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Abstract ; Objective This study aimed to screen dominant lactic acid bacteria( LAB) for Gegen( Pueraria lobata) fermenta-
tion and optimize the synergistic fermentation processes to enhance the bioactive compound yields. Methods By monitoring the dy-
namic changes in bacterial activity,total acid ,total flavonoids and antioxidant activity during the fermentation process of six strains
of LAB, Analytic Hierarchy Process( AHP) — Entropy Weight Method was used to comprehensively evaluate and screen the domi-
nant LAB and optimize the key process parameters such as strain ratio, inoculation amount and solid — liquid ratio based on the
synergistic fermentation strategy of dominant bacteria. Results Lactobacillus plantarum P9 and Lactobacillus rhamnosus were the
dominant strains for Gegen( Pueraria lobata) fermentation. The optimal process conditions for their synergistic fermentation were
a strain ratio of 3 : 1, inoculation volume of 10% ,solid — liquid ratio of 1 : 25 ,temperature of 37 “C and fermentation for 3 d. Un-
der these conditions , the viable counts reached 8.96 1gCFU + mL™' (231.6% higher than Lactobacillus plantarum P9 monocul-
ture,31.83% higher than Lactobacillus rhamnosus) ,total acid content peaked at 2.95 g - L™'(91.6% increase over Lactobacil-
lus rhamnosus monoculture) ,and daidzein content achieved 1.32 mg - ¢~' (164% and 238% enhancements compared to respec-
tive monocultures) . Conclusion Microbial consortia integration synergistically amplified strain — specific advantages, significantly
elevating bioactive metabolites and providing strain selection and process optimization strategy for the development of fermented
functional beverages and probiotic preparations based on Gegen( Pueraria lobata) .

Keywords : Gegen( Pueraria lobata) ;lactobacillus ;complex fermentation; live bacterial count;total acid;daidzein; AHP —

Entropy Weight Method ; response surface design
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A R B A BR N R PHS - 25 B pH . MR8 4T R 24X
A R T 5 Agilent 1260 7Y 5 250 7R AH €015 1 : 2 REAC BF 4L
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BEFEEL 5 200 WL FRAP 077 %8 T % & M7 30 min, J5 £ 593
nm b0 E W YEAE , 8k 25 TR IR BE ST L FeSO, MR, Bfi
pmol FeSO, + g™ o BRI [ B HIERRRIE WAL 1 mL KI5
BT 10 mL R4 H , 2501 A 1 mL FeSO, %% .1 mL i BekE
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T VR T ARG B % TR T A
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HPLC) {8, 3% 4%t : COSMOSIL 5 C, — MS — T {8 3% 4 (250
mm x4.6 mm,5 pm) ; LLZAE - 0. 1% H R K W0 i Sl A
RESENE .0 ~ 10 min, 11% Z,f5;10 ~ 15 min, 11% ~ 15% Z.Ji5;
25 ~35 min, 15% ~25% Z. )i ;35 ~ 40 min,20% ~30% Z,JIi§;
40 ~55 min,30% ~50% Z.Jif§ ;55 ~ 60 min,50% ~ 11% 2.} ; &
AL 1.0 mL + min ™ R K 254 nm; FEIR 30 °C 5 pERE AL
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PN Y=31.903X+6.7637 0.9997  0.79 ~50.00
WU Y=29.853X+42.4568  0.9997  0.63 ~20.00
Yupl KT Y =34.020X +1.581 9 0.999 9 0.47 ~15.00
TR Y =34.662X +0.922 9 1.000 0 0.23 ~15.00
KL Y=37.493X+5.5471  0.9990  0.31~10.00
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1.3.6 % T Box — Behnken v ¥ th @ % i+ AL B AR L B T &

(1) B R 20 : ATE 8 R | KRB o | AR N iT
Wrebati 1. 3. 57 BUHATER G148, B8 K BEIR B 37 C UK
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30,1 :35) X5,
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CHE TP 2 A 501018 2F ) 2% B0 i B 15 A T 22 B B
SEPEC A . REEAII(0 ~ 1 d) |, B AR I 0 A 41 2 K T
SR T T i s A A PR | A 0 T 285 0 JOR R, 60 R T T B
SERTE o RS AT R 2T 17. 89% |, IR B d5c K5 L Wy
i IR AR S MY FLAT B PO 5 B L I AT 1R 43 )
2T 5. 11% F1 4. 97% , T &) T B FLAT B FEAK 4. 47% . KT
(1 ~24d),B - #HEETHNSNSEEE TR MIBELE
Wi R A R TR, RIE I (4 ~5 d) , B e i PR i o
TOAR BB R BT (R SRAR T R L s 1 W 7 2 B 4R
ALBEHEEAL T R AR AL, S 3CA B EG. ILRET LS AN
X & ZHOU Y 4 4 B9 B AR 2> T 5 HE LG )
*H%UQ—ZOJ .

25 1,6 BRFLER B A o B AR f b, BB R S R 1 A
R sh 537 Z W R V20, XE DUV MR R 8 45 T
AT 1745 B o i AL AL, TR R BRI T SN S
B, R JE S AR I e HR A A K
2.2 HEAMNFEESHETL

W RGN 6 MRFLER B Kk Bt B TP P A AL IS M s A AR
A6 I 5T I 3) , 2% S [R) B X S [] ol ST B s 2 S 3 2
SEACRUAE . BE R IR AL IER:  ABTS - [ BRI [ oy i
PREES R T Mt s, Hodh B2 2L AT 5 ABTS - “ H il
HVEIREE NTE R 2 ~3 KT MR ok, FIEZ 5% A
WARAESS 1 ~2 RIGERR, 20 10% ;7236 A 3L 1E BR g )13
TERBEEO0 ~1 RFEER20% A4H, GHETRE, SFHFEHK
DPPH [ 335 B BE 71 A4 2 18 )L hE 71 2 B B 8l 5 (5
BRI R PRI TGS 25 L, BRE 6 HRFLR
RGP A AR ER TE, W4 5k 24 IRE %
B R B0 RS B 22 ffi H: DPPH A1 ABTS [ i 2E 75 ER fie 71 R R
TR PFBASE 2T 25 R BE VR R 1 ol L0 R 2R A M A — 3
Pho X ATRESE B M IR BT AL IR 2 (DS A I IR %) 16 &
B 1 P b R A B I SRR A, SO B SRR RE
/iR
2.3 REWRLSAESALL

W HPLC g M 48 7 7L R 1 & T2 3k i P 25 AR S B 1)
WRE D MR A (I IVE 4) . 45 R BN, KEH.
B S IO B R TR ) 2 AR S T BB R R
e AR FLRR R AT ™= A B — 20 B T DA B R A K R I A
B T S B B TR . BRI R B, B
AL BT GEHPFAT B PO X R G545 A B 5%
AL AE F7Aei , TR A K 521 TG 2 4 4 5, T AL LT 8 A o
B5. TEREEA ~S d, ARIFLRFT B B AR R S &
7.30 mg - g7 AL 0.32 mg - g7 EHH AT G R 0. 82
mg - g ' FEEAE 0.32 mg - g7 AR MAES 5 Kb EA
AL SE 4 MAEYISUFF R A R R FRFE AL RE I B AN 2, BAR
KB RS R IO R E L. LIU L H 2200011 #k3L
TR B HR i 0 SRR LA B 108, L& e i i R B
P B — 20 H T I TG 1, XA O MR S A S Y
HAREACRE ST, MHLIGIE TR RRTE B AR & e rh X R a4
GBI AL
2.4 T AHP- B FRAHARE

IFHEMA KN 2% BRI R T AL SCR I sh 2
FERAIHT, 2R H AHP — S BUER A PR AR, DR E 3 d e

B R X 6 RRFLIR TR 9 RS 7 K™ R O B o LR
PATZAR R e AR IR 4 A FLAT R P9 (95.20 £3.86)
o055 RZEREFLBSAT 1R (68. 99 4. 31) 3£ W00 35 L T 4L
Bk (P <0.05) LAY FLAT B PO JEBLH = B — i 4 it
TR B R AR T B2 L AT 7 L4 S R 2R KT
T30 BT, SR PP R] A 1 3 A0S 3 o A TR ok B2 B 4 T
TCHEALAR, i S A B J Y, O D S R R A T A B T AR AR

ST
F4  KEEE 3 K6 MRILFR W KBS IRVRE L R ER P4 (n =3)
s WA BEER, KEHI&H  GAIY
(gCFU-mL™")  (g-L7")  (mg-g™") (%)

ML BT 8.84£0.05°  1.54£0.02° 0.39+0.04" 68.9£4.31"
YIS P9 8.4420.07°  3.32£0.03>  0.50£0.04°  95.20£3.86
TS 8.24+0.14%  3.36+0.01°  0.10£0.01°  49.23£1.09°
DIRRARANE  8.7220.04%  3.29£0.02>  0.1420.02°  54.38 £2.02°
RIT BTG I 8.44£0.03°  2.84x0.01  0.13£0.03°  49.22£4.29°
KBTI 8.67£0.05°  3.092£0.02° 0.14£0.04° 52.46£5.40°

T IR Z B A B ARG FRER LI 2 A T2 (P <0.05)
2.5 ETRHBTHEABEURLERABHELYL
2.5.1 MHIATH PO R AFHILEBATE TR ILHAF K
W s s, BT B4R RS 035 023w TR ST R PO
EAR(P<0.05) , Hor 101 L2 5 R %0 (8.99 £0.08)
1gCFU - mL™" A5 B B (A 2R 43 SR T 41, 25% (vs B2 HEAL
FEFFIR ) A1 209.03% (vs AHPIFLATH P9) o 7" RFFE N, &
B SR S i 1 2.36 g+ L7 A12.98 g+ L7 22 [), A A= bk
FUBSFF IR I I (1.62 ¢ - L71) AA B EFRTH(P<0.05),
R T R FLRF B PO AR REE(3.38 ¢ - L) SR FI
B B BRAE SR A FUAT B PO T2 HPoRBe iR
LB LRI, 24 BBl L EAT 7 o B =50% i, R B L
5 B FL AT B R A 22 e SR R (p > 0..05)
AP FUATE PO (5 EE > 50% I, BRAE RO EL G 8 ¢+ 1 TG 4R
v, AR LU 0 3 o TR SLAF IR PO TR A% (P <0.05)
B 4+ 1, B35 T AR B ] (P <0.05) , H.
BAEYIZUAT# PO B L AR T 140% , [R] I 25 5 P e i
AT AHP — i BUBE B 28 5 3F 4 0 1 BC L 4L 2R A 0
(95.41 = 1.31) 7p BEAL T HABECLL (P <0.05) , i 45 R4 Uk
TR A B B AT AT R, Bk g 4 0 1 IEH TR 2 T L
/e
#S5OHPTLATT PO ST A BT AT TR AR ]
H 4RI DL M ZR G T4 (n =3)

YIS P9 - 1% BRE&H, RUfnse SRy

RAWARHE  (CFU-nl™)  (g-L7")  (mg-g™h) ()
1:0 8.50+0.02°  3.38£0.03*  0.50+0.04%  63.32£1.69¢
8:1 8.73+0.04°  2.98£0.05"  0.54£0.047  62.87 £2.44¢
6:1 8.84+0.07°  2.85£0.09° 0.70+0.06°  69.68 +3.08°
4:1 8.88+0.04"  2.92£0.05% 1.20£0.02°  95.41£1.31°
2:1 8.62+0.02%  2.56£0.00° 1.02£0.11>  83.18£5.54
1:1 8.99+0.08°  2.59£0.03° 0.49+0.07%  57.51%3.52°
1:2 8.89£0.06"  2.76+0.06¢  0.44£0.05%  56.23+2.38¢
1:4 8.8420.04>  2.36+0.04"  0.46£0.04%  54.37£1.50°
0:1 8.84+0.05"  1.62£0.005 0.43£0.05°  47.60+2.19'

I L B WA ARG F IR A ST R (P <0.05)
2.5.2 BMABMILBEMFTEE WK 6 PR, LA
S, RS )RR R B T R B TR Y
UAERN Sy 8% B, TRTE J7F0LEVER % IS B 0 YR R
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10% B , KRG T & i ik B0 E . R EE S M vl AR F B -
HAWE T AL R 2R 5K, DT 3 T4 I M 7 Ab 550 5 i B2 i i 3
( >10% ) W RE S SR 50 4 VR, AR 8) B0 = 4 ok B R 3
PRTISZ B AR, WA 8 4000 B e s . X S5 gt
R & BEUR 2 P2 B RN oY — 8. LR AT, R
10% P kAT J5 89T o

6 R T AIERIB I RLA TN (n=3)

e & A BREE, KOWadis  Ge
BeCFU - ml ) (g L7 (mg-g~") (5)
6% 8.93+0.06°  2.90£0.05"  0.37+0.07° 63.51 £2.67¢
8% 8.97£0.04*  3.0920.07*  0.78 £0.06" 79.76 +2.43"
10% 8.86+0.08"  2.92:0.05"  1.34£0.00° 97.26 +0.63*
12% 8.80£0.04"  2.8720.04"  0.62£0.07° 71.67 +2.54°
14% 8.76 £0.05"  2.85+0.06"  0.48+0.06 66.70 +1.97¢

AP T I LB B ARG R R A AR (P <0.05)
2.5.3 BRABIZLHLER WI0RH, BERNRILH
B SRR AP SRR R B AP R I, AT RE I A 3
SRR ARIET & PO, LR R VR L e, TG i AR BLAS 1]
PR LT FURR B 147 R BE T , SORE HAS T B3 B AR ™
PRAELDE T . a3k 7 Biom , BEAE R L R3S, 35 1 o
P P IRAE ) R EHITE B LA P B B S s
e HRRR L 1225 WPEZR G PR B, X L0 T BE PR B T 1R
A o 5 LS B, SRS T W R LR R 0T B — Wl R A
AR R, e 12 25 Sy de R L AR 1

KT ARFEERRIC T BIEFRE IR LG T2 (n =3)

- & A BREE, KUt/ GAE
" (CFU-nL)  (mgeg)  (mgeg ) (4
1:15 8.99£0.03*  61.65+0.68°  0.69+0.00° 69.65 0.35
1:20 8.96+0.05  68.52+0.75¢  0.93+0.11" 81.16 £4.50°
1:25 8.86+0.08"  73.05+1.37"  1.34£0.00° 97.98 +0.63"
1:30 8.93+0.05" 76.14+1.08"  0.98+0.00" 86.05£0.30"
1:35 8.53+0.05°  70.77+1.59°  0.57+0.04° 67.90 +1.70¢

I 2 R B AR NG FRER AN 22 R A S35 L (P <0.05)
2.5.4 AFrhR@ LI R A RLBRIY ETHREE
SRR EE IR R, L A R BRI L X R AR AR Y TR T
AN LR VSNSRI i (RS R RS Tk oY (B P S
3 [N # 3 JKF Box — Behnken ¥ i1, LA FIAC LE (X, ) (EEF i
(X,) FOEHR b (X5 ) b A28 &, JEF AHP — i BGE 28 631 4
CY) guie o B, ¥ 17 L SCI0HE M (32 8) , HLAH N 8 AR 45
PEAEE R ILSE 8 3@ Design Expert 13.0 g7 B 14347 , 35
B LW AR, Y = 94.07 + 2. 54X, — 2.53X, +
3.17X, + 1. 10X, X, + 0.98X,X, + 3.42X,X, - 13.48X} -
8.08X2 - 7.31X2(R* =0.955 9, AdjustedR™ =0. 899 2) J5 3% 4%
Wrasdnze 9, M AR 3 P {75 0. 000 6 <0. 001, [A]
RIS 2 5 R PI0 SEPE P (B 0.582 1 >0.05, 55
AN E R A T R AR A [l )3 D3 P e 8L 1 100 R AT
FHEFEXN ER KR B LE A T AR B R R i (X,) > BHE
H(X5) > ERAI(X,) .

FIFH Design — Expert 13. 0 #{FVE 4 N R L HAE Y =
) o7 TR RS R 2R, S SR AR DUV /] S FiR, R R (X)) 5
BHE L (X, ) B TR L 38 AR PSR ; S BC LA (X, ) SRR
He (X)) My T 082 , 3¢ AR A 859 o 78 MR A (9 BE iy b %oF
RGBT AL, BOMAT B AR R B i T2 S50
FULAF PO - RS FLBEAT R 2.7« 1 b 9.51% B L 1
25.98(g: mL) , L5 G140 90. 94, 255 LR S H0M

10

o AHYIFLAT I PO - ERAEWEFLEEAT R 3 - 1 AP i 10% CBHE
t1:25(g:ml),
28 i I T B A R

V= T T K =] =4
A o g p O g, AU EA

141l (1gCFU - S LRSI
Fe (Xy) (X5) B (mg-g™") B

(X) mL ") (mg-g™")  (4)
1 1 1 0 8.80 74.70 0.78 71.76
2 0 0 0 8.8 77.40 1.52 99.13
3 0 -1 -1 8.85 70. 68 1.23 86.48
4 0 1 -1 8.91 68.16 0.67 65.95
5 0 -1 1 8.98 79.02 1.09 84.56
6 -1 -1 0 8.9 79.05 0.83 75.44
7 0 0 0 8.8 74.85 1.39 93.62
8 1 0 -1 8.82 66. 60 0.86 71.74
9 0 0 0 8.8 77.55 1.26 89.79
0 -1 0 -1 8.86 69.96 0.69 67.07
11 1 -1 0 8.9 7.75 0.93 76.78
12 0 0 0 8.8 7.75 1.36 91.73
13 0 0 0 8.8 72.60 1.49 96. 06
14 1 0 1 8.70 75.60 1.05 81.44
15 -1 1 0 875 74.40 0.62 66. 02
16 0 1 1 8.87 77.58 0.91 77.72
17 -1 0 1 8.92 77.04 0.78 72.85

KO [HIAKIEL Ty 22 50 A

FEKE WETAM AdE ¥ F P
s 1 .804.22 9 200.47 16.87 0.000 6
X, - ZE e pl 51.71 1 51.71  4.35 0.075 4
X, - HEfh 218.51 1 218.51 18.39  0.003 6
X; - BH& I 80.20 1 80.20 6.75 0.0355
X, X, 4.84 1 4.84  0.41 0.543 7
X, X3 3.84 1 3.84  0.32  0.5874
X, X5 46.85 1 46.85 3.94  0.0875
X258 765.58 1 765.58 64.42 < 0.000 1
X3 8 275.01 1 275.01 23.14  0.0019
X3 8 224.79 1 224.79 18.91 0.003 4
B2 83.19 7 11.88
L2 4PLI5 29.63 3 9.88 0.74  0.5821
a2 53.56 4 13.39
iR 1887.42 16

AR T S AR & T 1 20 5 P R 2 1) e e 4 AT 4% 3
B B R BER 3R BERAS TR AT I E  IE AT 4R 574, 3
TEZEHRANFR 10, 76 0 R 55 1T, TG J7F- 3418y 8. 96 1g
CFU - mL™",RSD 2 0. 39% ; 1R & & Y {H Ky 73. 65 mg -
g7'(2.95 ¢+ L7"),RSD 4 0.93% ; K G yo & i EHME A
1.32 mg - ¢~' ,RSD 3} 3. 42% ; 25 534> 21 K 90. 78 ,RSD
R 1.81% , 5 50 DU AR XTI 22 0. 18% . 3 W] A 52 I AR 4l
AHP — JAGE AR L 1) 85 AR e e f A T2 22 B AT A7 M o
k.

F# 10 TLIILLEHR

e Y REE&E, KOO E/ GaS/
T2 » B O ,
(IgCFU -mL™") (mg-g~) (mg-g ') ()
S| 8.93 74.25 1.28 89.70
FEN 2 9.00 73.80 1.37 92.67
FEM 3 8.96 72.90 1.30 89.97
YI(E 8.96 73.65 1.32 90.78
RSD 0.39% 0.93% 3.42% 1.81%
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3 ititE%iL
ERAE LG5 R I 2y, o & S e R 2 TG oy, H

Z LA & BT AR, T e % A i B BT T A e

BT P, BB IR PR RS2 R R R E B &

PREROA AT e o R o P 48 3 2 2 o0 2 5 A R A

i BT G4 m ML AR O 3 2, a2 i 67 ) PR W SLAFF

WAL, KB e LR B I BT N L

3oUAE GRS R T N R R 7.7 A, g ke AL

BHIRMEMEA R T B FRT . WOPLIRE R R R, AL

PRI AR 2, AL RE S T T~ 5 AR XU 8 S, — R

IR REA A H B E D A AT B TR R R B R

AWFFEIE L 73T 6 ARFLRR T S A CHHRHIE , 07528 AR M FLAT iR

PO AT Ry B — #2005 1 B 7 IR AR, B 4 7L I AT T

AR T, W SR BES R b . K i S e

K WA T REEL AN BRI, 220 N 18 0 AL )5 8 58 F HE L 2 A

FUHFE PO 5 BB ZL A R R AR IO LE 3 ¢ 1 AR i 10% OB}

WL 1225 JRAE 37 C LI 3 d, FERL A& T, 15 W A0S

8. 96 1gCFU - mL ™" BT R A B F 231. 6% 1 31.83%

BAR S B3R 2.95 g+ L7, A 2R W EL R R T R R T

91.6% ;s RELTFICE ikik 1.32 mg - g~ FCHL B R WS R TH

164% F1238% , S T T R Db IR) A 9 09 2, 3278 B AR 22 PLIR TR

IRl A2 IS, R LT 2L T P T A T AR AR R I AT KU 2 R

TR0 AU L, 3 T A AR T RE A3 A B A T i

2, 25 B PR 2218 D[R] R e S PRI AR IR o RORIB i E

— 2 WA TR R ELABO 9 AR M 1L R A ML R A I 7 4 %

LR E PR IR AL LB B b L (91 3 258 45w . AR

SET IR IR A B SRS AL LS4 PR s M B A A5 A

PRI 7R DD RENE A B ORE5 77 h BE5E T BORSERL , X K25 &
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