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Abstract

Polysaccharides (EPS) are polymers that are polymerized from monosaccharides and have a wide molecular
weight distribution. Exopolysaccharide (EPS) from lactic acid bacteria (LAB) is a carbohydrate compound, which
is synthesized and secreted to outside of the cell during the cell growth process. Due to its anti-oxidation,
antibacterial, and other characteristics, EPS can be used as health care products, water-retaining agent, stabilizer,
thickener, gel and medical plasma alternatives.The main component of EPS secreted from Weissellacibaria 27 is
dextran and has a high potential of commercial application value in the fields of food, cosmetics, and medical
industries.To improve the production of EPS, the response surface methodology was used to study the culture
conditions and medium composition.The research of optimization design was carried out by using the method of
central composite design.The results showed that the yield of EPS could reach 64.79 + 0.24 g / L when the strain
was cultured in an environment of 24.5 °C and pH 6.45 using an optimized medium (8.4% of yeast extract and
11.2% of sucrose).Overall, the production of EPS was successfully improved by W.cibaria27 with an optimized
culture environment and simple medium.
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EYtEE s TRHENEYIRIT EERIEEY)  HERE SR USRS T )1 SR i
IR AR - VRSV E 2 7T[1] - 288 (polysaccharides ) J2& H B HEETE & TRAY S 77
+ HOFE5 Rz - B 1950 £ BEZRFGEN ZEEREER - VURHIEBTIRE TS - FHtE
SEHYRRST - SR SRS LA ~ B8Y) - VRS S EEREAMAN TS - SFLHE g4
FEZ RS - PTE AT E SRR T A SRS LAV RS - SEERSIE R R e TR s
HEEEE - B/ NIREI EREMEERFT 2R - —R2KER - EYIFTEEN ST &E 7 /=
& (1) RERNZEERS (intracellular polysaccharides ) fEfEFIAEY) & RATFRAVIRIFERIGEEARIE 5 (2) 458
%ME#E  (structural polysaccharides ) : %3520 B RS FHR R I VIR BGHY 2B A ATIRE © (3) RESMEIERE

(extracellular polysaccharides; exopolysaccharides ) 4= & f+ {4 P4l Y ME Ay T R4S SRS (2] © By i
& (exopolysaccharides, EPS ) J& H 7R H—ELRE e Sl A W A8 R A o b BRSO M KA M 2 RS > 18
AR e E BN E R E A -

FLIZE ( Lactic acid bacteria; LAB ) & —fEAESE AL 2 SEMERREE - LGRS BN M RS 1EE
EAE T BB RS R [3] - AL AV IE AR & BT HRE 7y A AL & s GRAS  (generally regarded as safe )
LA o MR A BT S EE R E YRS IR E F A ST - AR - DB DU REIN
BEE[4] - AREIIIN IR S AMRE T AR > SR ERINY— B2 YE - FE a5y B it E4
R IAIY AEHE 2 RS ( capsular; CPS )14 2 21| 4 MEL G A B4R 28 A= A 1T RE4A Y 2 A% (ropy EPS )
SIERAA AL IERS (non-ropy EPS)  [2,5] - /& B & R AL B VRES N2 FERS FH FLAY SV B E el s L
BUSHAVE R - B IEE eI A PR [5-8] - IR mESRAS A BRI SR AS T AR E > RSN I R A R[]
AR [E] 4 R P B B ER IR R EE AR [9] - IRIIE » A FF 2SR SR 10 FLBR RIS 2o W RS A R 14 o B B s T
A FE[7, 10-13] - FLEEERIFTAEERYZEERS - (REGHAA RO (5 TR T ARV E 2 MRS 1 S8 2 I RS R fE - 35
J& > BRI ST R YIFAE R S 7T 4515, 14] - [FIE 2 IAG 2 E — A A B (A& ECRAE) P
HRVE T8 - RIEEAERE DAV - vERARUESEL: (1) o-D-AJ%EE - HLAVRERY 2 HERE DA
a- (1—6) HEE AT BRGS0 T458([13, 15] 0 (2) B-D-#FNE - B EERSIEELLB- (1-3) 1
Frigas A = o T45RE[16-18] ¢ (3) SRR > MLEAIATRES NEIERS T B A e B EFTAHR 0 (4) B
IR 2L WERS  WI-F AL HE9] - TR E R MRS T 1 SR E DL - B R R = o T [12] - RS
P RS AR RE S Y HE K > DU IIES A S S se s B eis H e B AVER - st - BHEESE
BRI IEDRE > EfRfERm L EASEEEEI2] - BAtttg LS KA SO > 2
P74 BUAE A RO S i > AR S W ME A S THBE AR W R dn ~ BUEE ~ BRI LAt i E A -

BTN (Weissella sp.) BN FEREAGIER ~ SO IUREAYBGIREAR IR FLBL & 7T 4R R S 20 1
B~ ALBA 2B —RAEYI12-13] - HATC BB B A E ¢ & YRR S oy sk 16,
19] o BE4h - BHTIRE PRI S ES B > A0 - BEEE ALY ~ LB S MRS SRRk - o]
FETHEEEE B SR 20] - EAN > BRETICE L B A VBIERYZs 4 ThRE > vl FIIR A 9 - THIB6 e S pam iy 78
Bt AT Rk - PRI ATAEARAE 78 B2 508 H [12-13, 16, 19, 21] » fb51 » ZRE W.cibaria B2 HERG 1 IE
FA T B R B L 2 S5 ) 2 S A o A B (R | S A B P o

REREEHGIEEEE PR AR — R o] 5 bl N S FERE R IO - KEEEER > sy
W. cibaria 27 - ZEMRIE S A REMRIVIREE N AEERISN2ME - HFT4:7 2 EPS 45 1D NMR 1 2D NMR 57
M > WERDHAEE Ry - (1-6) -AFEHE(22] - LML BE BRAHEL - BRI B8 mT A 2 i = A E VAR S S
fiEHS - 40 W. confisa Cab3[231F1 W. cibaria MG 1[24]H A4 M5 ERGHY 4 7 & 7] 2 29 A1 36 g/L[25] - HHIAEE
HrIK BB AT b HIRES N RS T R B ~ AR B bl R AR EE A - REERIN IS
GERTEREMAR B > BAILAEIEHEEAUHE—TEEF W, cibaria 27 RN ERSEE & -
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ARk el
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W.cibaria 27 ELE BT TR PETEM2E[22] » FE-80°COKAE T AU Weibaria 27 Z REE - (EHE
ERITTEEHUREE T ER > £ MRS [EREE A FHIIUES R TIE - BERE 30°CHEAR -
A R 2 & R/NEF - £ MRS [EREEFEEL FOSHURE —E& 2 A 573 MRS R EE T (20ml) Y
=AM T (125 ml) > PEEUA 30°CREEAM PETT 16 /NEFF B R > ZRBFRERANREER
RO 0 YO RERHEITRE - WIEN R Ry 600 nm - MRS SHEAGATIER 5 SUBERZEHW) ~ 20
TLATEINE ~ 2 TOWERRE 8 5 TURERESA - 0.05 TEREEEE © 2 SoEEEERSE - 10 ST NEEEW) ~ 10 TEEH
i

S ek S EERRL B B A

RIS 2 B BG Y S LR e IR SE A SRR T FR BE R T AEE NER S B SR HETT[25-26] » WPk Wicibaria 27
FERFEINER 24 /N R R = A T Z B ERELA 50 ml e 0VE T - (F F & B REE O TR
B ORI RoBEEE 7100 xg » 4°C > 10 min > Z &R U1 EIERAUHIEIIA F WA =R L8 (10%) J&
BRI 4°C KFETEE 6 /N - IR FFFERRRRI_EAEE OIRAET RS HRE OB ERE X
bR BUSE AN IERSHY LR - EERIIA RIS Z T2 5% IR E TR S » IRETERIEFT
HBCEAE 4°CERBTEITIRE 0B (24 /NEF) « BERE) U R 2 i THE L - BRCRrE REEE 7100 xg
4 °C > 10 min * BEOSERARFHEELE BT ZERERR > WA A/KRIUBIEN » B2 3~5 KIRMA
%9 15 ml UK S BERGENARORAS » RRIELUS HEIRGE (2 BRI -50°C » FZIRIFR] 72 /INEF) %
SRR HETT 2 BREZ SR AT E -

Y SRAZEFEPSAE S G

[EfE R A TR B LB Baa A T H » BT DUEIRF RS E 2507 (main effect) FIR[E]AT-
ZRIHAEAEA - AR RGE (central composite design ) ££ =& 7K 2 RF-as e I (58 A W9 (i 3 &0 A
rhR BT = (EEEE R 0 BT 1L {EEE - ARG B8 X M Xo BfERBIAF > EPS EEH Y
FR o Gt T R HiE#E IMP5.1 (SAS Institute Inc.) A EERAH G AT BMEIEAVEER 5347 - CCD
R RN B LU N2 P 2 T A

Y =B, +B,X; +B,X, + B, XF +B,,X5 + B XXy + ¢

He Bo/ZHEL > Bo Ml B EEIGHREHI EZNEE R > Pro BEE 7 MRV UE B Ml B BEE -V ITHY
SHE > Y B EPS FER > Xo Ml Xo fURIEILEHIN T - e EHEMERE - (EHEHEE IMPS.1 G SR IE T 0
7 (ANOVA) b - [ i i — ]2 (2 &t 73 iri#cke STATSTICA 6.0 (StatSoft Inc.) 485! -

% B
~ AR E H EPS A £ R K

EMAEYETERS R HEEREH G B F RS S ML ER - BER W cibaria 27
PEFEAE MRS B PR EMREITE (30°C ~ 16 /N ) - S ER EIRIRIE A RIS a0 R E 77 5l
PEREA A 2% FEFERY MRS BrE RO T B MERG A - SR & 24 /NS > F(E BB —EE - &
BitE IREEUR (Table 1) - EfEIAPHEIRAE K 0.03  (ODgoo) B » ARG AT 8.37+0.18 g/L - {HFEE
PRI B ORGSR - H R R A S IR - (I - FERRGE R W cibaria 27 HIREIATETERIE
SCE Ry 0.03
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11 Bl RAERH EPS 2 2 2 0

bl FYERETEREE (ODsvo) EPS £E& (g/L)
1 0.01 7.65+0.12
2 0.03 8.37+0.18
3 0.05 7.61%0.21
4 0.08 6.81+0.15
5 0.1 6.98+0.23
6 0.3 4.96+0.17

S RERRERE pH G 2 FF

Prigg B ABEAY SRR R B MR EVE R E - 19146 pH (4 - BFEREED
T BLMRNEESE - RFRSTRECEEIRE - M EREREMYE pH (EIF AHERER 75
SOE T = AEKEER T AR TR (F2) - (EAH IR ERETE (Central Composite Design; CCD )
seat 11 sHEBRAH IR A RSN oS (R 3) o RFESIRRIE BRI EIR AR /5 0.03  (ODgoo )
A ZEH 2 % FERENY MRS 5285 (30 mL) /Y 125 mL =& T o FHRIBE SRR B
AR EIERER YRR R A TR IR 24 /N 1R L 1T S MERS AU LAR e A o T B AR
3 I {EFH4RETEES IMPS. LI T4RET 1 - 15 E1J7 2 022 (Analysis of Variance, ANOVA) (£ 4) ik
BERESHEE (R5) S3 [ELHEAEaT:

Y = 6.97 — 3.86X, — 3.63X, — 1.52X2 — 2.72X2 — 0.58X,X,

Hep o SR (X)) FIZRS9I4E pHE (X3) MSHEABEESR (P value<0.05) - {HREEBLYI4E pH (E
R E YL G /EH (XX, » P value=0.4576) - KPR EAYTAG pH (ELHY [E] RS2 4e B ple [ e i 1 = 4
(& 1) - &5RER - SRR ReEERRREAREREE T - ARXEBEIBETRE G
( coefficient of determination; R?) % R?=0.92 fY/K3E N YEHIE S By 24°CHI pH 6.45 Aykz&E g N EPS 1
P AREE £y 10.19 o/L « B TRHIR AT 2 EERS AR A - B EnsE R Ky 9.82£0.23 /L » BATNIZ I
RerE Einm4U Ry 3.6% » sz4S SHE B THNNE - RBREREBEIEAGHEM - AXE A ROt
FE(E ] W. cibaria 27 4= 7 EPS HYREEFRIFRENT (22°C ~ pH6.2) [22] - (HIIL » (& E BRI B BRdS Ry
B2& (4 (24°C ~ pH 6.45) AGE(TERET S MERG AR FE T B AL -

(1/6) sd3

Wl »h¢ & FEREXLERA 4 pH &8 Weibaria 27 % #t § et & € e
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%2 *NCCDZBBBETFFRI-AE

JK B Fa%
BERT 1 0 )
SEREE (°C) (X1) 25 30 35
W46 pH 1H (X2) 5 6 7

£3 %7 CCORFBABRREEM LS
BERAER BRRE ((C)(X1) #96 pH E(X2) ZEREER@Q/L)(Y)

1 25 6 9.27
2 25 5 5.44
3 30 6 8.33
4 35 6 1.947
5 30 6 8.31
6 30 5 1.14
7 35 5 0.447
8 25 7 8.75
9 30 6 85

10 35 7 1.427
11 30 7 7.68

24 BREpHZEIYFES LA 44 (ANOVA)

Source of Sum of Degree of Mean F-Ratio Prob>F
variation squares freedom square

Model 117.66 5 23.53 11.239 0.0095
Error 10.48289 5 2.10

Lack of fit  10.46 3 3.49 319.91

Pure error 0.02 2 0.01

C. Total 128.14 10

%5 BRE pH2Z HA v FFKG

Factor Estimate Standard error P value
Intercept 6.97 1.03 0.0011
Xy -3.86 0.93 0.0091
X, -3.63 1.91 0.1161
X2 -1.52 0.91 0.1556
X3 -2.72 0.91 0.0305
XX, -0.58 0.72 0.4576

ESENAARAATR RGN

SR HiE#R (datanotshown) - JEifE (sucrose) BARERIZEHIY) (yeastextract) &2 2% RS L
HIRASEE BN T - Bt E B EE = AR EREA/KER T (£6) - FHERTORKE S
EREETI02H R ERFE AR (RT) - RS IR B IR LAVIIG RS £50.03  (ODeoo ) 77 A A 1052 &
AR ERFEEARNGET (30 mL) WY125 mL=MAHEE R TR E TR (24/NE)) » BRE0RE f524°CHI
WI4ApH £56.45 » CEFERTE IR BR DABE O ETTRUR T BER R E 2 TR RS 4 LAZ ST i s AR
T FASEETHEREIMPS. VT4 0T 1B ITER (R8) WKiZERESHEIE (R9) 75 —[&
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ZIAA BT
Y = 63.74 + 7.40X; + 5.09X, — 17.18X2 — 8.92X2 + 3.15X, X,

$ifr s AR (X,)~ BEEHEAL (X, ) - —IRITERE (X2) A TRREEHER) (X}) (VS MAARERHE (P
value<0.05 ) » {E e B R ZL V)2 It ARV AC B AR B (XX, 0 Pvalue=0.1161) o [REEHE L
RIZEHUIAY Ol B Al e Sl (o] e i T = 4 ([812 ) » S5 5R80 » RSN BERe 0V = i B A BIIREARE
SpatiEp o RBAREREET I AraS R - TS FE VR EL R REZE IR R 70 B 5 11.2%H18.4%0 » 2 1ikRS
77 W] 72£65.01 o/ LAY (Ol FEFUNIEER (ARG F I TROME R R MR e T 2 EE e AR FE oA - BRGE REUR SIS
FETE F564.79 £ 0.24 o/ LEITIEAHEHET - B2 EH0.33% « - I REIER AR ERBEIE (G

(R?) - fER*=0.98MY&RE 7K » BERARE A A G « Seniifses » (ERW. cibariataEEYE
MRS EARIEETEPS A > I &2 Al 9.8 (W cibaria ) ,25.66 (W, cibaria27) F136.4 (W, cibaria
MG1) g/L[H » BFEBRIE A HE - Q0FR 10577 < 2807 » MRSHYAHEEHE H A5 » {E5 7F FEPS
AEBEARABALBKE - A5t » JMIEERW. cibaria 270U B LR R AR AEZEEPS » FRESR
ATEETT264.79 + 0.24 /LB SR RiTSURNEE F & 7H 6% E MRS BLAHLL » EEE T & HEY2.5f/ (&
10) - FEFHELW. cibariaMGIRIW.cibaria 8% » FER 53 R P = 1.7 TRI6.64% » 158 Bt {5 7R S R AR Y
VITIREAEE B2 gl - R a A p RS B H A A BB -

(18) sad

W2 =R 6 WEREBIES $3% 5 Woibaria 27 % # 5 A § g 55

% 6 # ** Central Composite Design 2 ¥ % ¥+ X+ & #

BERTFRE
BRET -1 0 +1
REHE (%) (X1) 5 10 15
TERFZEELY) (%) (X2) 5 75 10

27 #* CCORFRABRRBR 4%
EEAR  BERE0(X)  EBRERY%)(X2) SEREEEQL)

1 15 5 35.31
2 5 5 28.71
3 5 7.5 35.99
4 10 7.5 64.24
5 15 10 54.13

(ME#)
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HERGHA] BERE(0)(Xy)  EERIFEH%0)(X2)  SMRERAEE (/L)

6 10 7.5 65.74
7 10 10 56.31
8 15 7.5 54.62
9 10 5 50.82
10 5 10 34.94

%8 A2 HIAw > L4547 (ANOVA)

Source of Sum of Degree of Mean F-Ratio Prob>F
variation squares freedom square

Model 1545.12 5 309.03 31.21 0.0027
Error 39.61 4 9.90

Lack of fit ~ 38.49 3 12.83

Pure error 1.125 1 1.13

C. Total 1584.73 9

39 BAALEIY KR

Factor Estimate Standard error P value
Intercept 63.74 1.88 <0.0001
X, 7.40 1.28 0.0045
X, 5.09 1.28 0.0166
X2 -17.18 2.06 0.0011
X2 -8.92 2.06 0.0124

X, X, 3.15 1.57 0.1161

%10 2 pt¢ W.cibariafjph 7 i it T 13 g et S A £

BT MECC)  pH BRE EPS EE(g/L) SRR
W. cibaria 27 24 6.45  8.A%MERIZEEIYI+11. 2% 64.79 N
W. cibaria 27 22 6.2 MRS+6%j:F f 25.66 [22]
W. cibaria MG1 30 ND MRS+10% ff# 36.4 [24]
W. cibaria 37 7.3 MRS+8%jiF 9.8 [12]
B~

SMRINIEREZ - TTERE R - BRI S - W.oibaria 27 2 —bRAT# MDA BEE S
BERBAOTLREE - B THRASN SRR EE R - PR LR BRI W cibaria 27HUEPS A EE (K
PR BT AR L I BT A - BB FLBEUR W cibaria 27 85 Hi 2 FEEP S B EE24°CRIFIApH 6.45 -
T 2 2 L e P LL 2% R SERENUYIB.A%08 » S5 RTE BT 6479+ 0.24 gL - BRSGAT CBRBIITER
BB A RALE (W. cibariaMGL; 36 g/L)  [25] - FEREEHH1T7H% » SR - (5 b LRk TSR
ST R RS BRI B AP - FRAR » AHRSESRIATLIL W cibaria 2748 & S Mg 7
S AR SRR R R AT T b S
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