbal medicine development. 
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  ترسل البحوث الى العنوان التالي: 

  ردنية للعلوم الحياتية لأرئيس تحرير المجلة ا

  الجامعة الهاشمية 

  الأردن , 13115 , الزرقاء ,  , 330127ص.ب 

      0096253903333هاتف: 

E-mail: jjbs@hu.edu.jo, Website: www.jjbs.hu.edu.jo 

 

http://jjbs.hu.edu.jo/
http://jjbs.hu.edu.jo/


محكمة عالميةمجلة علمية    

 المجلة الأردنية  
 للعلوم الحياتية

 

http://jjbs.hu.edu.jo/ 

 تصدر بدعم من صندوق دعم البحث العلمي و الابتكار

 المملكة الأردنية الهاشمية
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