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HBE NOMIRAAHARERE L AHLRENLERFENEAHX pHMA L0 ERELE EHALT, AAA
F AR IR A TE B E T ik (ABTS #= FRAP)#F M A S Ao At ) B d Haaté s rm e R L PR L5
ILFEFANASFTALRF T ZANBRNG S F, B TR (PCA)F R IA IR0 JIEOF 7 4 AR AR A fE ik
HELS L HERBEOEM, EREF AW ERFLEH #3945 8.0 lg(CFU/MmL) ,pH 1A% £ 3.60 A F ;& RAEAF
By 91%~179%, %042 H %k 8471000 g, AMBRM AR AL T ELEF  ERBLTHEHLETTLREFH, Kot
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AN PIBAFFE—E L, B P EEMRUEY Y
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ST LA AL T 2R ) B I A H ™ A — 655 ) 35 1
Y, A BESE N E IR (EURI G 5 T RE TS 1 . £ dh
388 ol FH ) 4 25 20 BB 2% R FLRR AT 1 . WUBCAT
PR AL B BRI 2 .t 2 T ORI O i A 90 1)
AR IR AR R R, 2 NSRS Pl ok
ZA th R R BR T ARG R me Ll i oh AEFL
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LB B A A 2 T PR 5 SR Y T REAE IR
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B 1 S I J JFC D)2 I ELAS RXUBR A5 3 4
i, WA R R R 2 G A e, L H i R D
il \SOD il 45 % PR B 9 35 0 B 3 P v 0, TS K
B, AR LE BB A RN 5, A2 6 R AN (LA A T I ™
sty WU BEAIT =, T L B £ o 1 2 003 PR o 5
AP PR, LR B R LR SR A b R B
R ACE R R, TR 2 18] 77 1 AU B A
HARRT, AT UG A P i A A P, O kT A
LB 2945 A0, TR R A Al AR b T R
PAGE— , 5 BERE L™ i i AR IR RRAROTT KB 4
AR B R I 2R A O A A ] I R AR AR
A

ARSCUAE AR e SO S T il i i 4 ol
FURR R HEATE R Kl . RN [F) FL IR T A T AR
Mg e pH E SR I JEORE & i S R MR
PUAAMTRE | T2 2 55 0 5 o A LR o B 0 22
5t o M 053 53 BT 7 B 0 & AP R ARt AT 20 AT
S T S e R AR I AR B0 A2 R TR B LR I

s
1%

1 #MRt5FE
1.1 Btk

W FLAF W (Lactiplantibacillus  plantarum)
R4 1 W& ZLFF 08 (Lacticaseibacillus casei) M1-T |
WAL (Liguorilactobacillus vini) MM=3 .
FOKFLFF I (Lacticaseibacillus zeae) MM-6, 352k
HHRKBER IR WERRILITH (Lactobacillus
acidophilus) GIM1.321 {8 [CZL AT B 47 il 1) 7 7 A
(Lactobacillus  delbrueckii  subsp.  bulgaricus)
GIM1.155, )7 AR 48 WUE W B b DR O
1.2 #EFLH

TEMR S AR EBERER VLI AR A R
S R o TERYE OB AL IR T 3 S AT R
A ISR NG, 92 [ Sigma A Al 5 A VLR A5 1
ity (BUJE>99% ) | 5 B b 1 il (21 E>98% ) | ik
MR, AL R FERHARA A,
1.3 FEMNREESE

EXL800 4= A s B#tr{X, &I Biotek Instru-
ments A BR 2 A 5 Agilent1100 7Y 155 508 AH 2354,
GHER R A PR A s LDZX-50KBS 37 30 & 71 7%
PUK TRy, _E R HE PR AR 2 W] s HPX-160BSH

L\\

o>

PERE MR AR , TR i B T e i 3 A PR A
SHZ-A KB E RIS 2%, L sl A7 R A
Gl
1.4 REHZ*
141 EHWREROH& KT ESRIn G
30 H i , &5 MRk K $%— & L BHR A, {5k 58
AWK IE T 90 C/AKERIAL 10 min, 27 SCHER[13)
75K 0.2% o TE 5 JEORHE A 5 F 50 CK
A R AL 30 min, i ABEILEGHE 1L 2 h, FH 2
0.3% , B 62 °C., B 25 9 J5 #b JE — o /K it fifi ]
WPEETE Y & B 10°Brix, 115 °C 285 K H
B[R] 15 min, 755 21 55 A & B S RHA 20, 38 2 /i
G & AR R & W 48 h J5 HUE B 4L . pH 1H
AR TRE ., 6 (RILM A TE 35 CH 5% 20 h J5
EA R R, EAREER MH & 7E 48 h 515
1k KB IR A 35 °C, RPN 2% (LK
Basar).
1.4.2  ANIR) LR P 20 i T 5 AR I8 3% 119 I3 2t 40 7
51EM
1.42.1 FLRRWIE R IHE R RO 8ok
oz I FE W A L T B 2K (Total viable count,
TVC), T¥ TAE G dof B s B 7 B 43 7l
100 WL 107,107, 107 FER G B BT IR AT . 47
M 15 37 HE 45 A 1E IR E R AR N L35 CRE 3R 48
h, 4%,
1.4.2.2  pH {EFLE R A

1) pHEMM E 2% ERKbrifE GB 5009.
237-2016¢E i pH 1B B I 5 )

2) M (TA) Wiz =% EZRRME GB
124562021 ¢ £ fi Hh s i ) 5 it
1423 &EWEAWE &Y & (Reducing
sugar content, RSC)l & #3 # SCHk[16] /7 4 AL
DNS {71, B 1 mL W B E AR T 22848
3mL DNS 5 B2, UK 5 min, B4 5
ER 25 mL, # B 30 min, M & P K 520 nm 4L 1)
W AR, LA 2 B A A T i, 22 bR o R 2k
1424 SHieE S8 (Total phenols
content, TPC)WM & Z MSCHR[17PIFRIMEE S, ¥
20 L BE 5 AT 100 wL 0.1 mol/L & Ak ik 77 1R &
T 96 FLEGbR A, G RN 5 min, 7E 96 fL
B AR A 80 WL 10% Na,COs,30 min Ji7 i &
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Pk 765 nm Ab Y IOEAE , HRAE IR E TR (GAE ) f5
WERT LT SRR S B B A, S5 R R RN mg
GAE/100 mL ¥ .

1.4.2.5  HUEALTEPE R E

1) ABTS-*H H2IEFRAE ST AR I8 SCHR[18] )7
P, A B FKECH ABTS TAEW . HL 200
L ABTS TAEW 5 20 L B & 3 ok 25 % i
B4 T 96 fLEF AR, Z A OLHEE 6 min )5,
W2 K 734 nm AR WROCAE . VC AR HE S,
R 4l s o R 2R T B RE AL A ABTS -+ [ FR 2 1 Bk g
J1, 85 R KR M mg VC/mL FEdh

2) FRAP $iifkiie s 2 MSCHR[19]77 34
S, FHE SR TPTZ TAEW , B 300 ul 5 10
L A R W A I RR A T 96 FLEg AR AR
B EEE 4 min 50 593 nm ZAAWEAE . D
FeSO, FEARE 5 | 43 4l br o il 263138 i A9 FRAP
PrAALRE 1, 45 KR A pmol Fe*/mL FE i
142.6 FEAVRMNE =% ERXIEME GB
5009.157-2016¢ £ fit H A5 HILIR Ay ) s Y1,

1) P& B AR B R W 2 mL
FEOHLE L, HE 10 800 r/min, B8] 5 min, F
T W TFL B I (0.22 um) , 7518 25 B T

2) s R Agilent ZORBAX SB-
Aq 3% 4 (4.6 mmx250 mm,5 pm) , Ji A4 20
mmol/L B8 — A AN K W (pH2), Wi 0.8 mL/
min, ZER6 BEPEI , HEIR 35 °C, BERE R 5 L, K%
£ 210 nm,

3) IRAPRETIEW A E S PRICR TR A
B2 SRR FLER (LR ATIERR BRI IR AR B
10 mg, 7 205 7K 375 ik 0 1) TS 6 s T I TR,
DL o i A AT I A
1.4.2.7 3% 5 3 0 I

1) S dl & W 1.4.2.6 75,

2) ik & R Agilent ZORBAX E-
clipse XDB -C18 4 3% # (4.6 mm x250 mm,5
wm) , it 30 AH A B EE RN 0.1% R K 0, Tk 0.5
mL/min, PEBEAEEEE A 0~5 min, 5%~10% H % ;5~8
min, 10% ~30% H & ;8 ~15 min,30% ~40% ¥ B ;
15~20 min ,40%~60% ¥ % ;20~30 min , 60%~100%
% ;30~33 min, 100%~10% ¥ 5 ;33~38 min, 10%~
5% W B AR 35 °C, HERERD 10 pl, R )% 1 254

3) Rt ER WA RERERE K
T VREARH OKREH L QR Z ARG A 10
mg, J1] 70% " 1 i I ) JSCTR 5 b v R IR
DAL 3% 2 1 E
143 JET R £ R BER K 6 BRILRR
R 25 T 1000 AR T 2R R AR A2 T 1) 5 R R )
[T 48 b5 #E 47 E ML 4r 20 H7 (Principal  component
analysis, PCA) M5 A [ LR i A& B I 25 A9 S AR
PRALAE b R BE TS VE 8 bR A AH ORI, i i 1 i
B S KR
144 BERESRBFMRIE BT E
oM B 52 5 AR AR R L] (i 29%)
FeMh T B AU BEHORL b | R S SRR IBORE | I
i (19375 R pH A BV R O RO i R
PROMIT AR P | 32 e B R A PR

O,

1.5 HIBEHH
¥ ] Microsoft Excel SIMCA14.1 SPSS Statis-
ties 22.0 AT R G b

2 HERERW
21 AEIABREA4MEZBEEREENISTE

FH 6 BEFLIR A & e S5 AR R AR M, B R &
B4 55 AR 87 25 BB (Control ) 1E X IR 1% 2% A& g 4
HJG FHOCHE AR I A 25 R WL 1,
2,11 ERBERMIE A pH FIAR AR 1A
PIE Y, KRG I B M R s i A 163 8 g
(CFU/mL), HH2: GIM1.155 % By 5 M e K 1T
B B0 35 8.86 1g(CFU/mL) . 5 M3 2 3Ry
pH {5} 5.49, 2 LR 1R & I 5, 26 1% 2 ) o 44
Z KB IREER A pH EHARFE R 3.60 LIT , ER
o B AR W AR T e, GIML.321
KRR &N 8.47 ¢/1 000 g, & H R ILRI4L &
B 5.6 5, HIKE M1-7 R4 MM-3 GIM1.155
I MM-6, X ULB 6 Bk FLER /2 R I8 N 55 AR i R
TR R B EE  HLESA — 2 1Y 77 R e 1 R R
CIEDARS
212 EMREERMEER SR LR R BT
THFE T RIS, 18 A JFO o /> B AR 3 W0 b
R JEORE 5 1l 66.87 mg/mL, 28 48 h & 1§, GIMI.
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10 55 KR B L 21 LA Ty W 3 22 % 40 0o 1,06,
1.06,1.05 mg VC/mL 1 1.06 mg VC/mL,{X M1-7
M MM-3 225 83, 43514 1.00 mg VC/mL
1.04 mg VC/mL, %8¢ J5 5 fR I 2R 1) FRAP $i4 1k
AE 715 % FRZH Y 1.48 wmol Fe*/mL A LA — 4t
R AR Z R GIMLASS, B#K T 155% .,
215 ERBRERMFEAIRSE ASFREME
T 5 B AR e R WA HLRR A L R Ak, gk
RERTAHZE B K B M 2R rh 2L IR 3 = K 4
T 7 55 A i 2 SR R I g AR D . FLRR A R
AL DL e i s L A AR 6 R
THBZMW AR SERR LR MR, K&
T 1) B A BRL B A T 2 1 SR AT AR . 76K I
Je AR B Y B R | £ TR AT AGE IR . A LR I 2
o 5 R WL R I TR R RN R W T SRR
Ko TEARRI R A BRI TR b, I ZLRR A 19 22 7,
A LR 2 AR — BN AR, BRI AR &
1 0 AT e R PR BROR R 2 W AR S T A
RBEIRF TR & i TR, X AT B IR 3 AZL
PR TR A AR B =R IR IE I, WA T i
BHLER, ROER SR AN BE R TE 2 TS AR
o S A TG, TR AR L R S A TR R,
IR B A5 Ak R R ER O IR A A AR Y
Wy FE T £ R AR B, A R R o FL IR R A 3R R
AT S RRMAEA AR, ] gE— 2 B R E R
AWGEAL RS SR e A 3, B LA A Y
FLIR & Wl . FLIR WA & B o ™= A 0 A HLARR ] 4]
T SR AR B AN R I PR 8, FLIR S5 LR 1 4
TR AT 4R v 2 T £ o P 97 J e 4 4k
21.6 ERBRMFESEMSE SRR
WER G FEABRE KO HIX KOH .,
OB RGBT, 38 i ) R A B A I
RO 2 EME 2 300 pg/ml, 17 &
A AR IERE P 331.59 we/ml, KGR E S
i N, GIM1.321 Fl GIM1.155 455 5543 3k 41
MHHEA B EEZES MI-7T FHERE & S mIK,
h 295.82 pg/ml, Kt e b AR FE 0T RE S AL
1% TR A AR Bl g Ak oy e B, BER PR
RS A L B AR R IR, SRR AR T, K&
5 22 41 B MR R th K E A u MR R E 10 & 2
BEER N, Hd MM-3 AR EFH TR AR ER

TEAAWIN T 40.7%M 39.9% A W5 RHER K
P R S BT R S R R B i e 2 Pk
AT RGBT B i e, T 2 FL R B A AR S
B A7 AR E 252 Bl g e, o R I — S FLR
WA OB F SE g O-WE AT C-W 1 1 Fn &k
Jitg i M, b A o3 LA TR ROBUBE AT TR TR R B4
B O- W57 R G A YRR 1 A= P 4k K
AT HIYURIR R, AE B AR R A K B R
PUBETTTE 200 S B 5 sk b, i e 2 S 1
ErE N A
22 EMHOWMER

ST R R) LR TR & I 55 AR T 3 FLR 28 R eI
B AR I RSB A E TE pH 28 A i (ApH) | ERR |
i JEURE S A B (ARSC) BB & B RS A AL g
1 B O A B PR & 3 19 TR
b, SR PB4k S 7 07 1 S LA A AR R, P 3%
2 W] R, HE 3 S FE RS (PC) Y 2R 3t BT Mk A5k
85.9%, BHULHT 3 A~ 3 B4 vl DU 2 K 4048 b
FOREPS

i1 3 W[ PC1 BEHY Jy 22 STk %0 42.3%,
FERMR G LM KEHIC G iR
F ApH B2 ABTS-* [ i L35 BrAg 7 FLe Fn e
BERZR WA G R, DU™ R A 32 22 5 T 1) 52 1R
. PC2 WJ7 22 5T 34.3% , 3 B S LI TR
AR FRAP BT L AE 1 L ARSC | %R FlA7 15
MR A8 S5 B . PC3 M7 2Tk HR 9.3%, £ &
BT PR GeR R S AR R RS R Y
TRER

T 0T E W, AS TR LR B TR 1 5 AR R
FA B TE I 35 AR R B SR A X 43 i R AT, 256
2 i PCA #ff Kok & R4 .GIM1.321 £ GIM1.155
AR AE PC1 AN PC2 IE 7] 3ty , 5 775 B 480 0 4 T2

k2 EHOSMBUEERRBKE
Table 2 Characteristic value and contribution rate

of each pincipal component

ERS AR T ETRE/% v ERITTRE%
1 8.04 42.336 42.336
2 6.52 34.311 76.647
3 1.76 9.274 85.922
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SESRR BRI AN R SO A OC, BB AR 3 4l
TG B 14 BIOME AR X A 5 SCHR[26 )4 A
FLAT B RN W8 R L AT TRT & I SR I Wk A 45 % M 1Y
RS W ot on kA K 45 SR 2L, T R4 .GIM1.321
A GIM1.155 415 K 517 70 F 4 bR 210 4H 6 1
H L, KX 3 AR BT & B ARG, SR &
P LR A F PCL ) IE R, S AR &R |
KEH GBI AT ABTS-* [ h 31 BRAE 1 f1 2R
FHONIEA AR, X IR PR I 2 g B AR K |
AT FIYRE R B L R B, TR
SRy W ok A v L R AT ) AR e S I 1 S5 4
J T 5 A5 B S TN R A e T ML-T
MM-3 il MM-6 43 #i 7 PC1 Fil PC2 ) £ [6] o5 , 5
GAF TG R R R 2 IEMSC, AR X TR
TR S5 8 TR B A A Sy OB T TC R 7 B D AR
55 SRR I Y F8 43 7L R TR AT R R U R R
O-FETT S AL By B G 2R
MRS 2% F U415 43 (V=Y 5) , LA 32 18053 X i
W) 25 STk R AL M L B B AL Y =
0.42Y,+0.34Y ,+0.09Y 5, MRHIHXAL A4 LR 5
RS, WA 4, LA BAR A RT = 0 S A B A
WELAFRE GIM1.155, WM ZLFF I GIM1.321 FliH
WELFT T R4, 454 PCA 1343 v X 3 R & ¥
BB AR 2R 255 i B SR . A FLAT TR VR R FLAT
TR R LA n R I 2L FF A B P R £ R IR T
i, WA B R EANTE G KBS PG A AR T
TERE TR R W A R R A BERE R4 L GIMIL
321 fil GIM1.155 1E &2 & K B .

6,
4 G GIML155
/; 2l c?!lvu.lazlllb% G"‘#Js(:lMLISS
ﬁ Ra.ﬁ' R
2 0 MLMM-6@ @ DM
S a2 M17@ @iv3@mma
O V7@ @ L —
B -4r Control@
-6
-8
-8 -6 -4 -2 0 2 4 6

PC1(42.3%)
1 PCAHBHE
Fig.1 Factor scores in principal component

coordinate systems

R3 TREHRABERBZERRBTERE
Table 3 Quality load matrix of Pueraria lobata

enzymes fermented by different strains

e PCl PC2 PC3
(423%)  (343%)  (9.3%)

R 0.025 0378  -0.038

pH L& (ApH)  -0287 0216 0.000
M -0279 0220 0013

& RAEEE(ARSC) -0.189 0313 -0.118
%o 0.166  0.121 0.421
ABTS 0272 0011 0.055
FRAP 0041  -0320  -0.121

XY 0.166 0274 0210

B G 0.025 0348 0210
¥R 0026 0264 0333

BN -0275 0226  -0.095

T 0319  -0.046  -0.238

¥ A R 0177  -0271  0.351

%30 8 0212 0240  -0307
Bk 0.287 0036 0283

X 23 0320 0120  0.125

Je A 0.287 0.095  -0.345
XEH A ~0289  -0.152 0262
FeAtRE -0257  -0220  0.155

23 ESXEBNRIEAR

T8 Wy o3 A Bt L, e #% R4 (GIM1.321 Al
GIMI.155 10 5 MR I 32 6 8 1) 245 A I ), o G
DIREFFTEREATOT ST, [RIPHE 25 R e S i &
L AT LU B R LR 5,

'fsm
r
0.3F @ arsc e
- 3 Ouxm @num
0.2 %%
S o0l 8 Lnive OFTH
g 0.0 s @@ HHE
< ozm
S -0.1-
(@KTH T
T
027 @ukx
203 W Orem
-0.4 5 g . v
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
PC1(42.3%)

B 2 PCA#H
Fig.2 Loading scatter plot in principal component
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Table 4 Composites scores and rankings of Pueraria lobata enzymes fermented by different strains

i sERAI BRyY H# 2
Y, Y, Y;
R4 0.259 1.151 -1.119 0.621 3
M1-7 -3.627 -1.761 -1.318 -1.979 6
MM-3 -2.573 -2.028 2.529 -1.192 5
MM-6 -1.137 -0.540 -0.819 -0.605 4
GIM1.321 0.120 3.252 0.287 1.174 2
GIM1.155 1.540 3.357 0.481 1.825 1
#5 WIELER
Table 5 Verification results
BB R EEA R4 GIM1.321 GIM1.155
& B #/x10° CFU-mL™! 7.96 +(0.33" 5.66 + 0.50 7.00 + 0.65* 7.20 £ 0.36°
pH 1& 3.45+0.01" 3.45 +0.00 3.47 +£0.01° 3.58 £0.01°
B /g- (1000¢g)™ 8.59 £ 0.10° 7.95 +£0.43" 8.47 +0.28" 7.35 £0.10°
&7 AHE/mg- mL! 56.55 £ 0.29" 57.41 £ 0.55* 54.93 +0.77¢ 57.71 £ 0.40°
& B /mg GAE- (100 mL)™! 39.29 £ 0.15* 38.43 +0.58" 38.58 + 0.26" 38.15+0.22°
ABTS/mg VC-mlL™* 1.19 + 0.00° 1.06 + 0.00 1.05 £ 0.00" 1.06 + 0.00
FRAP/pmol Fe**-ml™" 1.36 £ 0.01* 1.38 £0.01° 1.06 + 0.02° 1.25 £0.02"
3B /mg-mL! 0.87 0.00 0.87 £0.01" 0.90 0.03" 0.93 +0.01*
B G B /mg-ml! 8.65+0.11° 8.96 +0.13¢ 9.45+0.18" 9.85 +0.07*
¥ R B /mg-mL™! 1.98 + 0.08 2.32 +0.07° 2.53 +0.04 2.89 +0.11*
LB /mg - mL™ 13.39 £ 0.30° 12.76 £ 0.35* 12.73 £ 0.63" 10.35 + 0.40°
Z B /mg-mL™ 0.84 + 0.00° 0.46 = 0.03" 0.38 £0.01° 0.42 + 0.00°
A7 A B /mg - m1L! 0.36 +£0.01* 0.31 £0.02" 0.09 = 0.00° 0.20 +0.01¢
3% 30 12 /mg - mL! 1.18 £ 0.05¢ 1.56 + 0.08 1.48 £ 0.04" 1.69 + 0.08*
B F/pg-mL! 315.22 +5.25® 306.16 + 3.06 319.93 £ 4.46° 320.90 + 6.53°
X &3 /pg-ml! 58.18 £ 0.58" 56.92 £ 1.19 5773 £ 1.77" 61.31 £0.87*
e A AR /g ml! 9.71 £ 0.51" 9.96 +0.22" 10.18 £0.11" 11.81 £ 1.36*
R 23 /g -ml™! 19.09 + 0.19* 19.97 + 0.50° 20.72 £ 0.21° 19.25 + 1.64*
FH AR E/pg mL! 1.51 £ 0.02 1.51 £ 0.04* 1.56 +0.02¢ 1.56 + 0.00°

BB K 2 R4.GIM1.321 fil GIM1.155 X 3
WG RS, WK 5 R4 GIM1.321
I GIM1.155 B8 & B4 =, 1% B 46 8.9 g
(CFU/mL) ;pH {& & GIM1.321 1 GIM1.155 B
R, N 3.45, HERKME LR &N
8.59 /1 000 g, Lt B & W B A e, A LR
FLIR & i e — B3, W& R A T AR
MRS SR, RO & a L T AL & it
L VLR A LRI . B RS AR R
() R 2 i 48 ) 39.29 mg GAE/100mL, 5 55 &

MM b, 2 G KRR R 1 ABTS -+ [ 215 BRfE
JIW R, e FRAP $A bR )0 58050
KB W 5 A KR P EARE
RS FIGERE AR 005 B L BT R T I R TH R
AR, AR A A TR S TR T A 1
W B RE T 3R, R UGB AR R XM
Pl A S5 I ) R A2 A I R A I
HApRARRES, EE KRN ARSRERR

R BT B B



523 % 4 3 1) ATFEIRSOMF EHALBRALAHEREE 203
3 i ents, 2020, 12(2):. 276.
EM‘Z{@%@?%Z{@E}%@& Y T T b O B [6] BHARTI R, CHOPRA B S, RAUT S, et al. Puer-
e E Y e o are sl TN aria tuberosa: A review on traditional uses, phar-
IS 5 e 2 W A5 Wt W b, T T30 3L R B P
2 B 5 PR 0 SR 8 5 AR L 6 macology, and phytochemistry[J]. Frontiers in Phar-
S e X macology, 2021, 11. 582506.
PRI B R4 M1-7 MM =3 MM -6 GIML32L A7y i inae, . ohieme 2 2 i
GIM1.155 7 55 H A I J ) v 54 35 0 1) & T BUR[I]. £ dh Tl BHE, 2019, 40(1): 337-340,
AE o X AT I I8 2R Y B AR P R0 ) BB AR5 1 R AT 20 345,
B, R Ao o A O IR RS A R AR R HAN Q, ZHAO J M, GAO X Q, et al. Develop-
WA EFER, &gk e 3 AR E O 9 2 ment status of functional fermented enzymes|J]. Sci-
R4 GIM1.321 1 GIM1.155., )[%'E’ﬂ](gjgﬁ%%ﬁp ence and Technology of Food Industry, 2019, 40
HEAT BRI A R B L A R (1): 337-340+345.
[8] PEYER L C, ZANNINI E, ARENDT E K. Lactic
acid bacteria as sory biomodulators for fa ted
s = x acid bacteria as sensory biomodulators for fermente
cereal-based beverages|[J]. Trends in Food Science &
B ke mUE A SLA R Technology, 2016, 54. 17-25.
X =, , 7 =, . FLER R =y . e e e . .
] +~E;iw%;mﬂ EPEPZIE%’EIW%“;D%Q” 0] %L, R EHSEEERT SOMAD. 6T
5 2271, 5 s G 25 ,
201}; 16:1“3) 9;[931 s R, 2019, 40(3): 179-184.
LU ;( v ZH:ANG L. CUO N F L Stud LI F, LV B. Optimization of the fermentation pro-
t al. St
’ ’ C e e on cess of Cynanchum auriculatum Royle ex wight fer-
the antioxidant capacity of Radix Puerariae under .
ment[J]. Science and Technology of Food Industry,
the condition of lactic acid bacteria fermentation]|J].
Chi Medici Viod DI Educatt ; 2019, 40(3): 179-184.
s ; 12 at N . N e e
Chfnesez()]; 1(]11;4213)0 ;1;194 istance ucation o (0] Wi, 2, BUES, % BHEEBERNT
ina, , : 92-94. g oo _
D] R, SBRE. B, . 8RR R ZMRAE]. B AR, 2016, 37(23): 205-210.
YANG P Q, LI B, YAN T C, et al. Fermentation
G AR R St ()], B a5 2, 2015, 17(2):
140146 of blueberry pomace for the production of biomass
CHI; ] M MAS Y. LI HF Lp ) and protease activity [J]. Food Science, 2016, 37
, , , et al. Progress in
(23): 205-210.
ffecti g t d pharmacological effects of IR . s .
;uec 1V.e c;)rzponenRs dén[J]p;rn;aco odglcl;a e e;;lso (1] RFF50, Rigi, wilm, % SRR %ER
erariae lobatae Radix[]J]. Food and Drug, , . s .
ey 114 : ¢ B TE RO BRI L)) PR AR, 2021, 21(10):
o 343-352.
[3] SHUKLA R, PANDEY N, BANERJEE S, et al
ZHU D S, WU D D, SHEN Y S, et al. Research
Effect of extract of Pueraria tuberosa on expression . . . .
o ) progress on mixed fermentation of multiple strains
of hypoxia inducible factor-la and vascular endothe- . . .
for fruits and vegetables juice[J]. Journal of Chinese
lial growth factor in kidney of diabetic rats [J] # !
B gd' ) &‘Ph N Y 2017 95 £76 ' Institute of Food Science and Technology, 2021, 21
y ot s s : -
2;(;me icine armacotherapy (10): 343-352.
) [12] CANON F, NIDELET T, GUEDON E, et al. Un-
[4] JUNG H W, KANG A N, KANG S Y, et al. The . . . o
; _— 4 ) derstanding the mechanisms of positive microbial in-
t tract at. L e -
o :X e 0_ pueraria 5o Ea. anb 1.s malr? COH;] teractions that benefit lactic acid bacteria co —cul-
, , t obesit reasing t
potn puerbar;_n p_reveE 10 ‘;Sly T m“e;bmfg ¢ tures[J]. Frontiers in Microbiology, 2020, 11: 2088.
energy metabolism in skeletal muscle[J]. Nutrients, [13] #0676, B9, Mook, 45 5 R o

2017, 9(1): 33.

[5] CHOI Y, BOSE S, SHIN N R, et al. Lactate—for-
tified puerariae radix fermented by Bifidobacterium
breve improved diet-induced metabolic dysregulation

via alteration of gut microbial communities[J]. Nutri-

1 BE R 4 Bt 45 0 AR AR A 5T [0 & Ak Tk, 2017,
38(6): 155-160.

JIANG P F, LUO Q, SHI B Z, et al. Changes of
functional components and microstructure during en-

zymatic saccharification process of pueraria[J]. The



204

O

B

= QYA
=

R 2023 455 3 4]

[14]

[15]

[16]

[17]

[18]

[19]

Food Industry, 2017, 38(6): 155-160.
FRBAEMTAETEN S, B EeREhRE &
b pH B0 . GB 5009.237-2016(S]. db5T.
[l A i R, 2016 1-8.

National Health and Family Planning Commission of
the People’s Republic of China. National Food Safe-
ty Standard of the People’s Republic of China De-
termination of pH value of food: GB 5009.237-2016
[S]. Beijing: Standards Press of China, 2016: 1-8.
HRmpEEERAR, BEETEREENS. &
i g2 A E AR E B A SRR I A . GB 12456
2021[S]. dbxt: HhEARE S R, 2021 1-8.

State Administration for Market Regulation, National
Health Commission of the People’s Republic of Chi-
na. National Food Safety Standard of the People’s
Republic of China
food: GB 12456-2021[S]. Beijing: Standards Press
of China, 2021:. 1-8.

BEL, VPMEZE, ATTME. 3,5- TR ALK IR L ik
O O s & B B9 BFSE[)]. B RE A, 2008, 29
(8): 534-536.

ZHAO K, XU P J, GU G Y. Study on determina-
tion of reducing sugar content using 3,5-dinitrosali-
cylic acid method[J]. Food Science, 2008, 29(8):
534-536.

LI'J Q, LI W T, DENG Z Y, et al. Comparison

of free, conjugated, and insoluble —bound phenolics

Determination of total acids in

and their antioxidant activities in oven—drying and
freeze —drying bamboo (Phyllostachys edulis) shoot
tips [J]. 2021, 86 (9):
4223-4243.

ARALEL, WREE, BRE, % RE, WRMLAHER
iy F R R BRAE I BT SE[D]. P R AR, 2021,
21(1): 51-57.

70U S Y, PAN Y, CHEN X,

free radical scavenging ability of mulberry,blueberry

Journal of Food Science,

et al. Studies on

and sweet potato complexes|[J]. Journal of Chinese
Institute of Food Science and Technology, 2021, 21
(1): 51-57.

MOMRIE, BEETC, RBsE, . MR Y L
P A AL S T A A TE PEE ST A kR
., 2016,37(12): 295-300.

ZENG L H, DENG Z Y, YU X L, et al. Opti-
mization of the ultrasound — assisted extraction of
flavonoids from propolis and its antioxidant activity
[J].  Science

and Technology of Food Industry,

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

2016, 37(12): 295-300.

R T ATZ 2. BhEeRERE &
S A ALER B9 %E . GB 5009.157-2016[S]. b & .
Hh [ bR o Y RAE, 2016 1-8.

National Health and Family Planning Commission of
the People’s Republic of China. National Food Safe-
De-
termination of organic acids in food: GB 5009.157-
2016[S]. Beijing: Standards Press of China, 2016:
1-8.

i, XNE, RN, AL NI FLRR B I X R
DA e 3 25 Wy T % e AL T R RS R[], v Al B
2%, 2016, 49(10): 1979-1989.

LAI T, LIU L, ZHANG M W, et al. Effect of lac-

tic acid bacteria fermentation on phenolic profiles

ty Standard of the People’s Republic of China

and antioxidant activity of dried longan flesh[J]. Sci-
entia Agricultura Sinica, 2016, 49(10): 1979-1989.
BENINCASA C, MUCCILLI S, AMENTA M, et al.
Phenolic trend and hygienic quality of green table
olives fermented with Lactobacillus plantarum starter
culture[J]. Food Chemistry, 2015, 186. 271-276.

1R AT LB AR AE A R A R CHC LB
[D]. JeB). TR R, 2013.

GAO X Q. The hepatoprotective effect of Radix
Puerariae and Puerariae Flos against the alcoholic
liver injury in mice and its mechanisms[D]. Wuxi:
Jiangnan University, 2013.

GAYA P, PEIROTEN A, MEDINA M, et al
Isoflavone metabolism by a collection of lactic acid
bacteria and bifidobacteria with biotechnological in-
terest[J]. International Journal of Food Sciences and
Nutrition, 2016, 67(2): 117-124.

GAYA P, PEIROTEN A, LANDETE J M. Transfor-
mation of plant isoflavones into bioactive isoflavones
by lactic acid bacteria and bifidobacterialJ]. Journal
of Functional Foods, 2017, 39. 198-205.

CUI S, ZHAO N, LU W, et al. Effect of different
Lactobacillus species on volatile and nonvolatile fla-
vor compounds in juices fermentation[J]. Food Sci-
ence & Nutrition, 2019, 7(7). 2214-2223.

XE, ®WEIF, ATAR, % s IR E &
[J]. &5 %m0, 2013, 39(4): 114-118.

LIU R, HUANG Y K, BAI W D, et al. Fermenta-
tion of lactic acid bacteria in mixed vegetable juice

2013, 39

[J]. Food and Fermentation Industries,

(4): 114-118.



5503 % 453 1) ETFERSONFT EH LR LSRG E 205

[28] RTitk, HovE, HEA, % HEAETARENE tion characteristics of lactic acid bacteria in blue-
BERrPE)]. AR MR, 2020, 36(3): 159-166. berry juice[J]. Modern Food Science and Technolo-
WU W L, YUY S, XIAO G S, et al. Fermenta- gy, 2020, 36(3): 159-166.

Screening of Pueraria lobata Enzymes Fermentation by Lactic Acid Bacteria
Based on Principal Component Analysis

Yang Yu', Li Hongyan', Deng Zeyuan', Fu Xiaohua?, Lai Changlong', Fan Yawei"”
("Nanchang University, State Key Laboratory of Food Science and Technology, Nanchang 330047
’Jiangxi Baihe Pharmaceutical Co., Ltd, Zhangshu 331200, Jiangxi)

Abstract Six strains of lactic acid bacteria were used for Pueraria lobata enzymes pure fermentation. After fermentation,
the number of viable bacteria count, pH values, total acidity, reducing sugar content, and total phenols content of
Pueraria lobata enzymes were determined. Two in wvitro antioxidant activity determination methods (ABTS and FRAP)
were used to evaluate the antioxidant capacity of fermented Pueraria lobata enzymes. The contents of major isoflavones
such as puerarin and major organic acids such as lactic acid in Pueraria Lobata enzymes were determined by high per-
formance liquid chromatography. A principal component analysis (PCA) method was used to fit the overall data and es-
tablish a comprehensive evaluation model to select the strains suitable for fermentation of Pueraria Lobata enzymes. The
results showed that the fermented Pueraria lobata enzymes all had a viable count of 8.0 lg (CFU/mL) and the pH value
decreased to below 3.60. The reducing sugar content decreased from 9.1% to 17.9% after fermentation, and the total
acid content reached up to 8.47 g/1 000 g. The composition and content of organic acids changed significantly. The total
phenols content of Pueraria lobata enzymes did not change significantly after fermentation, and the in wvitro antioxidant
activity was effectively maintained. In addition, the contents of daidzein and genistein increased up to 40.7% and 39.9%
after fermentation. The PCA results showed that cumulative variance contribution rate of the first three principal compo-
nents was 85.9% , which could reflect the quality of the fermented enzyme comprehensively. Lactobacillus delbrueckii
subsp. bulgaricus GIM1.155 (1.825 points), Lactobacillus acidophilus GIM1.321 (1.174 points) and Lactiplantibacillus
plantarum R4 (0.621 points) ranked high in the overall evaluation score, indicating that they performed better in terms
of growth, metabolism and functions. Compared with pure fermentation, the quality of Pueraria lobata enzymes prepared
using these three strains as a mixed starter culture was improved. The results of the study can provide a theoretical ref-
erence for the mixed culture fermentation of Pueraria lobata enzymes.

Keywords Pueraria lobata enzymes; Lactobacillus; principal component analysis; mixed culture fermentation



