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HoPSs) ) Fft fitd 4 Z2 451, B 2% 22 05 1 A 7= /K O 3% ik
XTI 2 0. 24 2004 S 400 0 A K AR
5, P I 52 A B AL (AR R R T )
KA Chn i 1 pH (BRI 8070 FKG 35 B i) 45 22 il R 36
SR [ 22 W g 2R A R 2L R T A A
B % AN 8 8 2 R LAIRAS e K EPS 7= 1 Is-
mail Al Nampoothiri'"' 5% FH 5 £k (1 K5 7% 5% 1 A 1k 3L
MR h a8 TEas 1.2 g/L 2« ZH . Kiessling 25§
Bt Ak 5 % 7 R BB € RR S EG B A 0 4 2 M 2 o
72 R0 2 LM A AR — R 2 2 L (ER 4R BT
A JE A B T LU Ak M Ak 22 0 0 B R A5 0E TR
EPS /- Ju h H %,

AR 55 DL AR A P Bk €4 BR SCIC T Cp2 EPS
SRR G 2R A TR 2 O Ak R R R A R
W€ Cp2 EPS & & (19 J7 I, Jf 0 % ) 1 B 15 % Cp2
EPS 8k B IR i T R B IR IR R R A iR
E UGS Bty b ) FH e 7 TR 0 £ A0 By R SR AL 4y I T
Cp2 EPS W 5 J5 1 Mo 3% 5 5, Ry Jia 20 i o 22 H
14 ) R ATF 5 B T 2 R FH 08 43 5 B R 2 0 S il

1 #RFTTE
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Table 1 Formula table of culture medium

HE 35 3 44 FR 71 g
ARES0g EHMK10.0g.NaCl5.0 g Bifl§18.0g. /K 1.0 L pH{E 7. 0~7. 2.
FEF TG B FE 3 (NA) SR R pH VAL F Cp2 BT b
121 *CK B 20 min
4 20.0 ¢ K.HPO, 1.5 g Bl 8: 1.5 ¢ 8 =% 15. 0 mL 28187k 1.0 L ,pH
SEBHAE(Kp) O VRE008KHPOL 5 g BIREEL S g WERELS. 0 ml. AR T
7.0~7.2.121 *CHKH 15 min
1.1.2 KA ZKBy B  JCK B WG R  h [H BEO.1 g A E 100 mL W2 &, Bl A% 1 mg/mL
72 B 4t B4 s T 2 VA R, FEORE % & 0. 10,2030, 40 i

1.2 RWFH*E
.21 MEBRX KB Cp2 st 3B RR ¥
—80 CIRIRARAE Y Cp2 T fk 2 Fh 2 NA , 76 16 i 55 37
P 28 “CfR) 8% 9% 48 h, FH UG B /K B i R BV, O B2
P 2 %6 4 [C B B 92 Y 250 mL #EJE A, 30 “C i
HE (200 r/min) 55 35 2 d 15 8 Cp2 W& W . BUE &
B 4 °C, 12 000 r/min #5.0> 20 min, B FVE R, A
CWE(3FEAARTR 9526 VKR £ 1) #r & 12 h, B0 MR BT
IR, 4 CIRAE &,
1.2.2 M EBK KB Cp2 sk % 4 2 F % 69 4k
e Z BRSCHR[ 19 ] Ay J5 ¥ fdE 1T B A 7E 200~900 nm
T S B PN R AT AT 0 S T R T R R
M3 Cp2 EPS ¥ ¥ s f5e K4 I K

e b3 75 vk 43 0 E N 6 5 0F R K e TR) K
T BE R M TR 3 5 R I A R VR R A R T
i R 1A B ) Cp2 EPS ¥ W 1 W't B (B, B 22 5 A 3 5
PRI 2 R 22 7%

Cp2 EPS W & J7 12 (0 P74 - Bk S0 20 (49 TC /K ] 4

50 mL AR ME I 2 100 mL 25 1 i o 45, a2 e 1)
G bp A A B, AW 8 0.0.1,0.2,0.3,0. 4
F10.5 mg/mL, I DL A 5 28 18 7K R 25 11 % IR 22 1l 4 244
b o 2R, I L A O T A IR 3 R AR A TR vk U
Cp2 EPS 7 & B (42 M L R KG9 B2 e I o
4R RN 19 Cp2 EPS ¥ Wi 4% AL AL 5 19 s A0 2 4%
PFHEATIN A2 , Cp2 EPS 7= & 19 1H 5 7 18: 2 i A 8 %
(4 75 % R R W W it K b ) OD (AR A 2655 5 A o
4 iy Ze vk [ml 5 Jy # v, 1155 Cp2 EPS & £ .

1.2.3 MEBRLIKHE Cp2 st % 4835 7k AR I E 4
a i Cp2 EPS 3% 5L 415 (0 Ak - 75 42 IR B 55 3%
SE SE R B 43 AR IR 25 5% 6 i S [l A e VR (T 46 i
FEME T 22 2R VE R FLME ) RO R v BE (5. 0~
25.0 g/L) SR A Y 008 (B IR A8 IR R RETY
KGR IR B ) S A A e BE (5. 0~35.0 g/L) .4
Tt A ] B %% o6 & (MgSO, . MnS0O, . FeSO,.CaCl,) &
AN A B2 (0. 5~2.5 g/L) & F T Cp2 EPS j* & iy 4%
k., B 1 1 o A 0 35 FE 4 4
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e a5 ny BE a1, 2% 28 [m) 15 57 1R B2 (25,
28.30.33 135 °C) A & Bk JE (50% .75% .80% .
95% ) Ml L B (1~54%) 4 3 F Cp2 EPS iy 7™ it
1 2 Fe t Cp2 EPS A 15 57 KRB A
1.2.4 MEBKR K E Cp2 st % 4835 7R A 41 5 69
JooE A B TR R P R e iy LA b R R
TR BE (A VRUR VR FE (B) I 8 o8 2 vk B (C) Ay i) i
A2, EPS =& (Y) A , 5% B Box-Benhken ¥ 1t
3R 2 3K By B i i 48 X% Cp2 EPS (9 15 77 3£ 41 43
AT (£ 2) .

F2 BERNXKECp2iastEiEEFEHS MR
UL EREEKFE
Table 2 Response surface optimization for test factors and

levels of Erwinia persicina Cp2 exopolysaccharides medium

components
22 KA
—1 0 1
A BRI/ (gL ) 15 20 25
B ABHKE/ (gL ") 20 25 30
C T RRE/ (gL 1) 1.5 2 2.5
H A A5 B B - R b3 D A Y e £ B R A
i B IR R R ORI A O B MRS O i ORORS IR 4 L Cp2

EPS, i [ 1. 2. 2 v 590 5 J5 ¥ R iH 3 05 ¥ 15 th A4k
J& Cp2 EPS By =4,
1.3 HESH

AR 58 i ] Excel 2019 17 £ 48 70 8 g B, o
H Design-Expert 11. 0 %4 %} Box-Benhnken %) it % 45
FHEAT 43 AT, FH SPSS 26. 0 48 3T 40 8 B4k A7 B R 2%
77 253 Bt (one-way ANOVA) , H 45 5 LIS Y {E + b
2R .

2 HER5H5MWH

2.1 BEEEIKE Cp2 S HENEHENMRL
2.1.1 mRBRME K HE  HE LA, A 200~
900 nm ¥ K 70 N BEAT 0, 50 2 I B IR 12 A1 AU
B R 125 0 2 Cp2 EPS W W A Jie K WL AT 06 A 43 501 H 2R
TF 490 nm 1 620 nm 4k .

2.1.2 MEKRILKHA Cp2 Aot % 40 & 7 & eg 4k
o SRR EY B FR 5 I 2 Cp2 EPS W Wi, i %5 0 £
ERF R] 14 2 K, IO B A 52 B T R B # L 7E 20 min

160 - A:490nm

DI
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E1 2fAREFAENE Cp2 EPS B il B IR S % =
Fig.1 Absorption spectra of Cp2 EPS solution determined

by two methods

RF IR ' B A 3K 3 e vy L B S 728 T B (18 2-A) s B
o 5 B A Ok B R B T
100 “CH W ¥ (H 35 8] f K H 2 3 /T H AR E (P<
0.05) (&l 2-B) ; 2K Wy Joi &2 43 BOFE 500 AR WO B2 25 Bl
A A By I it B 3G T b T, 596 B WO B A RO,
BE 5 TR (B 2-C) s Ry JH i AE 0. 4~1. 2 mL {u Fl Y,
BE 25 K By F R A 38 0, Cp2 EPS 15 WA W ' B {8 52 PR
STt G Mer S, HAE 0.8 mL ik 8 i K (K 2-D) ;
W R R FUTE 5.0 mL Z W, OB B & R8I 35 1
(P<C0.05),5. 0 mL F & i 3k 21 To0 0 |, Bl J 22 15 3 =
EAREE(E2E),

BECHR AR R 1 0 5E Cp2 EPS ¥ W , 75 40 min P4 B
A ] O S BB e B TR R R
FE#, IFTE 10 min I O AR 2 2w T HA K (P<
0.05) (&1 3-A) 3 AN [m] 5 B2 6 B Ak BT, Wi O 88 {1 2 B
W B T S e T S B R A AE 60 C IR A e 0, 3
v T H A 4 R AL B (P<C0. 05) (&1 3-B) ; BB & 2
PRFAE 1. 0~3.0 mL P, WO B 25 B 5 FH i i 38 2
PR KA (P<<0. 05) , IF7E 3. 0 mL i ik Bl 5 K
WA 0. 90£0. 10, i 5 2218 T R (181 3-C) o
2.1.3 Cp2 EPSM & 7 ik 4% HEEFIRE (K4
A) BT 2 12 (11 4-B) 22 i o o iy 206 75 1 1) 2 [l
U595 72 43 51+ y=6. 43362+0. 028 7(R*=0. 999 3),
y=7.1143240. 063 4(R*=0. 996 4) .

H L5 AT SR I s vk o A R ORS 9% RE A
FE—E 250 o R e ME 25 0 R R B 6 R vk 5 I A
M2 ¥ 72 60 min N 9728 5 2 8000 0y 2. 88 Al 24. 32, I
DA TR At TR 1 114 0 8 A A I L TR 1 KL R AR 2%
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Fig. 2 Absorbance value of Cp2 EPS solution under different determination conditions in phenol sulfuric acid method
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Fig. 3 Absorbance value of Cp2 EPS solution under different determination conditions in anthrone sulfuric acid method
400y =7 114 3640.063 4 . JINF IR B R 15 9 00 5 45 R (RSD) 1. 89 %6 (% 3) .
N B S By R 1 0 52 Cp2 EEPS 6 343 163 i 3¢
- 100. 13%, K T & B & R % W & 1 45 2R (RSD)
A
S 2007 526,133 6x40.028 7 99. 875, JF H 7% B 6t B2 15 N %E Cp2 EPS fY S Al e
ool R=0.9993 FHMX R 22 (RSD) 0. 37 %6 /N T B B 1R 125 1) 1k 26 295
J(RSD) 0. 71% (% 4).
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Fig. 4 Glucose standard curve

K 4% B2 A IR 5 R R I AR

TR 7k I Cp2

EPS YK %% B A1 8 B0 PR AR XF b R 22 (RSD) 1. 16 %

e U8k V€ By B Cp2 EPS =it Al 3k (1. 2040. 05) g/L,
23 (P<<0.05) fm T HABBRIE (K 6-A) ; Cp2 EPS = 4t
S5 B A5 VE B R B O 3 0 T 2 T (P<0.05) {1 Y
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—— BRI VE W Y R 20 g/L i, EPS 77 ik F) (1. 7940. 10)
150 ¢ —A— BRI

L g/L, Z 5 i KON B 3 (B 6B) 5 BT L 20 g/L

f”’ Shy i i L DE M VR EE
2 0% | Cp2 EPS B 35 4 41 43 #y Jit £ S0 K 52 14
060 | L\\\}\\\*\\\ﬂ H 7758 (0. 600.03) g/, % & T H b &K (P<
oo | 0.05) (I 7-A) 5 i 3 K &8 H PR B T, Cp2
EPS 7= it 2 e TH 5 B 78 25 g/ L I 3k ) e K
o0 0 20 40 60 5 (0.714£0.09) g/L(E 7-B), fr A 25 g/L W fc i B,

I [/ min (UPNER: 4 S 7371338

B 5 FHMWEEZSEMMEENE Cp2 EPSTE MR LI VS I 4 B R [ 3808 9T 2 (MgSO, . MnSO, . FeSO,
Fig. 5 Comparison between phenol-sulfuric acid method CaCl,) 4k ,Cp2 EPS 49 e A5 B B 1 e e L o

and anthrone—sulfuric acid method for the determination of

MgSO, i % & T H 4y 3 Fp il i oo % (P<<0. 05) (& 8-
A); HY MgSO ¥ FE R 2.0 g/ LI EPS 7= 4 ik 1] 5 i
x3 ABHmBESEMBEZNE Cp2 EPSHEZEMEUMEMLE
Table 3 Comparison of precision and reproducibility between phenol—sulfuric acid method and anthrone—sulfuric

acid method for the determination of Cp2 EPS

Cp2 EPS stability

IRES EPS %t /(gL 1) - E{E R X A 90 AR 22/ %6
7 19 B R 0.222 0.222 0.217 0.219 0.218 0.216 (0.2194+1.03) xX10"* 1.16
JECTR i PR 0.094 0.096 0.099 0.098 0.098 0.098 (0.0974+0.75)x10"* 1.89

R4 FTHEEESEMEEKENE Cp2 EPS B R M L&
Table 4 Comparison between phenol-sulfuric acid method and anthrone—sulfuric acid method for

determining the recovery of Cp2 EPS

IRES AT RS R /mg bRk /mg KRIE/mg PR/ SRR/ Y AR AR A 22/ %

1 0.17 10. 00 10. 20 100. 29
A T B T 2 0.17 10. 00 10. 14 99.71 100.13+£0. 21 0.37
3 0.17 10. 00 10. 21 100. 39
1 0.17 10. 00 10. 11 99.41
TR B 1R 1 2 0.17 10. 00 10.12 99.51 99.87+0.41 0.71
3 0.17 10. 00 10. 24 100. 69
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Fig. 6 Yield of Cp2 EPS under different carbon sources and their concentrations
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f(0.61+£0.01) g/L, &
<<0.05) (K 8B).

2.2.2 Cp2EPS® AR EHGMHLA HIFFIEE
TE 25~30 “CH}, Cp2 EPS % 7 5t & L 1 32 Wi 34 fin 1) s
P AR RIS 2 7E 30 "Cik Bl i KAE (0. 52+

0.70
0.60

i T A 4 AR B SR A (P

A

a

=

050

040 + c
030 +
020 +

e

EPS/= 4/ (g+ L")

0.10
0.00

TR iizEn LRIA7N FALES
Rt R/ (g L)

0.05) g/L; 4R JE#E 3 30 °C, Cp2 EPS Y 7= B I i |4

i, 7 35 “CHE ™ Wi it 3 N FE8 (0.32£0. 14) g/L(P
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Fig. 8 Yield of Cp2 EPS under different trace elements and their concentrations
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Fig. 9 Yield of Cp2 EPS under different culture tempera-
tures
FE AP B B2 AR B2 AL BT B % £ v B 1 I
Ft.Cp2 EPS & A2 T+, HAE 95% i i 3% & T
AU BE (P<<0.05) (& 10-A) 5 il %5 2 B 1A B 389
EPS [ 7= it i Wi 8 m, in A =2 5 R B B2 5 L, Cp2
EPS & & I & # in (P<<0. 05) , i J5 # F - f& (& 10-

) ERE A R b, 2R 95% & ST RN
?’ﬁéCpZEPSo
2.3 #kEBEXXIKE Cp2hash & tELE 75 & 4H 4 59 5
ER X5

2.3.1 v @ Box-Benhnken X & 25 % M i [ 8 46
) BRI s R DL 5, R 5l
K JH Desigh - Expert 11 #f 47 W A [fii Box—

Benhnken i 55 , 15 21| (4 B €8 Kk SC B Cp2 Ml 4k 2 4 7=
0T W 7 PR 3R 8 Rk 2 3 [l E T AR O

Z = B (Y) =1.48+0.2055A—0.0137B+
0.0475C—0. 1071AB—0. 0324AC+0. 1324BC—
0.0321A%+ 0. 1578B*—0. 0254C?,

M 3 1A 7 R R R A P <<0. 000 1(#: 2 ) , %MW
AR AU PAE 0. 101 6>0. 05K B3 ), W
IR 22 5N e R R'=0. 984 7, 3 W] A5
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Fig. 10 Yield of CP2 EPS under different ethanol concentration and volume

x5 MERXRKECp2@iZEEFREASPIMEEALREZITRE

Table 5 Response surface optimization design and results of Erwiniapersicina Cp2 exopolysaccharides medium components

s AR/ (gl ") B:ARWIE /(gL ) C:fuT e/ (gl ") EPS 74 /(gL ")

1 15.00 20. 00 2.00 1.27

2 25.00 20. 00 2.00 1.90

3 15.00 30. 00 2.00 1.52

4 25.00 30. 00 2.00 1.72

5 15.00 25.00 1.50 1.13

6 25.00 25.00 1.50 1.61

7 15. 00 25.00 2.50 1. 30

8 25.00 25.00 2.50 1.64

9 20. 00 20. 00 1.50 1.74

10 20. 00 30. 00 1.50 1.39

11 20. 00 20. 00 2.50 1.56

12 20. 00 30. 00 2.50 1.74

13 20. 00 25.00 2.00 1.51

14 20. 00 25.00 2.00 1.47

15 20. 00 25.00 2.00 1.46

16 20. 00 25.00 2.00 1.49

17 20. 00 25.00 2.00 1.45
98. 47 % IR 55 B Tl A AL R RS AR S RE(CV) Cp2 EPS, il i 3155 H = 18 2y (2. 05+0. 38) g/L, Al
2.36%, £ PR 2Z /N, WA C,ZH LR (0. 4440.03) g/L K T 365.91% , 5 #i il {4
AB BC M R B X IS0 45 R B A 520 (P<< (i 25 1. 432 , 150 WL ASE B0 AR 454 U Cp2 EPS (Y
0.01), HApRmxHA I 45 R A 8% . h FES i
B 7% 3 21 43 v 52 e k£ R I&@Lpzﬂﬁ&bg*ﬁfﬁi N

3 itie

V14 A1 28 IGE P Ay Al Y8 vk 38 > 1 ok o 28 VR B > R VR
2.3.2 vk @ & Box-Benhnken X &4 £ o4 {Hi
Design-Expert 11. 0% il = £ ua )37 1 [ #0155 m 2 18, &
wm I35 0] B A, 38 BAR AR B (E 11—
13) . il it AR G 5 R4S ) e A 3 SR B2 4 T
T Mk BE 25. 00 g/ L VAR FE 20. 00 g/ L M & IT R
W 1.50 g/L, H 1l 24 7= 4 2. 021 g/Ls

2.3.3 BiEX%  FIHRAL S Y 5 08 30 B R SR

3.1 2777 ENE EPS B X L &3 47
A2 6 SR A B 0 R 1k A U RS IR A Rl |
HET MR A A R RN SRR LRI T Cp2 EPS WY B
e 2 2 5% K 0. 8 mL MR AR AR 5. 0 mL ., & 1
IFIE] 20 min F1E (40 B 100 °C. % 0T 58 45 5 5 5K 1 1%
SR A 0 v T 22 W A B R I Y 5T o BORN
St PR R — 3, BN TR RV A R P i AN TR] . 4 DA B
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Fo6 MEAMIKEERTESN

Table 6 Analysis of variance of response surface test results

J7 24 -7 Al A df 5 MRR 2% F{d P{d
LAY 0.586 4 9 0.065 2 50.19 <0.000 1"
A 0.3379 1 0.3379 260. 33 <<0.000 1"
B 0.0015 1 0.0015 1.15 0.3183
C 0.018 1 0.018 13. 89 0.007 4™
AB 0.0459 1 0.0459 35.37 0.000 6™
AC 0.004 2 1 0.004 2 3.24 0.1151
BC 0.070 2 1 0.070 2 54.05 0.000 2"
A? 0.004 3 1 0.004 3 3.35 0.11
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Optimization of the method for determining

exopolysaccharides and culture conditions of

Erwinia persicina Cp2

JIA Qian-ying,ZHU Huan, LI Yi-juan,ZHANG Feng-qi,ZHANG Zhen-fen"
(College of Grassland Science , Gansu Agricultural University Key Laboratory of Grassland Ecosystem , Ministry

of Education/ Pratacultural Engineering Laboratory of Gansu Province/Sino-U. S. Center for Grassland

Ecosystem Sustainability, Lanzhou 730070, China)

Abstract: [ Objective] To determine the content of exopolysaccharides (EPS) in seed —borne Erwinia persicina

Cp2 present in alfalfa and identify its optimum culture conditions for achieving higher yield of EPS. [Method] A

single — factor test was employed to optimize the determination method and culture conditions of Cp2 EPS. [ Result]

The optimized conditions for the phenol—sulfuric acid method were determined as follows: maximum absorption

wavelength of 490 nm, color development time of 20 min, color development temperature of 100 °C, phenol mass frac-

tion of 5% , phenol dosage 0. 80 mL, and concentrated sulfuric acid dosage of 5. 00 mL. The optimized medium for

Cp2 EPS production included soy peptone (20. 00 g) ,dipotassium hydrogen phosphate (1. 50 g) , magnesium sulfate
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(1.50 g) , starch (25.00 g) , distilled water (1.00 L) maintained at pH 7. 0~7. 2, sterilization at 121 C for 15 min,
and the enrichment culture temperature of 30 °C. [Conclusion] The results revealed that the phenol— sulfuric acid
method was superior to anthrone— sulfuric acid in determining the Cp2 EPS content, resulting in 365. 91% increase
in Cp2 EPS production compared to the previous method. This study provides a theoretical basis for the functional re-
search and product development of Erwinia persicina strain Cp2 exopolysaccharides.

Key words: Erwinia persicina ; exopolysaccharides ; optimization of culture conditions
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