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Introduction

Exopolysaccharides (EPS) are complex carbohydrate molecules produced by a wide range of microorganisms,
including fungi, algae, and bacteria. EPS are high molecular weight carbohydrates secreted by microorganisms
into the extracellular environment during growth. EPS have complex and diverse structures that can be classified
into homopolysaccharides and heteropolysaccharides, which usually contain one or more monosaccharide units
and sometimes also incorporate other components such as acetate or phosphate groups. While
homopolysaccharides are usually made up of sucrose, heteropolysaccharides have more than two
monosaccharides. These structural differences mainly affect the physicochemical and functional properties of EPS.
EPS from lactic acid bacteria (LAB) are generally heteropolysaccharides, usually composed of D-glucose, D-
galactose and L-rhamnose. As a biopolymer, EPS not only exhibits numerous properties such as water holding
capacity, binding, emulsification and gelation, but also has various beneficial health properties such as antioxidant
effects, lowering blood sugar and cholesterol. Before use, it is necessary to conduct detailed research on the
production conditions and structure of EPS to evaluate their application potential and identify suitable fields,
thereby facilitating the development of LAB exopolysaccharides with industrial applicability. Therefore, the aim
of this study was to investigate the functional properties of Lacticaseibacillus rhamnosus EPS and its effect on the
rheological behavior of surimi.

Materials and Methods

Lacticaseibacillus rhamnosus isolated from the intestine of the Tor grypus was identified using the 16S rRNA
gene, and the gene of interest for the identification of the genus and species of the bacteria was confirmed by
sequencing. Crude EPS was obtained by a two-step purification process. First, the sample was separated using a
Diethylaminoethyl Cellulose anion exchange chromatography column and washed with deionized water, NaCl
solutions with concentrations of 0.1 mol/L, 0.3 mol/L, and 0.5 mol/L as the detergent at a flow rate of 1 mL/min.
The microstructure and surface morphology of the purified EPS was observed through scanning electron
microscopy (SEM). The antioxidant capacities of EPS were investigated by four different methods. The
antibacterial activities of the EPS were evaluated against Escherichia coli, Salmonella typhimurium, Listeria
monocytogenes and Staphylococcus aureus. Some microstructural properties of surimi gel were measured.

Results and Discussion
The Production of EPS generally occurred during the late logarithmic phase or at the early stationary phase,
indicating that EPS is a secondary metabolite. EPS yield and properties mainly depend on the source of
microorganisms. The absorption peaks in the 1200 to 1000 cm indicated the C=0 and C-O-C vibrations of
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glycosidic bonds or the stretching and bending vibrations of C-O coupled and C-O-H, indicating the presence of
carbohydrate. According to the analysis of the monosaccharide composition, the extracted EPS was a
heteropolysaccharide. The results showed that with the increase in the concentration of EPS, its antioxidant activity
increased. EPS showed a promising and dose-dependent inhibitory effect on a-amylase. The inhibition rate of EPS
on a-amylase activity increased slowly with the increase in concentration from 1.5 mg/ mL to 9.5 mg/ mL.
Carboxyl, hydroxyl and glycosidic bonds present in EPS may play a role in cholesterol adsorption. The
coagulability initially increased with increasing EPS concentration and started to decrease after reaching the
highest purification point, which may be due to the adsorption of excess coagulants destabilized the particles. At
a concentration of 4 mg/mL, EPS showed the highest inhibitory effect on E. coli with 23.4%. L. monocytogenes
with 27%, S. aureus with 73%, and S. typhimurium with 61%. EPS were reported to inhibit the spontaneous initial
aggregation and cell attachment of bacterial cells either by attenuating cell surface changes or by reducing cell-
cell surface interactions. Surimi gel samples containing different concentrations of EPS showed similar gelation
patterns characterized by three stages of gel formation, gel weakening, and gel recovery. This study elucidates the
conformational relationship of this EPS and provides a theoretical basis for its functionalization in fisheries
products.

Conclusion

In this study, we isolated EPS, and characterized its composition, structure, and functions. It was also applied
and evaluated in fish surimi. The EPS producing strains of Lacticaseibacillus rhamnosus were selected based on
ropy structure colony formation. The partially purified EPS was characterized by FTIR, NMR, and SEM
techniques and examined for its physicochemical, biological, and rheological properties. EPS exhibited significant
biological activities, including antibacterial, antioxidant, antibiofilm, and antidiabetic activities, and was highly
thermally stable. These findings suggested that EPS from L. rhamnosus could be used as a potential natural source
in food industry with functional properties.

Keywords: Extracellular polysaccharide, Functional characteristics, Lacticaseibacillus rhamnosus, Structural
characterization, Surimi
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Fig. 1. (a) Ropy behavior of colony of EPS produced by bacteria. (b) Kinetics of bacterial EPS formation and its production
rate during growth.

Kavitake, Devi, ) 25 JuwS 9,050 (sloog,S 5l Joome Ll Ko
ooyl 4 Yaay em™ ! s s JUSw (Singh, & Shetty, 2016
D959 b 00l Cupnd ylite o Juie (slaog )3y by e C-H i
52 2 45 5,8 ol C-H aasio (oS 5 JouSs)dn sloog S
cmt s, (Ye et al, 2014) s KI5 GluS 5 dges
s ssimd i &S 2gs H-O Waw it olesy) 51 a6 VSYF
Wang, Zhao, Tian, Yang, & Yang, ) cul (sdss ol S99
sy, (2015; Wang, Zhao, Yang, Zhao, & Yang, 2015
C-O-C 4 C=0 wlils,l Veve G AYer cM? anl p» Gls
C-C 5 CO Luied 5 iiS lals)l b sujosls ol
bl )i gy S dgng odimd lis a8 Wdly lis 1) C-O-H g oddicas
Joome ISl Yy old Y Jseme sladisy dcr .Cul
{Chenetal., 2022) x54; Loy Sl L

aS o las VA emt pn Gls Ko EPS (olb jeba
S8 i (2] N-H ed pite aygly (Al5)] 0 bgsyo oo
ologi g sl 09,5 1> CHa Wigey ()l Jiles)| CHa gy (2
Adesulu-) wogy ©lysng S > B gy C-H Way (clal;
Dahunsi et al., 2018; Noseda, Bonatto, de Freitas, de
sl ol )l 4 lgi o ()b 5l .(Carvalho, & Soccol, 2020
O 45 2 Cud 55 STO Wgw ylate iuiS il )l g C=0
Ol slaog)S 9 SelunS)S (sloog)S d925 emd L ol
.(Gunathunga et al., 2026) 1l

ol s bl 5 ool )lg S0 4 EPS ols 5 o3l
OhSen 5 (lsS adlles > (Yang et al., 2024) cusl auuwlg
2 eSS e WY W8l o381 wdes ol (Guan et al., 2025)
g5 nl 2 oM g1 ugwsiol) ol HE Y 45w 5l i)
sbicos &S dg lagye A3y G pw g dgw 03w b EPS
e <5395l 0328 s PH o silo ) byl b 5 S e
(Nie etal., 2024; Yu et al., 2024) 5,l> )5 55 clale 5 p)S
LAB Ly oddides EPSS 3590 53 0dd 315 wlilas e ,
Sy a5 2l 1y oolizel oy yiie MRS o M17 cuiS slalawme
Ol (Jls ol b .80gy dude EPS 033L poomads 5 Ay g 0365 Caunn 5
3 4 Sed b8l L (S Ul gl oo oyl 45 L5 ool
addllas 55 S o dboul 315 EPS e (e 9 oo 5 ajp
» EPS (5w (Chen, Gu, & Zhou, 2022) o, Kea 5 oo
L. rhamnosus ZFM216 5u0bsSSl 945 b L MRS cuiS lae
Do yid 2 pS e A E¥ 5 ) 058 Lo DAY £ 0 i gy
L. rhamnosus lewg odi sJgs EPS 4ol o35b ccpl 0 0gdle
LSl S lame 40 bl eSS 038 Cin ) Juddd cunl (See

SySLEPS (slaas il g3 g6 s 3 g FTIR 3allf

JS) a5 oy FTIR  omiawcis bawgi EPS _ole (claog )5
S5 D3 oaimdylis YYAR em T sgas s ST Lls K (Y2



1P+ adwl- oo F oylods FY ado oyl ! (2188 2 leo g pole ltun gy 4y yio

FOY

102

——EPS oyl s, Bl

100

98 4

96

94

(%) 39 soe
Transmittance (%)

92

90

3289.86

1636.04

88

T T
4000 3500 3000

800

T T T T
2500 2000 1500 1000 500

Wavenumber (cm™)

Ty e

700 - Reference standard &> »
600 -
500
400 A
300 A
200 +

100 A

3,185 biu! «— Fructose

LS oo

T T
0 2 4 6

«— Glucose
Xylose
Arabinose
\ \
T T T T
8 10 12 14

0T EPS Jsbog,l s,k

Intensity (mv)

120
100

(<gdwe) J

80
60
40 -
20

«—Glucose

Xylose
\ Fructose

\

Q

8 10 12 14 16 18 20
Retention time (min)
(48s82) 5,135L o)loj

——EPS el s,y

5.5 5.4 53 5.2

5.1 5.0

n (ppm)

4.9 4.8 4.7 4.6 4.5

U g o 53 3,1u5bis! (sl ;8 lwgige ol S53leg,S (0) FTIR iy (a) .L. rhamnosus lwsi suwisdei EPS (g,lalw Gluogas —F JSW
.-\g')lsu‘;bg;, 'HNMR d.g,]o (C) 9 m..\md)luuall» EPS
Fig. 2. Structural characterization of the EPS produced by L. rhamnosus. (a) FTIR spectrum, (b) Chromatogram of standard

monosaccharides compared with t

oad gl el w)le JLyiST (YD JS5) w)Slugise

59598 (gol> (gl 4,8l dy G EPS g 8yl Lg

5 Sy b 5| LAB lawgs o g EPSS gy 5615

he purified EPS, and (c) *H NMR spectrum of the EPS

S 5

9 j9kl;

Sis b Ysame o5 A0-VOe oM amsuie Sy
3 EPS (ol aites bije o) SloJy (spel (5)kslo
Judovi g 4350 b (Gunathunga et al., 2026) wuis oanli



POY o g, Loy o351 60 K hes Sluogas ol ySed 5 oblS

U ol 0 030> s Y-C S5 53 dollles 550 (5,:SL EPS
Y/V ~0/0 PPM s3940 53 Logos by Slu b (45 Snly ysigy
dils g7y a4l ¥/N =F/0 ppm asl (Jb ol bl 8 et
aledbl a4 oliwd 5 5)b Slises (i jobay b UK 5 Cul
¥/ -0/ PPM (¢ yoo] ab oyl pl oS o Jlgaia 1) Hlidlo 585
15 seosledl gyl slaggion b sly 038 psba
2 o9l OFon ot Bl (IS pgbar 5 0 olazl
2555.5) & — /0 ppm 5 (B g5 j5SL5) ¥/0 — & ppm 4l
olil (50555 g siuySy Jbd 5 @S Gl (@ g5
» (Zehir Sentiirk, Dertli, Erten, & $imsek, 2020) >4 oo
liond bl wad e L Y- K3 oS jghilen poils adlas
1 caiidy EPS & Lgyye HNMR Gib )3 (6501 (sl
F/ODAY o FIOV-A « FISYVA « F/AYAY /\YYY ppm ok
ExSL 3 ead glpaul EPS madie oli & a5 oaslie
O (i ySy b W8 olodly 95 Jolib upusgio)y wsbewly il 5
JUSws g pols dalllas ) sl B0ty S b 48 0nilodls a4
A3 o Hlis aS (bl g O/F e pPM clale 3 xsly Seigp
Meng, Cheng, Han, Chen, ) cuwl oas J.Si5 59050 ;1 EPS
FTIR (lacib Jbo 5 a5 b @ls o (& Wang, 2017

il cdlhao

SEM 3al5

Blon) g maw $5999)90 Cnogi sl 0355 jokay SEM
5y30 5y SLEPS ISEM gl 365 o o3litusl iy Sl Lg S
ol 0dds 03l L ¥ S )0 calisee  oleiS )5y asdlles

Meng, Cheng, Han, ) sg slite jlaw b,5logise o
L. &8k Lg531 .(Chen, & Wang, 2017; Xu et al., 2019
55599 ¢jablj jaiely oS YIS (5615 ¢jaile Ai8 can ;I rhamnosus
Ly o AJgs EPS [(Hu et al., 2021) 5 oad LS o)l
Han et) s 5585V 4 3565 joial, Jolis L. rhamnosus B6
L. lwy oxdads EPS U8 oS5 o)lse (S, .(al., 2014
PH dod ¢3S xso 3k caiiS” byl yi 3l Jdws rhamnosus C83
Gamar-Nourani, Blondeau, &) >4 13, Jslo 5 O
slbe L &S L. rhamnosus .,k L3351 .(Simonet, 1998
Lol iy Sl 4, logige @jg g 0d CuiS ()5 calisee
Polak-Berecka et ) 5,55 osalin JoSUse po > (ool
Sy &Sl ol asuie (0l bulys s (al, 2015
CutS Lo > odlitul 090 ()5 @iie g9 4 EPS )Slugige
L. delbrueckii subsp. 4 bg e EPS ;5 laiid x555 0 )b (S
L joSYE o 865 wgs 03,8 W) 5955°9,8 (g9, 5 bulgaricus
Sl S auie poss b il oSy oS Jb 3 g VIF 1) s
3)5 S TNV 2N G b jgialy 9 SV 5SS 4 5957958 &
S bl 5| .(Grobben, Smith, Sikkema, & de Bont, 1996)
dulio 5,38 o 55 2, lugige Cud 5 S5 5345 Jolss
calises bylys 3 LAB lawgs oad 35 EPS 3 59350 (slanid
20350 (aglds aS Cuwl ()l pe 4SS ] bl ¢ y5ubsST
Golds  Jg iiS o uSxio |y EPS jlidle 3 a8 Ol wab

L ed s |y eadadey EPS IS cueS jo

dalliae sy g0 wa,lSto oL 938 NMR aadlbas

Sgm S s g a0 ¢y wlge HNMR Gl
4 basye HNMR (ol a5 g5 oslil by Sl s (o555

EHT = 5.00 kV WD=11.7mm Mag= 200X

Ovvex loiS )5 (b) g ¥ov x leiS)5 () EPS g (559993 )90 9 5l lwvg o -V JSUi
Fig. 3. The microstructure and surface morphology of EPS observed by SEM. (a) 200 x and (b) 5000 x

EHT = 5.00 kV WD=11.7mm Mag= 5.00K X



1P abwl- oo F oylods FY ado oyl ! 2108 2 luo g pole Glddghy @ pis POV

0 clale » EPS-P14 a5 woly 5,155 (Sihame et al., 2024)
Ol ol 2> (LS 1) 20 3 AY/D Jlao liee i) oo 2 )5 Sl
S 5l onilis EPS Luwg DPPH 3ljl la 0o, e
315 (S EPS Gilises _gliosd ©lS 5 & Bias «g Sl calises
L. ;| EPS lkwg DPPH ke e .(Wang et al., 2014)
L. rhamnosus ZFM231 ;| EPS-P14 4 rhamnosus ZFM231
oS ol o391 Wil oS gpan cloog,S 3L sl Lsay Yl
Sihame ) auS” lual olj1 6o, o (gl 1) g iUl Ailgs oo
DPPH  SuiS ke culld ol adlas 55 (et al, 2024
O JeaS gy (sloog S 51 (8 ol (K0 (5751 205 351
iyl g oegMe ol aai ey lis FTIR cab o &5 wisl
35 EPS 3 sgnge sdiliSs, 5 bayey aile b aalil
Xu') 35,13 155 DPPH 1 la JI6al e lime 0 Ails oo
Sl so 48 ol BT JIG3l oy 5 b JewS'g aem (et al., 2019
oy ol o 5 sSlye gl & Jobo L2z b
bwg JuwSsphn JS00) Jke ol (Wang et al., 2015b)
EPS clale 15 «cdl ilidl joyd YYIY & ssyd YY/0 51 EPS
8l Gl 2l e 53 5 oo D 4 S o 53 p 5 o VIO
LStz «lils 3,56V by el (Ko EPS oS ol 00 3155
Shah et al., ) 5,0 o 5l b Hlee |y JuowSgym 051 (cla 001,
s Josl, Gis ;> EPSs olls «pl p egdle (2024

ol Joo Ji8 b JSII JuuS'gpin (slaog )3 ol 4y JuuS gy0um
(Xuetal., 2019) >4 0 bgsyo 35 EPSS lawgs

EPS jdael- 411 cuallad o 98 yuu
Mol Hleo oS wlosls L5 cobs 3550 > daxie Slalllas
2 Slyge o cwl by plop 209, (055
Pl S e a3 5 e (el ) wwlis [bcl)amg S
~all 5 ;oS sl claml culld )l LS oS
08 S5 Gl okigpty (il g SS9l g Jlee ol el
Cho, ) 38 i ) Sas8 039 )3 18 I g (SomunlS p0)
loieds 500,87 51 oolizl b cadlllan ol > .(Han, & You, 2011
248 jglailen 05 dunlis EPS Msk-ar oo cllab it S
aiusly g 0058 ladsel Jlae I EPS canl onis o0ly lis d-a JSs
b Moo cdlsd o EPS jlae oljae 3 olis sl p 595
5 ek B 4 ke > pSuke V0§ il il
P pSuke V0 3 ke i 8l Gl el 4 ) e

A5 o3 laiel gaw Sy 3929 (V-0 JS8) Ve oleiS)5 5
G S g ojluil b 9,8 @l g ouiSTy sl jlidle b oS
(F-D JS3) VL slaoloiS)sy cov oS (aseie cilise
ow bl g waly Hlis |y by g Jodouie pdaw 380 (slaayY
Sihame, ) o,Ken 5 plogws addllas ;3 .005 5 aseis LB Glo
L. ; EPS-P14 (Zakaria, Khalil, & Rajae, 2024
EPS 52l lis plaiol (glddyq 5 sldlg) (5 alls rhamnosus P14
Ispirli, Sagdic, ) sls ;Lis 1, Jbasls ,lsle L. reuteri E8L ;I
4 EPSs Gl sla JS 5 ,olls (Yilmaz, & Dertli, 2019
ap gl B dilise sy, Jda sl Jle!
aloylslo 5 Sl g 08 Sis s Jobo )3 Gmlisyord:
5 ol opl p o9 (Sihame et al.,, 2024) cusl EPSs
St Ll sloylilogyy g (635)58)90 4 EPSS gito (clody)lS
CaMa a4y b sad (]38l 1) 039 pdaw sl (Sos jlaenl pdaw .35l
PIPVISTS GIRPICIN X U PL O 51 - WKW SPE OX SPU TS
ol b 4wl clagsyg g i e |y Of (5SS e b
pd g sandia cale sl Wiy e wload exliey Blo
J. Wang, Zhao, Tian, et al., 2015; J. ) xg ool (SetwMly
.(Wang, Zhao, Yang, et al., 2015

EPS Jladcuw ) Olas guad

EPS (sl 531 (S5

Sl a3l o bl b EPS S| sl el
ABTS sla JSu3l; e oo s ppgms cslo JIS0315 g oo
Ul b)) sy b 2Ly DPPH (sla JS0al) e ojee
S g )k JS50l, 5 DPPH o1 JISGal, 5l ljl (sl S35 e
Lug oddids S5l b JIusl, o5l Wil L s oslizl
Loob gl s (Guan et al., 2025) siws Joho pudoslio
bl il o ST sl el ol EPS clale il
A0 a il le g pS dee VO 3900 ;3 EPS clale i)l
Y5145 4 10> VEIYE 5l DPPH Gl e eyl s 2 )5 o
Sl sl e mls plos (F-a JSKa) cél il as)yd
Oy A5 dulie ute JyuS lgieds « S gl il b EPS
ABTS sl J33)) e ok jl oy VY sl sl coles
(F-b JSC3) el oy

eyl & wisl > (Wang et al., 2014) ) Ko 5 K,
9 Aoy YVAA (o4 I-EPS2 4 1-EPS1 Ly DPPH ke
San 5 plags 39 sl kio g S ko ¥ CE 53 a0 FAIFY



P00 . .\g.)lflwgslis}fl ‘so)ﬂ»& ulﬂow sdl)l&o.b 9 ,_;o.bU

N
S

—8— DPPH radical seavenging rate

~@-AA

/

g

80

60

40 /

20

DPPH 5131 JI5551, ;e s
DPPH radical scavenging rate

T T
0 1.5 35 55 7.5 9.5
Concentration of Exopolysaccharides (mg/mL)

(o 2 5 deo) Johwg )b (s Bl o clialé

Q
g

—8— Hydroxyl radicals scavenging rate
-8 AA _—
A @ /
8 e
3 =" / -
o
&
3 & /o
o
-~ g o
3%
w
]
8 S 404
il
3 [
P —
=
L
~ 2 20 /
bl
i¢
TS
s
=
04
) | T T T T T
0 1.5 35 55 7.5 9.5

Concentration of Exopolysaccharides (mg/mL)

(e 2 05 o) Johwg )b sl S ooy ke

120

()
o
I~
S

clale lon ) o815 yieS a8 dwy dops SN 4 1) o

..)93

—8— ABTS radical scavenging rate
—8—-AA

100 H

80

60

40

ABTS 3151 J60s1, )k o

ABTS radical scavenging rate

204

T T T T T T
0 1.5 35 5.5 7.5 95

Concentration of Exopolysaccharides (mg/mL)

(o 2 055 ) Johoo o (sl S oy ke

—8— Superoxide radical scavenging rate

——AA
90 | f

80 /

70 /

110 H

100 +

60
50
40

g JBG3N) 5o o)

30

Koy

Superoxide radical scavenging rate

204
10
0

T T T T T T
0 1.5 35 5.5 7.5 9.5

Concentration of Exopolysaccharides (mg/mL)

(ko 2 .5 sha) (S ) (sl B Lol clilé

ST g9 9 (C) S 95 (D) ABTS () DPPH JISy31, o cilisen scdile 13 g 5SY j1 aadided EPS L SuiiS oo cullad £ JSUS

(d)

Fig. 4. Inhibitory activity of exopolysaccharide produced from bacteria at different concentrations on DPPH (a), ABTS (b),
hydroxyl (c) and superoxide (d)

S tiS e B 5l Cwl (Son (S 3)S 9 S gy o>
S S Joo @3l b G590k slasign Lilo uiVlgsS e
9 el Loy uSheoS” S5 sipml slas) Loy
5 buygls slaygejl 5l odlitul b S5epe cladigy <8l
025 3l 2uiy (nimen sl oad SIS 9 (Sl
S b osilly &yg0ts il @ Jlail b adlgice s Blogdy
(Wu et al., 2017; Yin et al., 2020) 18 <, 5,5l
F9¥se 0j9 b s )Sluly Heas 53 laome 4 jeSiuny l3él
|y st b w3l 30 olod 5 bS] ip 2 Jal s b lgi 0 VL
oo ol 5 DS bl 4y ay sy 1 Jb cully a8 350000
Cgminn gy alS ol uasilSn Loy 5 ol aily 25T

Caedl EPS Ml (¢)lee cudlad a5 amd o L5 Waodly )

g Slaj )l cubd Copde 5 pSdn e Rden

550 159 L EPSs a8 aiidls > (Zhang et al., 2023) ], S

Callsd jsS -0 Kgy 5 Vb S5 Sl e o8

San g Jbay aimde Ui Plska oYL (S e

as” wzl > (Bordbar, Omidiyan, & Hosseinzadeh, 2005)

4 Jil b Slge EPS 5 34350 COOH Ll 09,5
A5 e 1y o el Muela ols anel glas!

Ol 1y 31 o) 353 reilSn e Kol pls adlllas b (Lol

S ey Blocdy lsbo )3 39250 (B (sloog)S g Sl A8 coi



1P adwl- oo F oylods FY ado oyl ! 2108 2 luo g pole Glidghy apis  POF

b anjeSiuny Gl a8 ob i eSS A jefung balps )
Dhital, Dolan, Stokes, &) 5> bls)l jlsyus S
(Gidley, 2014; Zhang et al., 2021

—#— a-amylase inhibition activity
100 4 —@— Acarbose
'3 -
= 80
}- s
: <
®
$ia
9. E )
= 8
o 40
.§ b
= B
;. £ 20
™ 8
0
T T T T T T
0 15 35 55 75 9.5

Concentration of Exopolysaccharides (mg/mL)

(s 2 05 o) b )b (sl Ly ke

a

@S Cullad

(%) g3t

Flocculating activity (%)

(’) 01] 0:5 0:7 0:9 Iil
C ation of Exopoly harides (mg/mL)

(Ao 2 05 o) Iy sty Loy il

Canslgs M e iol58l Lol aoly jaals' 1) 35618 il 5 azwlis

Jolore (sl b dulie cppizmon S ol 1y 31 el jl o0k i

.
e

(%) Jgyiunds’ > cud b
Cholesterol adsorption capacity (%)
E

T T T T T
0 0.22 042 0.62 0.82 1.02
Concentration of Exopolysaccharides (mg/mL)

(ko 2 05 sluo) (Jobwir )1 oy 5Ly clale

—=— sunflower (13,50t EA1h
—&— Sesame ouS 60
—*— Olive O 57
§
5
39
36
EA288 A% EA24h
EAl144

Callad 1(C) (Jg piwmdlS oy Cand )b 2(D) MaolWT oo 35T (508 5 e Cdlnd 2(a) . 6 58L bawgd iyl EPS JladCunn j Clwoguasd -0 S0
wokai :(e) 9 (6, loj b Hisee G (HEg, 13 EPS yamudgel (ad i :(d) cciliseo sl jd (g5lwdaisd by (S aiS sliail
Ogemdgal Sl5lad (o1 95wg o
Fig. 5. Bioactive and functional properties of the bacterial EPS: (a) a-amylase inhibitory activity, (b) cholesterol-binding

capacity, (c) flocculating activity at different EPS concentrations, (d) emulsification index in different oils during storage and
(e) microscopic images of emulsion droplets



POV s ag,) Bl g3 60, hes Slaogas ooy lod g eblS

al il EPS clale 501580 b Sausolis] cobl wonl ol
ool o 3 05151 2 Vgoms Yl JSlge (5 b asSolin] 5,
b oloicas w5l o a8 5l ol31 lele clmog)S 5l 31 sluws
ol 3o w8 Jos Blee S (ol 1)118 02 S sl
Kim et) 046 o0 dlanl jiiSly ;5 35,5 dlael ojlul sbul cely

{(al., 2007

EPS & gauud 9ol Caallad

ol dop3 00 JBlus Lais Ul b w8 placdgel Ko
ok 0-d JSs j0 a5 jlailen (Willumsen & Karlson, 1996)
3 Somdgal gla jadls 0 Liales] agw EPS sl oai o3l
el Lials g cal ials as d YY/FY B OV/ES Gl e e,
o b plas 1y celo YA 5 el VY wwelo Y Cuow 4
2 EPS ondgel jadls o (o) gxe M zun el YAA
UiblS Loy mizmen (P>+/+0) MiS odalie iz glaiyes,
035 GBI 56 2l SLEPSS Lo 3 ploj (b (Sgmdgel (a3 ls
EPS g ol gl (Devi, Kavitake, & Shetty, 2016) ¢l
U5 ey 5)libinl pladgel G 5l catioslazel Jdsay ¢ Jb
wlbs slplidse L EPS LK pudice duslis «Cuie
EPS (jsmdgol 5l (065w Sae uSe 0-€ S . Cans oy Sl
h Sas8 9 Syp llad b ugusioly usboly Sl 5 5 S
ks LS5 ol 53 5 Vb o515 b S gS l ame ol
o o)l S laisdy amudgel il ylad ol 5ud samline S5
Ol le S oo (i 1) (S0 (5)luky 45 3980 485 a3 5
Horozov, Binks, & ) Ssd oo yylul sbaiysmdgel 4 o
EPSs pls (¢ly 35 olie 34, (Gottschalk-Gaudig, 2007

.(Devietal., 2016) . oanlin

s lass Jol g Jacu g5 alad gas Jusidl lgo
SHSLEPS (g9)Sheis culld p cunl (See (o0 Jelge
(SlowMe cud b 5,500/ wel Sty ales jl 380 L8
9 Jo9yS (JeSgpn slaog)S aile) il ole (sloog)S

(Zhang et al., 2025) laeg,S0e glsil 9 EPS (laws

EPS J g iuls caia casd b
USG5 3 o (alRitalesl g0y Jg il ials 5 EPS i
Gk 3l Joyls clale als 4y 0B wanl sad oy lis 0-b
2 pSuke VY IEPS clile (mIEIL gl g o Ol
VY sl gl ke » pSike VY & sk
52 203 VAIYD EPS Jg ulS il (oblg5 il sleo 5 p5 o
5l hols EPSS oS Wloals lis 5504950 5 (Scygp Slalllas ax (31
e Jalgds Lol wlls 1) g iudS mow LialS sl LAB
31> 359 EPSS Lausgs Jyytuds’ 2lS puulSio 3,90 )3 (528
S Sho 4 diu Alg 0 EPSS &S cunl ot ()35 (b oy
Ojs b Mo dbjeSiay dle 0 B olendsSo b
B35 b Jg il Jltgen  litde § A5 S 5 JSlse
05658 5 oS gy ¢ oS 0,8 slaiau (Silva et al., 2021)

il 4l (il JgyudS” Gl Casl Ses EPS ) 39390
Tamargo, Martin, Del Hierro, Moreno-Arribas, &)
(Mufioz, 2020

EPS Suiisalial) cullad

P (Sl cdld s 4 olend glooaiSolisl 43 )5

bl Ll wilas 3 418 solatwl 3y50 03 5wS jolay o5 AL
ool 51 eolitial g sz il pus g (s S 539)55 (sloyogise
buwg oS ) osaSilisl ((blae o ol odd dgase
5 s o oy iz o 15 o545 oo 13 LS 3 S0
Wi JouS 92)5 slog)S (ol EPSS it iy j55¢ s j
Jos €A% wilo (28,595 (sl (sl Jlasl Jomo iy o
EPS L U Wod oo o Jlb JI8) by (o)) 4 &5 S (e
el (Rudel & Morris, 1973) was Sy (eSS
e Sl uppial  poshisl 515 S YEPS S i
US3) 3l b ol g s ee 13 p)S e VY G /Y I EPS
VY 5 (SaSslisl el o 3VL ol adlas EPS (ol (0-C
addllas 5> el Cowds Lo yd VIV a8 s bl yid Lo 15 p)5 o
SusHlasl culls (Rajoka et al., 2018) Ko 5 Ko,
2 .C8,5 148wy 3y50 L. rhamnosus calisce (slads g EPSS
SuSlinl ol o5Vl EPS cladises dan (¢l dol adllas
o sladiges Gle 0 b sdalin g Joo p p)S Jee ) j2
Joyd A 5 AY YL Lo Liws cullsd EPS113 4 EPS111 EPS
103 YA 5 EPS117 gy duoy 50 ) doiges polos by duglio ,
ooy (L5 D-C IS5 3 a8 pshailen .5 o3l L EPS115 ol



VPO woluwl- ook F 0yl YT RVES ol ! g,l.;\.é Lo g pole gS‘Q S g%y Ay g £OA

120
. A
B
[ c
100 B v
E g
RS
- o
\}g < 80
. =
2
o=
] 2 e0-
=
% S
T &
::t f§ 40
= /M
=

20

0 0.2

Concentration of Exopolysaccharides (mg/mL)
(Ao 22 05 o) (oo soy Lo Jy clale
(D) g Listeria monocytogenes (C) « Salmonella typhimurium (B) Escherichia coli (A) pldgw JSwis » EPS w5l -1 IS5
Culig S0 43 Staphylococcus aureus

glitte S8 gy 9 EPS jaseie cldale o 3 (6580 sladisS o o dme BMB] adimd ylis ciglite 55 g s ol &) jlme Gl sl . Sle & jg0ty s
P<e/+0) cul £ pSL 465 o 3 EPS wiliie slacdale oy 4o jze BB osiad s
Fig. 6. Effect of EPS on biofilm formation of E. coli (A), Salmonella typhimurium (B), Listeria monocytogenes (C) and (D)

Staphylococcus aureus in microplates
Results are presented as mean + standard deviation. All treatments are significantly different at the p<0.05 level.

Ol Sy Cudl bidigel Shgr g (B () )8
g i odalino oS Ver 0 p S /0 cdale 3 b adls oyl polie
adllass,go (slayialyly ol Carse EPS clale sty sl
Sy b gzme (gylol Hai i bayle lee oddiosnlive (slacugles .00 )8
(p<-/-0)

&9 4w (Zhang et al., 2025) ,\Ken § Sla; aslllas )
» gellan gum 4 1-carrageenan ac-carrageenan .,
» bl oS5 b, S ISk ale ey J3
olis cdl g J5 uolsd 50 (6o VoYI¥ U YY/A daup ¢ oosyom
6 iy Doady Sl 31 LS glay Sl by yle (ol > 48”50l
$9 el bl b SO LSS sl gellan gum 4 cows
Db s (g ) Py J5 )8 )3y & pmie & Cuwl VL S L
oy 2ld b by Lol lal Jopmbses slacSign Yooms
(Yan, Liu, Sang, & Tian, 2024) s pb  osyeuw 5

SIS e Sl el sad w3y i £ ISS o &S jelailan

dod gy plidgn S5 (gl L. rhamnosus ;I sael cossy EPS
Sloj whdon Hlee aljl 09 clals 4 iy [ )low (sl S
il 52 e )3 p S ko ¥ 4y +/Y I EPS .l &S 05 sanlio

Iy sleee 1 cpytdis EPS ¢y Lo )3 p)5 e ¥ clale > .l
S. 5 Je) YV L L. monocytogenes oy YY/¥ L E. coli p»

b gl asys £y LS. typhimurium 4 asp VY L aureus
oo Jusil 5 sopanss ads) g EPSs o 13 S
b b Jobe ghaw Glpsd s 3ol 51 L1 (2L Sk ool

Kanmani et ) 115 o Jlgo Jsbo o b oo tiSlan s sinls
(al., 2013

sy 9 a8l Lo guad s s ISl 1y 9 351 s
sbeble Sbeos ey Ji <l g Shy VS
32 s SVEPS (3958l md e b |y (68l EPS ilisee



PO gyl o351 o0 K hes Sluogias ol ySed g oblS

2] 0.
8000 a
3000
3 E
jE " 5 5 B0 b
o ¢ 4 =
e D 2
58° £ 2000
= e =
o 2 o T
-
< 2 “'Q):Elstm
-4 —
i2 <
{3 1000
500
0 -
0 0.5 1 15 0

Concentration of Exopolysaccharides (g.100 g")

(65 100 9 0.5) sl slaos Sl il

0.5

Concentration of Exopolysaccharides (g.100 g')

(05 Ve 32.09) oot 6 sl Sy il

a

(p55) g s

Chewiness (g)

1 I:S 0 05 1 1.5
Concentration of Exopolysaccharides (g.100 g)

(05 Ve 12.008) Sl b slosy Bl L

Jj e ©,08(C) 9 J5 S (D) Jj a8 () . s 55U EPS dlliseo sLacdilé il Codi oov yow J§ Clmoguad -V JSWS
Fig. 7. Surimi gel properties affected by different concentrations of bacterial exopolysaccharide. (a) Gel strength, (b) Gel
hardness and (c) Gel chewiness

Sy )33l 'G ol 5 sl ax > A U les i3l L (2013
Huang ) cwl jlub J5 sl § JSis s jlis a8 by ol
(etal., 2024

sty (@) doye (b 'COEPS 958l
(38> yobar (A JS3) 59 EPS gon 5 5l 5YL (e LB
09 J3 b aulie 3 EPS oyl sloeg S ol8l slogye
g MY N Y sy o 8 il a4 yd A glod jo 0yl s 3S]
Cogii p b, Slo b sniScosi b samslis 45 5 V/+F
Wlia jobes cusl as 5 a0l Jsb ) aSd jlsle sl
Zhu et ) oS 5 ) 5 (Zhang et al., 2023) yan 5 Sl
5 SI5ss (blegSslS slojlo b 1) sonysw Jj 250 (al., 2023
s 1)Ly (329380 5l ey "G ] 13 45 008 (g Y088
Sl ol GRIEL eamaplis & g VL ae g B
ST5sS 9 Y28 LlogSslS bawgs aiblidgure (sonjgm (slacnSon
5 Ogelyld ASle o EPSS aS 54 o st coplpll ol
ORIl 4 e g > ialjal]) (eu g ST cuslie geo
lo oygw JJ 2 (Hae Sladiged ¥l g ()l o)l
g

sBlo (as e jUiAL g jSas 3 EPS il

el (31> (sl il b (S5 bloyl conygm J5 5,8dae
b Kl o a5 0y Lawsuis Cry0-SEM L 1y ol olgs e g 3,1
S Lais y9,Sn 5 geas > lSel o b ] Lndiges oadly

3- gel weakening
4- gel enhancement

as’ sl ol (Chen et al., 2020) ,Sen ¢ o ©ladss
Slgs e 1l 5Y5 b QLS (Y558 aoyd /¥ B /Y 34580
&S aad il Aoy d MY =0V 1) (glo )i oS couyou 5 )i8
3l (bl Sl b of Gls g bluwl S cul Ses
S > Jpmdore SlagnSn (lSud jldlo 4 ) 5 Ll
sl 00 ()55 &S polailen NSy (GGl (Do) L) (oorjo
(ol oyl b cws anld Jeb s ob; Jlesl 4 gellan gum
29 Moo o5 (eerygw Slaguon b g M SIS yeddy
Petcharat & Benjakul, ) .S o cusar 1) J5 wysle s
(2018

s 3 Saalias 558185, 2 EPS ,usls
ladiges J5 4 Jo 4T3 Jobo 5 Ao VlgSny Ol s
XU, YU, ) oy pagess (Seeliad 5908 b olyice ) onsg
ol K (G) o) e Jsie (XUe, & Xue, 2023
o SBoBayn 2o 5 ML ARl p chog (sl Sl
» & Hebilen (Huang et al., 2024) col b,s aulys Job 5
sable gols ouygw J5 sladiges il onds oaly L A S
Al o du b aS" ol L |y oo b 5 sl EPS calises
58 s 53 90 et Jj e 57 5 chonss I Jj JiSts
¥ gis g cdl Ll Ll 4 Gyl Gibe)S
B opjomesS] poos Judoay Bios &S ey, 595 zol & 3,8 Sl
slasign Goyb 5l adgl J5 aSid S a3 g cunlodd Jb s>
L'G ) jl o [(Huang et al., 2024) 54 o oSl (559,
& a8 0,8 hals & goub oS ol a0 Y dgds U Led i3l
Sl 5l (86 (njoe cu)BS 9 Siarde Salisy eSS
Zhang et al., ) dgd 0 03 Coms L)S 51 3 oad Jled 1590

1- modulus
2- gel formation



VPO woluwl- ook F 0yl YT RVES ol ! s':,l.;\.é 2lwo g pele ‘SW“ 958 Ay l44l

25000
"1
® 15 o ® "
4 A 05 [}
0 ®
i D
20000 -| ®e®o o o -
EEEE g o0 o u
- [ | - 51 . A
AAAA L T @ 5] AL -
& 15000 A, o o T A
&) A" o - .,
] A
& m ©0 -
r u A
n
10000 AUn s
A A A
AA
5000 = I L I » I ’ I ; I L | »
20 30 40 50 60 70 80 90
Temperature (°C)
(o135 lw 4 p3) Lod

EPS wglito Glacdilé bamgs a8ldgute (oo o J3 5ol S5l S 329 -A JSUS
Fig. 8. Thermal stability properties of surimi gel improved by different concentrations of EPS

(Huang etal., 2024) I,Sen 5 Sk» aslllas .(Benjakul, 2018
OLSHE g gl ST JSite (55 ronsg slad) 45725 b
Ylois] a5 s o s aBl oo MolS' g 03 pid gz jyl> S
3 o3 Jj 4 5 o JUS Sty inlS g Cogly s Juboay
duoyd Aile w0l 0pileS sl aslis cwl ST 5 ydsn!
b lgye OG5 S, IS Job cVlasl S sl o5, colue
EPS calises slacdale lawgs ablbdgmn ouyomw a8 (slb Sis
ol 03.5lsS" sla ol )l y> il sy losds oold L A-b JSs o
o il colus s w5l J§ oS S5 sy Slgion
Bernklau, Lucas, Jekle, & ) 1S juSsio |y J5 (Siwaw 5 d3lo
b s saSos EPS O9d &ses .(Becker, 2016
IS olaws o5y colue doyd (p eSS &S 3l LS 1) S5 (slo yon
o938l bl i 1y GG cpyide 9 Sy IS Jsb 9 Y La]

a8 S gou g Cawl 04 03> L A S 40 &S jalailan

b by a5 B SIS slaghm b oliial 5 cupy Jj
4 yte oS 1> JSt5 )M pedgre sla g 0 ke (iSen
Sost s EPS b osylag (sloog,S 5 5 plSonial tals
Dah San g pSTyke Jle @i L 5 aSd (50,8 )0 g2 LB
b adloge coge J5 e oolp Wgie bbb mls ol
Sy ol o (A2 JS) se s 1y Sl Bl )
K8 o S8 J5 S gt &0 Logos w5150 g 03,28 J5 4
Lo pd £ 29580 a8 A ealy L gladlllas y> (Zhu et al., 2023)
el o g yge S5 4 Sl a5 o0 gellan gum
P S JiSen ol (n] &5 09 GeSlyie C)ygod S)ppde
Cuto eSS g gellan gum > JuS's)S (slaog S (ite )L
Petcharat &) dgd 0 03l Cond Mojudare  (slo gy



PRV e gyl o351 60 S hes Sluogas ol ySed g oblS

5 Sed dalo b olaaSils (38> jabay )b (Sdp (S 5 sl (158l a3 YASYD 5 Ve =0Y VYA e 4 Sy
e oS s 5 i o L5 (g e T Lz UsSY 03,28 o3 YO-F+ a5 b5 ooy (J5 clboyis) i )lisSY a5 s
U eVl L UsSY (wSey S5 slaoyis 5 S | oebas 455 o lgp (el yioy 4 bigyye a5 dly talS (P<+/-0)

(Yan etal., 2024) xm> US55 a8 jolailen sl yod i Joddseie fate J5 S S5 L
O o

a 1200
i .
' sl g i
3 S a0 = e
] & i
-‘3, < 304 —% "E o
2
g | =
9, - 204 j £
a { D =
= 101 & 200
2 {
0 0
0 05 1 15 0 05 1 15
Concentration of Exopolysaccharides (g.100 g") Concentration of Exopolysaccharides (g.100 g")
(55 Vo e 3 25) g o slan Sl b il (05 Voo 3 28) oo b slay Sl b il
a
5000 1 0.10 a
. be :
i3
23 z
=S 2 om0 4 =
) 5 a2 £
g 2 72 d
| 2000 -
&
1000
= 0 05 1 15 s i ! 13
C T o harides (2.100 ") Concentration of Exopolysaccharides (g.100 g*)
(055 12+ 13 £55) Joog, b o 5Ll il (055 V20 13 £5) Jshog b sla 5L Ly il

SASGEPS Cglitte (sLCdale Codi oo yom J§ U5 Ly (gl ol sy -4 S
P<) Jacstne cglis oims (s glite g o (JB 3blio) SIS 5 (50,5 blas) S IS Jsbo o ol bli) Vel S ol (55 bokas) 398 b S colus ()
s Unyla e (0.05

Fig. 9. Microstructural parameters of surimi gel under different concentrations of bacterial EPS
(a) Vessel area (yellow lines), total number of connections (blue dots), total vessel length (red lines), and gaps (empty areas).
Different letters indicate significant differences (P< 0.05) between treatments.
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