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Abstract

Exopolysaccharides (EPS) are the large molecular weight carbohydrate polymers extracted from higher plants,
algae, fungi and bacteria. The thermophilic Bacillus zhangzhounesis 2CA and Bacillus licheniformis 2CS used in the
present study were isolated from Cermik hot springs. The growth conditions of the strains designated as 2CA and 2CS in
different basal media (M1, M2 and M3), different carbon sources and different concentrations of yeast extract (%ow v1:
0.05, 0.1, 0.15 and 0.2) and the amount of EPS produced were investigated. In addition, the phenol-sulfuric acid method
and the Lowry method were used to determine the amount of carbohydrates and proteins within the EPS produced by the
bacteria, respectively. The highest total EPS dry weight for B. licheniformis 2CS was obtained as 121 mg in M3 medium
(0.2% yeast extract + 1% sucrose), carbohydrate content in EPS was 333.28 pg mL* and protein content was 0.19 pg
mL"1. When these two bacteria were compared in terms of the amount of carbohydrates in the EPS produced, the highest
amount of carbohydrates was found in EPS of B. zhangzhounesis 2CA (1087.03 ug mL™). The antibacterial effects of
EPS were investigated against pathogenic microorganisms (E. coli, S. aureus, K. pneumoniae and P. aeruginosa). It was
determined that the highest antibacterial activity against E. coli (with 16 mm zone diameter) was obtained with EPS
produced by B. licheniformis 2CS bacteria in M3 medium (0.2% yeast extract + 1% sucrose).

Keywords: Antibacterial effect, exopolysaccharide production, thermophilic bacteria.

Termofilik Bakterilerden Ekzopolisakkarit Uretimi ve Optimizasyonu

Oz

Ekzopolisakkaritler (EPS), daha yiiksek bitkilerden, alglerden, mantarlardan ve bakterilerden ekstrakte edilen biiyiik
molekiiler agirlikli karbonhidrat polimerleridir. Bu ¢alismada kullanilan termofilik Bacillus zhangzhounesis 2CA ve
Bacillus licheniformis 2CS, Cermik kaplicalarindan izole edilmistir. Farkli bazal besiyerlerinde (M1, M2 ve M3), farkli
karbon kaynaklarinda (glikoz ve siikroz) ve farkli konsantrasyonlarda maya oziitii (%w v*: 0.05,0.1, 0.15 ve 0.2) eklenen
besiyerinde 2CA ve 2CS olarak isimlendirilen bakteri suslariin ¢ogalma sartlar1 ve tiretilen EPS miktar1 aragtirilmstir.
Ayrica, fenol-siilfiirik asit yontemi ve Lowry yontemi, bakterilerin iirettigi EPS'deki karbonhidrat miktarini ve protein
miktarini belirlemek i¢in sirasiyla kullanildi. B. licheniformis 2CS igin en iyi toplam EPS kuru agirligi, M3 ortaminda
(%0.2 maya 6ziitii + %1 siikroz) 121 mg, EPS'deki karbonhidrat miktar1 333.28 pug mL, protein miktar1 ise 0.19 ug mL°
! olarak elde edildi. Bu iki bakteri iiretilen EPS'deki karbonhidrat miktar1 bakimindan karsilastirildiginda, en yiiksek
karbonhidrat miktarinin B. zhangzhounesis 2CA'daki EPS’de oldugu tespit edildi (1087.03 pug mL™). Test edilen
mikroorganizmalarin iirettigi EPS'nin patojenik mikroorganizmalara (E. coli, S. aureus K. pneumoniae ve P. aeruginosa)
kars1 antibakteriyel aktiviteleri arastirildi. En iyi antibakteriyel etkinin, M3 ortaminda (%0.2 maya 6ziitii + %1 siikroz) B.
licheniformis 2CS bakterisinin irettigi EPS ile E. coli'ye kars1 (16 mm zon ¢api ile) oldugu belirlendi.

Anahtar Kelimeler: Antibakteriyel etki, ekzopolisakkarit tiretimi, termofilik bakteriler
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INTRODUCTION

Bacterial ~ exopolysaccharides (EPS) are
macromolecular structures that can be found in the
capsule structure tightly attached to the cell surface or
in the mucous (slime) structure attached to the cell
surface by loose attachment (Farag et al., 2020).

In addition, exopolysaccharides are also
produced by plants, algae, yeast and fungi. EPS
production by bacteria can take days, while three to
six months are needed to be produced by plants. EPSs
are branched and consist of repeating sugar units and
non-carbohydrate components. Exopolysaccharides
obtained as a result of polymerization of sugar units
with similar or different structures are organic
macromolecules. These sugar units can be glucose,
galactose, rhamnose, fructose, mannose as well as
some  sugar  derivatives such as  N-
acetylgalactosamine and N-acetylglucosamine. EPSs
can contain proteins, DNA, phospholipids and non-
carbohydrate structures such as pyruvate, sulphate,
and phosphate also (Moretto et al., 2015; Saadat et al.,
2019; Sethi et al., 2019; Angelin and Kavitha, 2020;
Farag et al., 2020).

The identification of EPSs is carried out by
analysing their carbohydrate content. If EPSs consist
of a single type of monomeric structure, they are
called homopolysaccharides. On the other hand, EPSs
formed by the combination of two or more different
monomers are called as heteropolysaccharides.

While most homopolysaccharides are neutral
glucans, most heteropolysaccharides are polyanionic
due to the wuronic acid in their structure.
Homopolysaccharides can be classified as o-D
glucans and B-D glucans based on the bond structure
and the position of the carbon (Llamas et al., 2012;
Zannini et al., 2016).

EPSs protect bacteria from extreme conditions
such as stress, temperature, light, pH, osmotic. If
there is a lack of nutrients in the environment, EPS
produced by microorganisms ensures the survival of
the organism. It has been determined that some EPSs
can have a virulence effect in different infectious
diseases as well as have positive effects on human
health (Llamas et al., 2012; Hidalgo-Cantabrana et
al., 2014; Caggianiello et al., 2016).

There have been several studies on EPS
production using bacterial strains such as; B. subtilis
(Razack et al. 2013), B. velezensis (Moghannem et al.
2018), B. alttitudinis (Mohamed et al. 2018), B.
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licheniformis (Angel et al. 2018), Geobacillus (Wang
et al. 2019) and B. zhangzhounesis (Miri et al. 2021).

Bacterial EPSs are also used in the food
industries. Dextran, a type of EPS produced by
bacteria, was the first commercially used bacterial
exopolysaccharide. Fungal EPSs have antioxidant,
antitumor and antibacterial effects. Microalgal EPSs
can be found in a heteropolysaccharide structure
consisting of a homopolymer of glucose or galactose
or a combination of monomers of several different
sugars (Freitas et al., 2017).

There are different ways to quantify EPSs
obtained by microorganisms, these may be the
measurement of dry mass of the polymer by
lyophilized, Ludwig's anthron sulfuric acid method.
In addition, carbohydrate determination of EPS can
be made with the phenol-sulfuric acid method (Leroy
and De Vuyst, 2016).

It is aimed to determine the presence of EPS in
different media by using thermophilic and mesophilic
bacteria and optimize the EPS production.

MATERIAL AND METHODS
Bacterial strains

In the study, thermophilic bacteria Bacillus
zhangzhounesis 2CA (GenBank accession code:
MT350124), Bacillus licheniformis 2CS (GenBank
accession code: MT350130) isolated and identified
from the Cermik hot water spring in Diyarbakir
province (Matpan Bekler et al., 2020). Pathogenic
microorganisms (Escherichia coli ATTC 25922,
Staphylococcus aureus ATTC 25923, Klebsiella
pneumoniae and Pseudomonas aeruginosa) were
obtained from the Medical Microbiology laboratory
of Dicle University Research Hospital for
antibacterial test.
Bacteria production

The thermophilic B. zhangzhounesis 2CA and B.
licheniformis 2CS Bacteria were cultivated in using
Nutrient Broth (NB) liquid media in a shaker (120
rpm) for B. zhangzhounesis 2CA and B. licheniformis
2CS at 50 °C overnight (18-24 h), while pathogenic
microorganisms were grown at 35 °C overnight (18-
24 h).
Production of EPS using different basal media

Different basal media containing minimal
amounts of chemicals were used to investigate EPS
production. The basal media used were basal M1
medium (yeast extract 5 g L™, dipotassium hydrogen
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phosphate 1.5 g L*® and magnesium sulphate
heptahydrate 1 g L) described by Ergene and Avci
(2018), basal M2 medium (K:HPO, 8 g L, KH,PO4
2 g L% MgSO4.7H,0 0.5 g L2, (NH4)2.50,5 g L?
and traces of yeast extract) described by Berekaa and
Ezzeldin (2018) and finally basal M3 medium (CaCl:
0.05 g L, MgS04.7H,0 0.05 g L, KH,PO, 1 g LY,
NaCl 2 g L%, (NH4)2504 2 g L with different
concentrations of yeast extract) modified from
Matpan Bekler et al. (2019). Bacteria were cultivated
on the prepared media under optimum conditions. Its
absorbance was adjusted at to a 0.5 McFarland
turbidity standard (5 x 10° CFU mL™) using
spectrophotometer. Bacteria were grown overnight
and then optical density was measured by
spectrophotometer (600 nm).
Production of EPS using different yeast extract
concentrations

Basal M3 medium that showed the least growth
for the control was selected and yeast extract was
added to this medium at different concentrations
(0.15% and 0.2%). Finally, the calculated amounts of
yeast extract were added into the media and bacteria
were grown under optimum conditions (pH 8.0 and
50 °C for the strain 2CA, pH 7.0 and 55 °C for the
strain 2CS). The bacterial growth was measured by
using a spectrophotometer at OD600.
Production of EPS using different carbon sources

In order to examine the effect of different carbon
sources (glucose and sucrose) at 1% on bacterial EPS
production, the basal medium was firstly autoclaved.
Then carbon sources were dissolved in distilled
water, passed through a sterile syringe filter (0.2 pm)
and finally added to the autoclaved medium before
bacterial cultivation.
Determination of EPS production by thermofilic
bacteria on petri dishes

To detect EPS production from bacterial
colonies on petri dishes, 10-fold diluted NB medium
and basal M3 media containing 0.1% and 0.2% yeast
concentrations were prepared. 1.5% agar was also
added to the media for solid medium. Sucrose was
added to the autoclaved media at a concentration of
1%. Discs were placed on solid media. B.
zhangzhounesis 2CA and B. licheniformis 2CS strains
grown overnight, in the NB medium were removed
and washed twice. Different amount (20, 40 and 60
uL) of washed bacteria were taken and transferred
onto the discs. Growth and EPS production
conditions were observed in the media kept in
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incubator at 50 °C for 24 hours. It was observed
whether slime structure was formed in petri dishes.
Isolation and extraction of EPS

The cultures were transferred into tubes and
centrifuged at 9 000 rpm for 10 minutes. The
supernatant part was taken and cold pure ethyl
alcohol kept at 4 °C was added in the ratio of 1
(example): 2 (alcohol). The samples were kept at -18
°C for 1 day. The samples kept at -18 °C for one day
were taken and centrifuged at 9000 rpm for 30
minutes. One to three mL of sterile hot distilled water
was added to the pellet part and dissolved. Dissolved
pellets were taken into dialysis tubes. Dialysis tubes
were kept in distilled water in a shaking environment
and distilled water was changed constantly for 48
hours. Dialyzed samples were taken into clean
eppendorfs and dried in an incubator at 60 °C for 48
hours. The dried samples were used for the
determination of protein and carbohydrate amount.
Determination of carbohydrates and protein
amount in EPS

To determine the total amount of carbohydrates,
phenol sulfuric acid method (Dubois et al. 1956) was
applied. A stock glucose solution was prepared with
a density of 1 mg mLto create the standart curve .
To calculate the EPS amount, 2-300 ug mL™* glucose
samples were prepared. Dried EPS samples were
dissolved with 500 pL of distilled water. Samples
were analysed using a spectrophotometer at a
wavelength of 490 nm.

For protein quantification, Lowry method
(Lowry et al. 1951) was used. The standard
concentration (10 mg 1 mL™* BSA) was prepared to
generate the standard curve. Dried samples were
dissolved in distilled water. 2 mL alkaline solution
was added into glass tubes and mixed. It was kept in
an incubator at 40 °C for 15 min. 500 pL of Folin—
Ciocalteu reagent (FCR) diluted 1:1 was added to the
samples . Samples were then analysed by using a
spectrophotometer at a wavelength of 660 nm.
Determination of the antibacterial effect of EPS

Four pathogenic bacteria namely E. coli, S.
aureus, K. pneumoniae and P. aeruginosa kept in the
stock were taken and cultivated into NB liquid
medium at 35 °C overnight (18-24 h) in a shaker.
Bacteria was added to the media poured into Petri
dishes and spreading was carried out with the help of
a glass baguette. Blank discs were then placed on the
medium. 10 pL of EPS samples was added onto these
discs. The incubation was performed using an
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incubator at 35 °C. The zone diameters were
measured one day later. Gentamicin (10 pg) was used
as a reference antibiotic.

RESULTS AND DISCUSSION
Growth of thermophilic bacteria on different
media

Thermophilic  B.zhangzhounesis 2CA and
B.licheniformis 2CS were cultivated on three
different media. The absorbance of the grown
cultures was measured at 600 nm wavelength in a
spectrophotometer. Figure 1a clearly shows that M3
medium with the absence of yeast extract gives a
better results in terms of lower growth compared to
other two media. Berekaa (2014) used bacteria that
are phylogenetically close to B.licheniformis and
showed that there was an increase in EPS production
by 1.9-2.8 times in the basal salt medium containing
glucose or sucrose. Wang et al. (2019) used glucose
as an energy source and found that Geobacillus
WSUCF1 strain produced statistically higher EPS

B licheniformis 2C§ W B. thangzh ounesis 2CA

B. licheniformis 2CS  nB. thangzlhounesis 2C4
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Effect of yeast extract concentrations on EPS
yield

Different concentrations of yeast extract
(between 0.05-0.2%) were added to selected basal M3
medium. The highest growth was obtained for
B.zhangzhounesis 2CA bacteria grown in the medium
containing 0.2% yeast (Figure 1b). The growth
increase was not observed in M3 medium containing
0.05% and 0.1% yeast extract for both thermophilic
bacteria. Moghannem et al. (2018) evaluated several
factors to explain the optimal growth medium
composition for maximum EPS production with
B.velezensis KY498625 strain. Different carbon and
nitrogen sources were used, the result obtained from
this experiment indicated that the best carbon source
was molasses at 4% w v* with EPS production of 4.2
g L, while the lowest EPS production (1.88 g L)
was with starch (4% w v?). The best nitrogen source
4.4 g Lt was yeast extract at concentration 3 g L.

B. licheniformis 2CS ~ WB, thangzhounesis 2C4
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Figure 1.Growth graphs of B.licheniformis 2CS and B. zhangzhounesis 2CA a) on different basal media, b) yeast concentration
c)yeast concentration and different carbon sources. Experiments were performed in three repetitions. The bars show the standard
deviation.

Effect of different carbon sources on EPS yield
Sucrose and glucose (1% wi/v) were added into
M3 medium as carbon source seperately. Figure 1c
shows that the best growth results were obtained from
the basal medium M3 containing 0.2% yeast and 1%
sucrose for B.licheniformis 2CS and 0.15% yeast and
1% sucrose for B.zhangzhounesis 2CA. Razack et al.
(2013) tried to optimize a medium for the production
of enhanced EPS from the soil isolate, B. subtilis,
using the one factor at a time method. The highest
yield was obtained with 2% of sugarcane molasses

(4.86 g EPS L), compared to the sucrose medium
(2.98 g EPS L*).Angel et al. (2018) determined the
optimum carbon source by examining the effect of
different carbohydrates such as 12% glucose, sucrose,
lactose, maltose, xylose and fructose on EPS
production of B. licheniformis WSF-1 strain. They
found that the highest carbon source wassucrose with
25% concentration and produced 2.9 g mL*
exopolysaccharide.
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Determination of EPS production of thermophilic
bacteria on petri dishes

As can be seen in Figure 2, two bacterial strains
tested grow by forming a slime layer in sucrose-
containing medium. This slime formation clearly
shows that bacterial strains produce EPS. Paulo et al.
(2012) also investigated the presence of EPS in lactic
acid bacteria using discs in solid media. They
investigated the EPS production by these bacteria
under different conditions, different carbon sources,
pH and varying temperatures, detecting the mucoid
colonies on the discs.

Quantification of total
bacteria

For B. licheniformis 2CS and B. zhangzhounesis
2CA thermophilic bacteria, sucrose and glucose
sugars were used for total EPS production in M3
medium.

EPS in thermophilic
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Table 1 and Table 2 show EPS production by B.
licheniformis 2CS and B. zhangzhounesis 2CA in 100
mL basal medium M3 containing two different yeast
concentrations (0.15 and 0.2%) plus 1% carbon
sources (glucose and sucrose). The best EPS
production was observed in B. licheniformis 2CS as
121 mg mL? in the medium containing 0.2% yeast
and 1% sucrose (Table 1), while the B.
zhangzhounesis 2CA produced highest amount of 45
mg mL?* EPS with 0.15% yeast and 1% sucrose
(Table 2). Berekaa (2014) reported the amount of EPS
produced by B. licheniformis QS5 in the presence of
sucrose as 3.78 g mL™. Moreover, Ergene and Avci
(2018) tested various carbon sources of glucose,
starch, lactose, whey, mannitol, sucrose, beet
molasses for EPS production in Bacillus sp. ZBP4
strain and the best result producing total EPS was
obtained using beet molasses as 1071 mg L.

C

Figure 2. Detection of EPS production in B. zhangzhounesis 2CA on basal medium supplemented with sucrose (a; 0.1% yeast
extract, control; b; 0.1% yeast extract+ 1% sucrose), B. licheniformis 2CS in basal medium supplemented with sucrose (c; 0.1% yeast
extract, control; d;0.1% yeast extract+ 1% sucrose)

Determination of carbohydrate and protein
amount in total EPS

As shown in Table 1 and Table 2, while the best
carbon content result was 333.28 pg mL* for B.
licheniformis 2CS, it was 1087.03 ug mL™* for

B.zhangzhounesis 2CA. Singh et al. (2011) found the
amount of EPS produced by B.licheniformis as 576
mg L, the amount of carbohydrates as 343.14 mg L
! and the amount of protein as 107.68 mg L. Angel
et al. (2018) determined the total carbohydrate
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amount as 58 + 0.017 mg mL™ and protein amount as
12 £ 0.021 mg mL? in EPS produced by Bacillus
licheniformis WSF-1 strain.
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As shown in Table 1 and Table 2, the highest protein
amount was 1.29 pg mL™* for B.licheniformis 2CS,
while 1.38 ug mL* for B.zhangzhounesis 2CA.

Table 1. EPS dry weight, carbohydrate amount and protein amount of B. licheniformis

EPS dry weight (mg 100 mL1)
%0.15Y | %0.15Y+S | %0.15Y+G | %0.2Y | %0.2Y+S
4.5 10.5 7.1 3.3 121
B. licheniformis 2CS Amount of carbohydrate (ug mL™)
133.74 272.46 216.56 54.63 333.28
Amount of protein (ug mL™)
0.25 0.52 1.29 0.03 0.19

Table 2. EPS dry weight, carbohydrate amount and protein amount of B. zhangzhounesis

EPS dry weight (mg 100 mL™?)
%0.15Y | %0.15Y+S | %0.15Y+G | %0.2Y | %0.2Y+S
6 45 7 5 30
1
B. zhangzhounesis 2CA Amount of carbohydrate (ug mL™")
135.45 985.57 403.39 628.48 1087.03
Amount of protein (ug mL™?)
0.21 1.38 0.96 0.51 1.14

Determination of antibacterial effects of EPSs

Table 3 shows that EPS obtained from B.
licheniformis 2CS in the medium containing 0.15%
yeast with the presence of glucose showed
antibacterial effect against E. coli with a zone
diameter of 12 mm. EPS obtained from B.
licheniformis 2CS in the medium containing 0.2%
yeast with the presence of sucrose showed
antibacterial effect against E. coli with a zone
diameter of 16 mm.

Moreover, EPS obtained from B.
zhangzhounesis 2CA in the medium containing
0.15% yeast with both presence of sucrose and
glucose showed antibacterial effect against S. aureus
with a zone diameter of 12 mm, while it did not show
any

antibacterial effect against E. coli, K. pneumoniae and
P. aeruginosa. EPS obtained from B. zhangzhounesis
2CA in the medium containing 0.2% yeast with the
presence of sucrose showed antibacterial effect
against E. coli with a zone diameter of 10 mm.
Mohamed et al. (2018) found that 75 pg disc?
concentration of EPS obtained from B. alttitudinis
MSH2014 formed a 12.2 mm zone against S. aureus,
12.9 mm against E. coli and 7.7 mm against P.
aeruginosa, while 100 pg disc™ concentration formed
15.1 mm zone diameter against S. aureus, 17.7 mm
against E. coli, 10.6 mm against P. aeruginosa.
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Table 3. Antibacterial effects of EPSs (mm: zone of inhibition)

Bacteria E. coli S. aureus K. pneumoniae P. aeruginosa
C; 10 C; 10 C;8
0.15% -Y
B. licheniformis G; 12 G, - ND G; 8
2CS
S; - S; - S; 8
0.2%-Y C;8 C; 12 C;6
B. licheniformis ND
2CS S; 16 S; 12 S; 6
0.15%- Y C; 10
B.zhangzhounesis ND ND ND
2CA G; 12
S; 12
0.2%-Y C;6 C; -
B.zhangzhounesis ND
2CA G; 6 G; 6 ND
S; 10 S; -

EPS obtained from medium containing yeast extract was used as control. Obtained after adding the carbon source to the medium the
antibacterial effects of EPS were investigated (C, control; G, glucose; S, sucrose; Y, yeast; ND, not determined)

C

Figure 3. EPS in B. licheniformis 2CS a) Antibacterial effect against E. coli b) Antibacterial effect against S. aureus c)
Antibacterial effect against P. aeruginosa

530



Int. J. Pure Appl. Sci. 8(2);524-533 (2022)

Research article/Arastrma makalesi

DOI:10.29132/ijpas.1142315

a

CONCLUSION

EPSs produced by bacteria enable other bacteria
to survive in various extreme environments. EPSs,
which can take place in many different industrial
areas, are also used commercially. The present study
investigates EPS production in thermophilic bacteria.
For this, different media, different yeast extract
concentration and different carbon sources were used.
The best EPS production was obtained from B.
licheniformis 2CS strain in the presence of sucrose,
which is the carbon source, and yeast extract, which
is the nitrogen source. The best total EPS dry weight
of 121 mg was obtained from B. licheniformis 2CS.
Protein and carbon determination methods were
applied for the EPS obtained. The carbohydrate
amount in EPS obtained from B. licheniformis 2CS
was found to be 333.28 ug mL™, while the protein
amount was found to be 0.19 pg mL™. The use of
EPSs in different fields makes them important for
future studies.

AUTHOR CONTRIBUTIONS

The study belongs to the master's thesis.

FRT: Conceptualization, data curation, formal
analysis, visualization and writing-original draft; KG:
funding  acquisition,  project  administration,
resources, data curation, formal analysis,
investigation, methodology, writing-review and
editing. FMB: analysed the data, formal analysis,

[JPAS

ypas@munzur.edu.tr
ISSN: 2149-0910

b

Figure 4. EPS in B. zhangzhounesis 2CA a) Antibacterial effect against E. coli b) Antibacterial effect against K. pneumoniae

article writing, NP: formal analysis All authors read
and approved the final article.

CONFLICT OF INTEREST
The authors report no conflict of interest relevant to
this article

RESEARCH AND PUBLICATION ETHICS
STATEMENT

The authors declare that this study complies with
research and publication ethics.

REFERENCES

Angelin, J. and Kavitha, M. (2020). Exopolysaccharides
from probiotic bacteria and their health potential.
International Journal of Biological Macromolecules,
162, 853-865.

Bekler, F. M., Yalaz, S., Giiven, R. G. and Giiven, K.
(2019). Optimization of the thermostable alkaline and
Ca-dependent o— amylase production from Bacillus
paralicheniformis by statistical modeling. Journal of
the Serbian Chemical Society, 84(10), 1093-1104.

Berekaa, M. M. (2014). Improved exopolysaccharide
production by Bacillus licheniformis strain-QS5 and
application of statistical experimental design.
International Journal of Current Microbiology and
Applied Sciences, 3, 876-886.

Berekaa, M. M. and Ezzeldin, M. F. (2018).
Exopolysaccharide  from  Bacillus mojavensis
DAS10-1; production and characterization. Journal of
Pure and applied Microbiology, 12(2), 633-640.

531



Int. J. Pure Appl. Sci. 8(2);524-533 (2022)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1142315

Caggianiello, G., Kleerebezem, M. and Spano, G. (2016).
Exopolysaccharides produced by lactic acid bacteria:
from health-promoting benefits to stress tolerance
mechanisms. Applied microbiology and
biotechnology, 100(9), 3877-3886.

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A.,
and Smith, F. (1956). Colorimetric method for
determination of sugars and related substances.
Analytical Chemistry, 28(3), 350-356.

Ergene, E. and Ayse, A. V. C. 1. (2018). Effects of cultural
conditions on exopolysaccharide production by
Bacillus sp. ZBP4. Journal of Agricultural Sciences,
24(3), 386-393.

Farag, A., Gamil, W. and Essawy, E. exopolysaccharide
production, extraction, and characterization from soil
1solate Bacillus spp. Egyptian Journal of Applied
Science, 35(11), 164-173.

Farag, M. M., Moghannem, S. A., Shehabeldine, A. M. and
Azab, M. S. (2020). Antitumor effect of
exopolysaccharide produced by Bacillus mycoides.
Microbial Pathogenesis, 140, 103947.

Freitas, F., Torres, C. A. and Reis, M. A. (2017).
Engineering aspects of microbial exopolysaccharide
production. Bioresource Technology, 245, 1674-
1683.

Hidalgo-Cantabrana, C., Sanchez, B., Milani, C., Ventura,
M., Margolles, A. and Ruas-Madiedo, P. (2014).
Genomic overview and biological functions of
exopolysaccharide biosynthesis in Bifidobacterium
spp. Applied and Environmental Microbiology,
80(1), 9-18.

Jenny Angel, S., Vidyadharani, G., Santhosh, S. and
Dhandapani, R. (2018). Optimization and
characterisation of thermo stable exopolysaccharide
produced from Bacillus licheniformis WSF-1 strain.
Journal of Polymers and the Environment, 26(9),
3824-3833.

Leroy, F. and De Vuyst, L. (2016). Advances in production
and simplified methods for recovery and
quantification of exopolysaccharides for applications
in food and health. Journal of Dairy Science, 99(4),
3229-3238.

Llamas I, Amjres H, Mata JA, Quesada E, Béjar V. 2012.
The potential biotechnological applications of the
exopolysaccharide produced by the halophilic
bacterium Halomonas almeriensis. Molecules 17(6),
7103 7120

Lowry, O.H., Rosebrough, N.J., Farr, A.L. 1951. Protein
measurement with the folin phenol reagent. Journal
of Bioogical Chemistry, 193, 265- 275

[JPAS

jjpas@munzur.edu.tr
TSSN: 2149-0910

Matpan Bekler F, Yalaz S, Giiven K, Giiven RG. 2020.
Isolation and characterization of thermophilic
bacteria from Hot spring in Cermik, Diyarbakir. 3.
International Eurasian Conference on Biological and
Chemical Sciences (EurasianBioChem 2020), 19 - 20
April 2020 Ankara, Turkey. (Sozlii Full-Text Bildiri)
Proceeding Book pp:132-139

Miri, M., Bergayou, H., Belmouden, A., Moukrim, A.,
Baazizi, H. and Boum’handi, N. (2021). Medium
optimization for exopolysaccharides production by
Bacillus Zhangzhouensis BZ 16 strain isolated from
Khnifiss Lagoon. In E3S Web of Conferences (Vol.
234, p. 00099). EDP Sciences.

Moghannem, S. A., Farag, M., Shehab, A. M. and Azab,
M. S. (2018). Exopolysaccharide production from
Bacillus velezensis KY471306 using statistical
experimental  design.  Brazilian  Journal  of
Microbiology, 49, 452-462.

Mohamed, S. S., Amer, S. K., Selim, M. S. and Rifaat, H.
M. (2018). Characterization and applications of
exopolysaccharide produced by marine Bacillus
altitudinis MSH2014 from Ras Mohamed, Sinai,
Egypt. Egyptian Journal of Basic and Applied
Sciences, 5(3), 204-209.

Moretto, C., Castellane, T. C. L., Lopes, E. M., Omori, W.
P., Sacco, L. P. and de Macedo Lemos, E. G. (2015).
Chemical and  rheological  properties  of
exopolysaccharides produced by four isolates of
rhizobia. International Journal of Biological
Macromolecules, 81, 291-298.

Paulo, E. M., Vasconcelos, M. P., Oliveira, I. S., Affe, H.
M. D. J., Nascimento, R., Melo, I. S. D., ... & Assis,
S. A. D. (2012). An alternative method for screening
lactic acid bacteria for the production of
exopolysaccharides with rapid confirmation. Food
Science and Technology, 32, 710-714.

Razack, S. A., Velayutham, V. and Thangavelu, V. (2013).
Medium optimization for the production of
exopolysaccharide by Bacillus subtilis using
synthetic sources and agro wastes. Turkish Journal of
Biology, 37(3), 280-288.

Saadat, Y. R., Khosroushahi, A. Y. and Gargari, B. P.
(2019). A comprehensive review of anticancer,
immunomodulatory and health beneficial effects of
the lactic acid bacteria exopolysaccharides.
Carbohydrate Polymers, 217, 79-89.

Sethi, D., Mohanty, S. and Pattanayak, S. K. (2019). Effect
of different carbon, nitrogen and vitamine sources on
exopolysaccharide production of Rhizobium species
isolated from root nodule of redgram. Indian Journal
of Biochemistry and Biophysics (1JBB), 56(1), 86-93.

Singh, R. P., Shukla, M. K., Mishra, A., Kumari, P., Reddy,
C. R. K. and Jha, B. (2011). Isolation and
characterization of exopolysaccharides from seaweed
associated bacteria  Bacillus licheniformis.
Carbohydrate Polymers, 84(3), 1019-1026.

532



Int. J. Pure Appl. Sci. 8(2);524-533 (2022)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1142315

Wang, J., Goh, K. M., Salem, D. R. and Sani, R. K. (2019).
Genome analysis of a thermophilic
exopolysaccharide-producing bacterium-Geobacillus
sp. WSUCF1. Scientific Reports, 9(1), 1-12.

Zannini, E., Waters, D. M., Coffey, A. and Arendt, E. K.
(2016). Production, properties, and industrial food
application of lactic acid bacteria-derived
exopolysaccharides. Applied Microbiology and
Biotechnology, 100(3), 1121-1135.

533

[JPAS

jjpas@munzur.edu.tr
ISSN: 2149-0910



