547 % 5 124 i Tl B Vol. 47 No. 12
2026 4F 6 H Science and Technology of Food Industry Jun. 2026

BN, A B, BUZEAR, AF L L2 A5 AR TR R L A4 & TR T2 ATSE (0], ' Dl B, 2026, 47(12):202-213. doi:
10.13386/j.issn1002-0306.2025050085

HUANG Yonggang, YANG Zheng, HE Yisen, et al. Optimization of Fermentation Process and Drying Process of Yam Probiotics[J].
Science and Technology of Food Industry, 2026, 47(12): 202—213. (in Chinese with English abstract). doi: 10.13386/j.issn1002-
0306.2025050085

- TEZEHEAK-

IZhs WA T AR TR TP

HEA, 8, HEER, R, EILE, Kk M5k =4, FIE, 85K, 28R, M
(12T 72 EIRARR B ) 3 ZJEIRS-F8, 7T %2 071000;
2R AT TAESE, FTALRE 0710005
3.7 AL B AR TR RSP, FTALERZ 0710005
A4 A2 T AL AR, T ALRE 0710005
5T LA KR F A GFF 5 AL TSR, FAHRER 056000)

W OB AR AR AL G AR, BAEMIATE (Lactiplantibacillus plantarum) 34T KB, vOL b & 69
B A AT IFNF D ANAT, BIHABIEARATERF LR S50y @R RE, TR KL RERLHH
IEAH. RRARTE. RE T, SOl FRARRTFESS KB B# T8, AKFEE. BREL. 4
AHF. BEMAE. LERAE. HRATEAEHHILER 7 @t va sy TR X4 %0 5 4 8 K80 H %R
HATIEN, RBRES KB LB TRAIHO T, %4, ABELBOREHELENEEE 2%, KB
48h. KBEE 37T C, WHABLATHETAARSFANEARSORETIFNAS, 944 9.071g (CFU/mML) #=
91.36% . HABRRKHETALEE LA T 54, &S50, L&, RHLEH (Resistant Starch, RS) #4%
(P<0.05) , RIE T AR FE AR Li4 (Rapidly Digestible Starch, RDS) #94% (P<0.05) . A& T EH£49
LAk s MR, RETHRAZ, MEATRHIEVLEREAARSGVESHPLXREE, BLLLZTHEK
LEPSELSE, RETHRARNTFRETREASORHAKREARLGHTHRALR, BT R0 BR,
b, SARABMLGTUARERI LGSR, O TR X b A& TIREARE T4k T ROL T4 # R T
BREASTHARKBLBHGH &,

KEERE: L2, SRR, R B, T, TRIY

HE 4> 5:TS205.1 M kkRIRAD: B M EHS:1002-0306(2026)12-0202-12 5
DOI: 10.13386/j.issn1002-0306.2025050085 AT A e

Optimization of Fermentation Process and Drying Process
of Yam Probiotics

HUANG Yonggang', YANG Zheng', HE Yisen', LI Jianxing’, PANG Yaxing', ZHU Ye*, ZHANG Liang*,
YU Yajing*, LI Zishu', HE Zhaoran', HAO Guangfei®"

(1.Baoding Beijing-Tianjin-Hebei Modern Agriculture Collaborative Innovation and Development
Service Center, Baoding 071000, China;
2.Baoding Seed Workstation, Baoding 071000, China;
3.Hebei Province Baoding Agricultural Machinery Safety Service Institute, Baoding 071000, China;
4.Baoding Academy of Agricultural Sciences, Baoding 071000, China;
5.College of Life Science and Food Engineering, Hebei University of Engineering, Handan 056000, China)

Abstract: In this study, Baoding Qishan yam was used as the raw material, and Lactiplantibacillus plantarum was inoculat-
ed for fermentation. With the viable count in yam powder and sensory evaluation score as indicators, the optimal fermenta-
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tion parameters for fermented yam were investigated via single-factor experiments and response surface optimization experi-
ments on fermentation process parameters. Subsequently, fermented yam was powdered by freeze-drying, spray-drying,
microwave drying, and hot-air drying. The quality of probiotic yam powder prepared by the four drying methods was
evaluated based on moisture content, bulk density, polysaccharide content, total polyphenol content, total flavonoid content,
viable count, and starch digestibility, so as to select the most suitable method for drying and powdering of fermented yam.
The results showed that the optimal preparation process for fermented yam was determined as follows: Inoculum size of
2%, fermentation time of 48 h, and fermentation temperature of 37 “C. Under these conditions, the highest viable count and
the highest sensory evaluation score in fermented yam were achieved, which were 9.07 1g (CFU/mL) and 91.36 points,
respectively. Probiotic fermentation could significantly increase the contents of polysaccharides, total polyphenols, total
flavonoids, and resistant starch (RS) in yam powder (P<0.05), while significantly (P<0.05) reduced the content of rapidly
digestible starch (RDS). The quality of yam powder prepared by freeze-drying was the best, followed by that prepared by
spray-drying. Although yam powder prepared by microwave drying had the highest total polyphenol and total flavonoid
contents, it severely reduced the polysaccharide content in yam. Microwave drying and hot-air drying, while drying the
samples, killed a large number of probiotics in yam powder, thus reducing the quality of the final product. These results
suggested that probiotic-fermented yam could significantly improve the quality of yam, and among the four drying methods,
freeze-drying and spray-drying were more suitable for the preparation of probiotic yam powder compared with microwave
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drying and hot-air drying.
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Fig.1 Effects of inoculation amount on viable count

and sensory evaluation of fermented yam
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L2 P LR B B R X R BT AR 2R . Rk, e
KIERTTE] 36, 48, 60 h HEATHA N FIaEE

2.1.3 KEREEXTEEILZGG AR gl 3 B
TR, AR R R I ER T, AR T 0TS TR OB E TP
MAS St B D S e v kA A, Y R L
Sk 37 °C Bk, BRI B RO = B B PN AR S
43 3)3i%% 8.98 1g(CFU/mL) F1 88.25 43, WifE 31 °C
F 43 °C AT, BES TE RECFUEC B PRI 1545338
AR, X AT RRR B AR E  AR X A i i A e
AT AR o ELART MR BT LR A A A G
By R R B W . AR, LR 4
i PN Bt ) 3 P AT, BRI 3 T [, SN
BOHAR R ORI, AHRIRT R ] PN 76 B 2T
AIRLEE S 2R, (A A i AU ST R 3R 3 54
%, S B E P B SRS R, &
PR T BRI R LI B AN I PN il 5 2R 1 R 2SRl 2
4, FHLEIE R AR BRI RS, 1t LR pe A 1 sz 2
il AT, SE SO S P E TR, R

Tk B Sk v B AR T A I L 24 T LR B i A
KRR T RLUR . BRI, vePR & BRI 34 37,
40 °C PEA TR R T

2.1.4 RIEILZG T 2P0 B T ah R 5 0y 25 53
KWL 2 T 2 Ak 3 GG 25 R LR 3, 254307
ZEHULER 40 MR 4 1950 FTas L, LINE A (Y ) Fil
B PP AR 53 (Y ) VE N PEFR AR, AL S [l A5
KU 7 AR S P e i 3 M (P<0.01), T R FEL3T
VIR R B B 3 P22 57 (P>0.05) . HUAARTH, Y, 19
DE R EL R D 0.9903, LS PR E REL R
0.9779; Y, M B E R R* ol 0.9912, i #& J5 1Y)t
FEFREL R? 4 09799 IXBERA R VIO HAT KL 4T
MG EE, I Hsva A Bom n T . 2
SyAT P AR AT, LELIRE SIS T ECH PRI FEPRET, —Ik
i A B, C AR IR A%, B>, C* X b {H 42 B

3 RBENZ T2 1 e B B 4k R

Table 3 Response surface experiment design and results
of fermentation yam process optimization

K1 A7 L1 A 8 (A it P B XU B TR 5 i S5 R e Y IS A VRIS ()
SURRAZHIL, PR AR MR, T L, tTOA B C gerumety)
1 0 -1 1 3.88 86.12
92 THEAEL 2 0 0 9.01 91.50
BEE |00 3 0 1 -1 8.89 85.70
= ab 4 -1 0 1 8.89 85.50
2 90 N 80 2~ 5 0o -1 -1 8.90 84.63
2 3 pat 6 1 -1 0 8.87 88.13
O ssled 60 R 7 0o 0 0 9.01 91.00
) 40 i 8 0 0 0 9.01 91.75
= & 9 -1 0o -1 8.92 82.25
- 20 00 0 0 9.02 91.88
’ N 11 1 0 3.88 86.87
8.4 A 0 12 -1 -1 0 8.92 83.75
U 13 0o -l 8.89 86.10
KERE (°C) 14 o 1 1 8.85 86.08
B3 AT e o A e L 25905 o BSORUE B B A 52 ) 15 0 1 8.84 86.57
Fig.3 Effect of fermentation temperature on viable count 16 0 0 0 9.00 91.63
and sensory evaluation of fermented yam 17 ! ! 0 8.87 8745
# 4 [EIEERET 258
Table 4 Regression model analysis of variance
ERE SEJA  Hi B ¥y Fif PfE BEE
- Y] YZ Y1 YZ Y1 Y2 Y1 YZ Y1 YZ Y1 Y2
HLRY 0.0622 145.8 9 9 0.0069 16.21 79.7 87.73 <0.0001  <0.0001 o o
A 0.0019 9.5 1 1 0.0019 9.5 21.46 51.44 0.0024 0.0002 ok ok
B 0.0011 1.51 1 1 0.0011 1.51 13.01 8.15 0.0087 0.0245 o *
c 0.0023 3.91 1 1 0.0023 3.91 27.06 21.14 0.0013 0.0025 o ok
AB 0.001 6.15 1 1 0.001 6.15 11.08 33.29 0.0126 0.0007 * o
AC 0.0001 1.93 1 1 0.0001 1.93 0.9342 10.46 0.366 0.0144 *
BC 0.0001 0.308 1 1 0.0001 0.308 0.6487 1.67 0.4471 0.2377
A’ 0.0153 32.18 1 1 0.0153 32.18 176.72 174.19 <0.0001  <0.0001 ok o
B? 0.0176 21.07 1 1 0.0176 21.07 202.49 114.06 <0.0001  <0.0001 ok o
c 0.017 57.09 1 1 0.017 57.09 196.27 308.98 <0.0001  <0.0001 ok o
B2z 0.0006 1.29 7 7 0.0001 0.1848
He AL 0.0004  0.8331 3 3 0.0001 0.2777 2.14 2.41 0.2383 0.2071 PNTES PNTE S
alifRzs 0.0002  0.4603 4 4 0.0001 0.1151
pavill 0.0628 147.18 16 16
Ve R R 5 (P<0.05), " FR LGS L 5 (P<0.01).
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HIHR 2 52 (P<0.01), TAZ B AB JU| 8 2
(P<0.05)52MW . FELUBE PPN AR5 M FadRET, —
WL AL B, C DL ZRI A%, B>, C* F122 HIjl AB
o i )N B 157 3¢ B HE B S S5 RE ) (P<0.01) , 38 BT
AC FHLH 035 (P<0.05) 52, ilid FAET, LAFE
AT B BCR PP FRARIST, 25 PR 232 XS (1 s ) i AR
YRRy 2 BRI (C) >3 Fh i (A)> K PR ] (B) 5 111 LA
BB TP AR5 PP FRARIT, 25 D 2 M sE M AR EE AR IR
SRR (A)> R BRI (C)> K BERTTAL (B) o

2.1.5 &BzILZS T 200tk B AR BGIESE 8 38
JH Design-Expert-13 FA4XF SCI0E R I T504T, #fie
T gy Rl R AR T 2 S HCh R R 2.02%,
KPRERTE] 47.78 h, KIEERFE 36.95 Co RIS T,
SRS B Y 2 L2 G TR 9.01 1g(CFU/
mL), JEE T3S 91.56 43 M T TSR
EAE, B IR B WS TREE HERh i 2% . R
A 1] 48 h, REEFIRIE 37 C. 1EIZIL T 44T,
AT =R LU G UE, & B2 1L 2 v 3 B
9.07 1g(CFU/mL), BB P45 F4°h 91.36 43, 5
S HMEARY &, DA TiX T 24 1HE T L
2 R

22 AEFEAREEREABELGREIMER

2.2.1 AT a5 A vaUR 9 LL 2545 7K 433 i
E 4 fros, 38k PO AR AS [ RO s A L 24
IR A S R W 2R R (P<0.05) . HiAms
5T ERRAR BN L 258 K - B e BAIR, oF 5.28%, 4
KA EREAR B K S B B =, S 6.55% . TR T
T T HR kA8 B YK 43 & 5 43 52 6.19% F
5.68%. HSCHESE! FEMFSE BY T30 %) L 245 M5 55 I
A2 B e A5 20 I LU 2583 7K o & R 5.49%, AR5)E
52 Pan . FEULZPRIK &R 2E S R A
S PUFP B AR ) AR AR AR X ) o P AL
T s S S YRl SR A AT, K53 B SeA R R A
Pk ZE k&, T B0ER R R R I U B FE,
ST AT AE RS T PIS/K 43l R g3 87, et
PR SR AT U B GR, (F AR AR
THEEIS 2, SHOK S . MHILZ T, Mg
TR R S S s S, RIS

Ky E i (%)
R - S

WURTHE Wi T BT BT
K4 AR 25 o5 A o L2 R R 7K o3
Fig.4 Moisture content of probiotic yam powder prepared
by different drying methods

R G AR T 7K S5, SEBRE S PG T
Ko T ISR FASE IR LA AR i S2 B 145
P, AR5 TR AR B RIAE S K S B AR
IKG3E RIS EE S AT, DAAP TR A HE T mizs T
SR TR TR VR R TR TR

2.2.2 A[EE T 20AE AL TR R I LU 2458 MEFR 25 5
HERR R AR S B i i B S AR R DA 1 S b —,
e A R R O TS g B R .
&l 5 s, ik PORAS [a] T oAR fl iy Ll 24508y, H
HEFR S AP AE 35 (P<0.05) 25 5% . EUATT =, i+
PEREAT B 1 L 2By HERUR BE B AR, 4 0.503 g/em’s 1]
W55 TR A 2 10 LU 2Ry MERR 9% B de v, S 0.552 g/
cm’s R UR THR S BT Rk A5 21 1Y LU 25 8 HE R 25
JE 53 59°h 0.525 Fl1 0.540 g/em®, LEASHFFTH, L2y
B UL N T 5 7K 43t S S M MR B 19 R
Ko VAR TRR . SO TR B XTI S A s 2
TR 50 53 AR, JSoer N 22 5450, Bk, 7K
B HHERUR B 2 R IR . AL T,
T oE TRk RIS IR, ORI T 28 S il 5
MR B SRR N ER . HERR S B i AR R 53T, DU
AT 07 A HE T 55 T HR> ROV R T4
ST T4

7_
T I T .
ES—/
2,0
i
53}
=21
1_
0 2

WURTHR BT BT BT
B s IR0 =il o g AR A I L2458 F) SRR o R
Fig.5 Bulk density of probiotic yam powder prepared
by different drying methods

2.2.3 AETRI =S A W R B L 25 2 i S g AE
b ZWEVE D IL 25 b A SC RN M ST, B B
ARPE | SRR AT S0 foEEt | e P L K T
BB IR IS S R AR TS . nIEl 6 B, Lhighiss
RIS, F 2o i AR T, 16.15% W =
19.74%. X—IMGA] GIE N FLIR B R et A2 b
N EAEH: — 71, FLER R RRIE & I st 2=
HEEY; 55— 7T, FLIEL B AR iU BIS, 19 Aol i A,
RRUEAVEH TR e e &), (R EA S5 &
HBT . AR BTEE4S G i BRI, Bhni4e s r $R i 2
PEEED, ah, LR B A iR EE R S IR nT {2
BEZWRIIKIRE R AL, SEORSTT 2 WHEf N+
ZHHCO, BRIGEYESEDT R A T LA B . A LT
Bl A1 ERZENEZLAT Be 254 7 P P A2 BE ) = R TR 4T 3K
WA LI, —FhE By 2R BRAR2) £ A3K h
ZREN IR T BE T, Yang P%. Wang



478 % 128

BN, A L2 A AR L T RS - 209 -

S0V AN Shao SEU WIS SIWTSE T AR ZUAT B FIRE B
RIERT L2 Z2HE RS20, R R ) AN RT Ak
AR 2GR i) 2208 A, B RERENR L 25 2R 711,
I HAT SR RS TE . FEPURT T 0, YR
TG B2k 2 B, SRR AR L 22 A
B, RN UR TR BEA SR L 258 i 220
sz TR R BN, X 2 A T HER A RO
TR, AR T IR RS R AR . A
P2, e R aY L 2505 220 & i Ik, HU 5K
TREEHTK, 3K AT BESE A R Tt R A Y
FRILRE L, S ECE RS SZ A0, I T 2R AL
oM, B SR S R T IE . RS R A
AT, PUAR 4R T A HEE g v R TR 55 g
>FRRA RS T T4

20} 4 a b
_ d 7 7 7 <
2%15,7 7
Na% (&)
|
=
A\ st
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Fig.6 Polysaccharide content of probiotic yam powder
prepared by different drying methods

2.2.4 ANFETTEE DTS A TR WE LL 258 S 2 iy . A
WS EAR L 2RI Rt L L 25 T TR
AT, NE 7 iR, KR B AR &S TP Y B 2
BB S AR R T SR T, S SIAN 1.16 mg/g
Wn#E| 1.34 mg/g, 0.64 mg/g HHNF) 0.88 mg/g. X
Al RE S DN A R B R T LR TR AR K — S g5
1 22 My R B R A Ak SR i B A, DA 4 v LA s
PEU R A LIR B A T A R e A B RS T LIVE
TP IR FUTORNEEZS A 0T, RS i £
JREE G 2B A ETER . Liu 28099 7E4l R ZLAT
PRUATFIAC T+ T R B e A R R B, R EAL AT
DI HAC T o 45 & 2 B Z Il B AL i s 2
Z N, M REPE E AL T 22 Wy SR A B R SR A A 1T
Wi, #5BhZ W, BkAh, FLERR R ARSI R s
oxprh—SE LR . X B ML AT LA R R A R
B pH, M 22 1y Rl el i A 72 i FUREIC) . Yang
FERIO) ST i T v Z2 1 A MR R TSR R R, R
PEEAN AT AR o B i P A 22 1y, LA T e Y
PG TER AR EE, WA G N ot
JE IR REERETEHL AR AT 25 B W A, P 3Eems e
BYSTE . DURP T 2P R T R 25 1 9 2,
W AR BRI 5 R IS o S AR A, BB

Z2 1 R TR () £ R X P R R G S T B 2R
A AL 2R B TR o AR TR Y R 2 T AL
T ) 535 (P<0.05) vy T A TR 7 =, Ho 5
(P<0.05) & T A5, i5%] T 1.51 mg/g 1 0.95 mg/
g, X AJHEAR H TR TR A e AR e AR 1 i TR AR
T4 M RETT, T 4 A PN %) R RN 22 T TR S ) BT L
Ko DB FILE TR B 500 AR BE 53 AT, DORh TR
FOHET O T R TR o5 TR HUXU T

187 mm B 12
L6 R o R a Lo
2 a 1 1.
5 14 bb b bi{ =
212 108 €
i 1.0 b
= 0.6 =
i =
8 06 043
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0.2 [
R
S S
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MW, SR
Fig.7 Content of total polyphenols and total flavonoids
in probiotic yam powder prepared by different drying
methods before and after fermentation

2.2.5 AN[ETER O 2k AL TRUR B9 LU 245083 19 15 TR B
MBI G PR ECAE A AR TRy = as AR TR R R L
2853 A I TR BN I S (] 0 TR B AR AN 1] 8 TR,
TR T 5 R T ] 25 10 LU 2458 0 2 07 TRTESCOU ik
RTPEHRTHR G W5 T4, HrP iR TR A TR
gk 8.91 1g(CFU/g) (8.11x10° CFU/g), M55 I
FAIRT LA BRIRRECE R 8.82 1g(CFU/g)(6.56x10% CFU/g),
M3 25 T-RAE W IS TRV R TH0Y 80.89% . FAUXL
T R T P R 4R TR TR BT N Dl 7.54 1g
(CFU/g)(3.45x107 CFU/g) F1 7.72 1g(CFU/g) (5.26%
10°® CFU/g), Wi W1 45 1k TR AR A R ¥ VR T Fi
Wi%s TR 43— WURTIRAVE N R RR I 0 H
DL F-Be, FUEA R PO AR s, R R
TR AR B Y L2583 7E 7S Bl AR v U
FRAF I 1 (AR A AT b 3 PR 22 5, Y AEFFTER R 7K
o WSS TMR L B TR L BRXUTR A LL 2858 v
LI PRTE TR 1 3 T T R TR R v g
TEFVEF™, W58 TRRAE TR S R h o2 55 1k
Ja BRI AE T2 N S #as Sdefinh, $has Sh i #iee
L3202 W , ATV T Y 7K A3 R Ak, AT s 3P
BT S B 09, BEARHNR ARy, (H e et h]
BT, A FLIR RSN o S0 T Rl ok A
FELREIRE A PR AR S AT AP ImA, IA T U b
oKy AR T AR BRI Z5 I b & K Kk 4y, H
TRl TR AT RERs BN IR R e, T DA Tt A b
XA ity T LR B A A5 AR R P Y, R R D) R
IR AR 2 SRS, Pk SIMEAE s T8
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FERAAE B — H 2 35 (P<0.05) 281k, PRI, MATE
MRAFIE BRI E, Y UR TR AN S R 7 O &
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Fig.8 Changes in the number of viable bacteria during storage
of probiotic yam powder prepared by different drying methods

2.2.6 AW ERBELZHGIEIIER  PUEIER
SETR— 2 NG Th ISR R, (A AELS G PR SR
PENB IR /& A 2 T B N B TERS o IZSETEMAE VR T b
REAGH . B 1B vA Al e S AU Th e i R ¥
AR . SZUG RN, Zhad Kl A TR A BRI L 2,
H B EH (Total Starch, TS) AP AL TERs & E 14 H
P AR, UNFR S PR, RN HE S 0 1L 25 B E
A i i 2 (P<0.05) BAIK, JL A AL e & R
B, M 31.19% FEZ 12.98%., BEIG nl GE 2N N
FLIR P A A R R P 3B B RIS T A3 7K S Ay BB, LA

A KN ES TR . SIbERY, RS AL 2GRE
b P AL TR S e N, X T RS T RLAR B
R IR E A S a5 R AL AR, TB
S XMETH AR5, IR TP iers &2t py
Aty 20 AR IS 25 TR A0 & B BORE S R R
WA 25, ARJRR R TG . FRURU TR FIImE 55 T
AORE SR TE R & R B 2 R R (P<0.05) . 13X A B2
R Ry, AH BT At = Fh a0y =X, mess s BA b3
Bk AR AR A, R A A TR TR RIS N AFAE B RS TR 48 S o
SETER Mg/ NE Y T R T R R AL AR AR
PRI BTG, IHAN 2358 4, Horp YR e ks i
TE 0 °C LU TAA RES IS, e f s, &)
RheREE B BAOR K S AL T S SOV EREE, TERY
it ] R AL TE RS K A A B, SO e B R
TRES2, BRI A 50~60 °C 2 B0N I PEGE
A5 Tt ) et v PEIRLURE , AR KAV E T, SR il s 2K
HEALTEAS 7K R UF R, S BURTER & Bl D
VI ) 2 DRI Ay Sy acd 4 5 E RRGEON, N T Ay R,
JE S i i S T GE M T, DS AT R K A, TRk
P ESEIRTEARY S PR S B4 44, i LT ) e e Ay i AL
eI IBC (%5 AR IR & NI I B = wi =S SO RN 2
o, BUTEARTE R S A T e, R R R A
MBI AL TE Ry B e, I8 3 24.34%. X AT HESE A
SRR TR AR IR B AR S O B S UE
B4 TR 2L, T U B EETERY, X EeTE Ry 5 5L 2
HH ) B DE MY TR TR R Hh ) SR, TR AT Y
PUIHALTER ™ W85 TR A R S R i Ak
TERY S RO TE AT R LLUE T AL . R TR S
FORE S R BUTE AR TE R SRR N SRR AT RE S AT
LD R TP IRTR IR 5 | S P TE My S5 A AR AT Y.
ZEULATN, 25 B R TR A TR A A B 2 s L 2
By AR, X5 S nT A A s OB . Pk
L2577 5 FRATE A SR AR

5 REEHTE KR T8 07 2 % 4 A R R I LU 245453 1) A P B D)
Table 5 Differences in digestive properties of probiotic yam powder prepared by different drying methods before

and after fermentation

EiEtan R KRR Y UR T W55 T4k FRT M T
TS(%) 61.75+0.32° 45.48+0.41° 44.35+0.24° 45.67+0.55° 42.73+0.18¢ 43.29+0.45¢
RDS(%) 31.19+0.25° 12.98+0.22° 9.81+0.23¢ 11.55+0.49° 8.34+0.26¢ 8.84+0.26°
SDS(%) 14.57+0.18° 11.83+0.13° 12.47+0.24° 11.20+0.12¢ 10.05+0.33f 10.49+0.31°
RS(%) 15.9940.13¢ 20.67+£0.31¢ 22.07£0.17¢ 22.92+0.60™ 24.34£0.14* 23.96+0.13°

TE: FATANRNG FRER 22 57 .25 (P<0.05)

3 4

ABFGE RS K e LL 245 0 i 2 T 2R T Ak, dE
P DR 22 S A0 1 TR 0 AR S A PR L L1 24 A e A A
TR 2% . KIERTTR] 48 h, KEERE 37 °C,
IHES A2 P LY 2% v A 3 B RS v [ s ELA e v SR
PENAEST, 439 9.07 1g(CFU/mL) F 91.36 43, =2
JE R i A B R T LU 245 A TR A 3, X DA T4 7

A2 L 2R PR T E S . SRR ARk
PRUR TR LU0 N 20y v 220 . S22y BV A
P ALTERY (RS) B9 2 (P<0.05), [RIAs AT LA G 35 4%
PRI ALTERT (RDS) 1935 B (P<0.05) o VAR UL
PR 25 0 LU 22853 it BT e e, W55 TR IR 2, 100K
TR A 1 LU 245453 B SRR i i 1) R 22 1 L B ) 7
i, AR E RN 2 TR i 2 B . HORIERAL
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