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Abstract: In order to improve the utilization value of grains and small berries, the fermentation liquid of kidney bean and
haskap was prepared by compound lactic acid bacteria and the fermentation parameters were optimized. Specifically, four
kinds of lactic acid bacteria were selected to inoculate and ferment the composition liquid of kidney bean and haskap. After
screening the compound lactic acid bacteria based on the number of live bacterial count as the index, the process parameters
of the composite fermentation liquid were determined using single factor test and response surface optimization test, as well
as its physical and chemical properties, biological activity and antioxidant capacity were evaluated. The compound lactic
acid bacteria L1:L2 was selected and inoculated in the composition liquid of kidney bean and haskap. The optimal process
parameters of the composite fermentation liquid were a compounding ratio of 1:1, an initial pH of 5.0, an inoculation
amount of 2%, and a fermentation temperature at 34 °C. Under these conditions, the live bacterial count in the composite
fermentation liquid was 9.89 lg CFU/mL. The maximum values of total phenol and flavonoid reached at 16 h during
fermentation, which were 2204.96 ng/mL and 701.09 ng/mL, respectively. The antioxidant experiments showed that the
DPPH and ABTS" free radical scavenging rates of composite fermentation liquid initially increased and then decreased
slowly, with the highest scavenging values of 98.23% and 93.77%, respectively. The optimal process parameters resulted in

T, % S-SRI A R S M TR - 223 -

a strong antioxidant capacity in the composite fermentation liquid of kidney bean and haskap.

Key words: kidney bean; haskap; lactic acid bacteria; process optimization; antioxidant activity
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ARSI o-VEREF(200 pL/100 mL),
KU 97 °C, Witk 20 min; BEE VAT Z 50 pH R
4.5, Jin AKEALERF (200 pl/100 mL), JK¥& 60 °C, ¥ifk
30 min; #EHESEGN N 40% ZEAEK, FTHR )G 2.5%
IRIBCT, 22 IR 30 min.

1.2.2 BHFEINEIL AP FLER P R 2= MRS A
BrgRIL 37 °C £53% 24 h, PR RIZ AP 22 MRS [ {4
BrgR3E 37 °C K537 48 h, PRBCAEE A E MRS K
I FREh 37 °C 1535 24 h, EEAEF AR LR
.

1.2.3 EEFLRR A & BE PN M R RS54t s
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37 °C. JFCRMEEC WA 101 FUERIET, F R PiFh
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RIEFERTRI5332h 16, 24, 40 he

124 BREFEZILIEIT ZC-HEEERE SIS
pHS.0, FRMEBE LB 1:1., B REFLER B EFh i 3%,
37 °C KW% 16 ho [HEHAMSASE, 535055501 hE pH
(4.0.4.5.5.0.55,6.0). s ERLLFI(1:5, 1:3,
1:1.3:1.5:1), FRE(1%. 2%. 3%. 4%. 5%). &k
PR (31, 33, 35, 37, 39 COXET -k RE &K
BV TE PRI Y 5]

1.2.5 mip kst H Design-Expert 10 #0144
' Box-Behnken Bifl, PIZE 5 - HESRE & A B TS
PEECHN N AR, $EF 7RI pH . R RIS 3 4>
PR ZO0] 25 - W e AR O R TRV T 280 i 7 [T

BT, AL AT T 2280, G R ZKSE IR 1 Bios.
# 1 Box-Behnken iI6 153K & KK

Table 1 Factors and levels used in Box-Behnken experimental
design
ESES
7K - = R
AYItHpH B (%) CAMEREE(C)
-1 4.5 2 33
0 5.0 3 35
1 5.5 4 37

1.2.6 IHWEHEIE  SRAPPAGETTHE DIsEY &
B % (1g CFU/mL) A T34

1.2.7 ZEG-IEEERE G & W & R v B e BT
Kl FAH pH THX & B Y pH ST ; =
2% GB/T 12456-2008 £ & R i 7k Y <2
R FR  ER 5 s R ARG SOM RE k lE R
TRl ETE Y R 3,5- AN IR KA AR RO Xt &
P ik B o A SRR S e IR T I 2R B e R SN
y=0.1218x—0.1523, R>=0.9952,

1.2.8 ZEG-iEEEIRE G & B & B R A e T
JR AT A

1.2.8.1 SJBISE R Folin-Ciocalteus il ZR1,
B 500 pL & KB, INA 10% FEMEER 2.5 mL,
IRAJHE 4 min J5, LA 7.5% Na,CO, % 2 mL,
HESGIZ B, 40 min 5, 78 765 nm AbME W G E . ¥
B TR T T R R 2R M 18] UF 5 RR S y=0.0084x+
0.0179, R*>=0.999,

1.2.8.2 BEEIME  SRA NaNO,-AL(NO,), Hufaik
MxEP, B 500 pL & & AR, A 5% NaNO, %
W 250 pL, IRAJHE 6 min J&5, JIA 10% AI(NO;),
¥R 250 pL, IBRSEE 6 min J5, IIA 4% NaOH ¥
W 2 mL, 284K EZR, IBSIHE 15 min, £F 510 nm
A0 5 W A o B T B T R TR I R BTy R A
y=0.0413x+0.0349, R*=0.9994

1.2.9 =G-IEEERE G A WRCR AR b AA bR
T

1.2.9.1 SOD I Jy il xz i JH & 4 Ak 9 157 £k g
(SOD, U/mL) M &M & o

1.2.9.2 DPPH H HFIEMRFRME FHAI/K O EEED
# DPPH ¥ # 0.2 mmol/L, #GARTTE . HL 2 mL A~
[F & PERtE] (0. 8. 16, 24, 32, 40, 48 h) & A KWK
TP, A 2 mL /Y DPPH &I 354, IE SR
BESG R 30 min, 7E 517 nm PR 0 H 02565
Ay, 1 2 mL Bk S B DPPH W, IO GRS
h A, FH 2 ml ZEMK AR, ML SGEE S Ays
DPPH [ FHEEBRFI A AN T

DPPH A Hi 375 (%) = (1—A‘/; Az)x 100

0

o Ag: FORZE FHALRIROGIRS A 208 R



5 46 % 5 34 O, 4 SRR A AR T S R A - 225 -
HIROGAE A,: %] IRZH RO GIE A, FER R /N B A B ) A R RN A A

1.2.93 ABTS 'H HEIERAE 1M 5 El #4019
140 mmol/L i3 HREZAF 440 uL ANAZ] 25 mL 7 mmol/
L By ABTS 5 P, 153 ABTS" A 2 TAER, #6
S 12~16 ho fHFHET, F 95% B 2 FEfi B, i L
FCEFE 0.7+£0.02, 1.5 mL A[FE A BEHFIE] (0, 8. 16

24,32, 40, 48 h B & EBFW T IIA 1.5 mL ABTS
B, ZEIRBECHCE 6 min, 734 nm I & W 56 2
Ay, FH 1.5 mL ZEIB/KACER ABTS WU, I 0GB
b A, JH 1.5 mL ZEWR/KAE A B R, DL O
BER Ao, ABTS' H HHIEE BRI AT

ABTS" [ H1 3535 4 2.(%) = (1—u)x 100

FH: Ay TR HA I SEIE; A TR KR
AR G A FEonXot REZH ARG .
1.3 HELIE

PIRSE I E S 3 K, SR SPSS 25 #ETHH
KT 2N (ANOVA) KA HT . R Design
Expert 10 #7 Box-Behnken #%  F 47 0] 1 1] 128 56 15
M43, Graph Pad Prism 10 $EE . P<0.05 #ff
RERNEAA G X
2 HBRESH
2.1 EEIAREABEEMHEE
2.1.1 ZET-ERERE G EBERCE RN . K EETE]
AR RE A FORHE R I R v = A 1) A
EIHRESER IR AL A P AT S AR B PR AR AR K PR A1 sk
PR, K1 k2R E*E%EA&E%{&&H%&%IEPT
[RILAR B i A K a3 As k. T-ERERE G R
W, 2R L5 L2 [ilfffkﬂﬁﬂijtﬁé RN =
L3 5 L4 BEkR. #:Fh L1 A L3 PR X BZ 16 h 7%
PREGA 2R, TRRR L2 76K I 24 h B B 80RO,
BER L4 72 A1 40 h BHE EBGA B K, FIk, 2
FRESRE L1 A0 L3 A 2 IR (0] A 16 h, BEFh R ik
L2 My AE R BT a] Sy 24 h, 3ERVEIRR L4 RiER
TEERSTTE] A 40 h,
1or mm 0h
mm 8 h
B 16h
B 24 h
E=m32h

/40h
148 h

WG E %L (g CFU/mL)
O

L1 L2 L3 L4
ENEIEL7S
BT ANTR) LR R A e e s B R 28 Ak

Fig.1 Changes of viable bacteria number during fermentation

of different lactic acid bacteria

T ANR/ING RS A [ e 6] ) 22 53 R 251, P<0.05.
FUMR B A A A TR A= 1 A Jo A g ™

o AE FIRSEIGAS B 10 25 LI TR e AE A IR TR] frdg
fith PR TRERhE AL, B 2 AN R LR R
Xof 25 N - e R 2 G R IR TS TR B S e . AN
K 2 Bz, L4 FESE R R 2% B 3 PR A R, 15 3
9.30 lg CFU/mL, L1, L2 fl L3 7EFEFh &8 3% B
R, 4354 9.38. 9.41 F19.14 1g CFU/mL.
I, BEFD L4 102 G R A e A BB R iR 2%, L1,
L2 Fil L3 pEcfddfhm iy 3%,

101
- %
~ - 2%
.751 a a a mm 3%
=) chb a . 4%
o9
o 9| bHb d = 5;%’
L0 c b =6%
5 f ¢ i
" e £ 4 c A (T
= ed de
8
L1 L2 L3 L4
NS

P2 ANTRI LR i X6 AR 52
Fig.2 Effect of different inoculum amount of lactic acid
bacteria on the number of viable bacteria

e ARV NG PR RPN 1 25 5 i 2, P<0.05.

2.1.2 ZET-ERERE G R TR R AR A 0 Ee B e

PRSI SRR B 2SS ERE R G, il
L1 S L2 AR R EIK S F L3 5
L4 MR, HILES L1 5 L2 B ek & B & B 16,
24. 40 h, PR 3% AT RIBRE BC LU BIMY Tt .
Pl 3 AT, 305 B AR A LI PR A2 I B ) 1) A b S S
FIHE TR, L1 5 L2 ZESHH Dy 101, &K
A [E] 2k 16 h B, VS PR EUE 1A B &k, o 10.55 1g
CFU/mL. 43HTit B IEEIAEE, WP ZLIR R AEFE—E 1Y
PRI A AE, 6 B s — AR & B R, {3
L1 BEFP & S8 2 S 806 W0 T R, "TReZ2H T
L1 AR AR K R AT S 300, N B PEaE B HL ]
AT AR, bR L1 5 L2 EECEEh 101, &l

121
K]

]2
]
2]

TG %L (g CFU/mL)
=)

16 24 40
KHERSE] (h)
3 FLERBE & BC H (X6 B B 52 )

Fig.3 Effect of lactic acid bacteria combination ratio on the

number of viable bacteria
e AN/ INE B3R A [R] & BT (B A () L 81 42 I L6 7
25 W, P<0.05,
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10.0

9.8
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4.0 4.5 5.0 5.5 6.0

w
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1:5 1:3 1:1 3:1 5:1
JEURHE 1)

@!

—_

<

W
1

a
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9.9 ! ! ! 1
1 2 3 4 5

i (%)

w)

10.4 -

10.2

10.0

9.8
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9.6

94 1 1 1 1
31 33 35 37 39

KBEIRE (°C)
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Fig.4 Single factor experiment results
1 A-pH; B-JURHEL Bl (G2 B F 5 e SR ) C-Hefp it ; D-A& i
TRLEE; ARG RN AN R H 3R 28 57 3, P<0.05.

B P 2B, S 2L B Y AR K, 2R
G AL R A K B A S AR S . B BRI LR T
IS BT pH, PRI RE pH4.5~5.5 EF 7003 il o

FHIE 4B P21, B e SR 7 EL B i 16 B O
Uh FFF, EER G 101 B2 iE e R A R
WS P AGA B =B, M 10.23 1g CFU/mL. 36 H.
M R LB R PR AR, 3 1L IRG A
FTZLIR B 10 BFH, PeiE 2 G LR IRTE R B ™A
A=Y . kPR E Ee B 1: 1 1 T)5

FHIE 4C R, 25 -5 e R 2 A A RS TR A
M G FLIRR R AN R ESe D HHE R, R
N 3% IS E RO BNIE(E, S 10.25 1g CFU/mL., 1%
Fhim 0 i IR & BN 2 G LR b i AR ROH R,
MR O L S A LR B 03 B LI, TT RS 4E
S0 DR I B i H 3 L D B S %P B A, R AR
F NS TR I T FER ), AR TRk e 22k
KM SRR R R, B EERefP E 2%, 3%.
4% FEA7ma N E LAk

FH & 4D A1, Bl R EERBE T, 2GS R
TS R AR B L FH S R RS, TR R TRIRRE
SN 35 °C B HGR EEGAF B R, S 10.17 1g CFU/mL.
RV SR 0 A A 3 s i, TR e v st
{RHIAF T FLIRR B 1 A K TR ) A2 T, DRl dedse 2
BEIRJE N 33, 35, 37 °C BEATIA N AR5 .
23 MNEIREERS S
2.3.1 WA TEIRPT W EUR R BFLIR R AE K
B EEAKYE, AT DLW LR R 25 - he R B A R
B P g A BRI . RIS Box-Behnken izt
B PE I, LIRIUA pH(A) | R0 (B) . KR
(C)3 MHRNER FZE M K FE, LA PEECh I N A,
Bt 3 KIER 3 AR IOAR AR . BTy 58 Mgl
LR 2, I EAEE MR R Y=10.16—

% 2 Box-Behnken ik 5 %11 S 45 5

Table 2 Box-Behnken experimental design and results

K5 AWItApH BHEFhE  CABHRE  TERE%(lg CFU/mL)

1 -1 0 -1 9.90
2 0 0 0 10.16
3 0 0 0 10.20
4 0 0 0 10.18
5 0 1 -1 9.79
6 0 -1 -1 10.07
7 0 0 0 10.14
8 1 0 -1 9.94
9 1 -1 0 10.10
10 -1 -1 0 10.11
11 -1 0 1 10.06
12 0 1 1 10.03
13 0 0 0 10.12
14 -1 1 0 10.13
15 1 1 0 9.85
16 1 0 1 9.76
17 0 -1 1 9.93
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0.070A—0.052B+0.011C—0.068AB—0.084AC+0.093
BC—-0.076A%—0.037B>*—0.17C?,

FHR 3 AT, Prisk [E )= A5 P<0.0001, i
% YR Z 30 [B] U5 7 FRAR AU A 3 AR LIRS
(P=0.5225>0.05), FRHHARFN A X SLIG SR TN,
FERISEREIE 2 . BRI EIE R R S 0.9784, FRAASL
Bl A S IE U REAY-, PRI AT A AR TR0 A 53
B E G R ER R T 2S48

3 M AT ] YIRS e 5 25 3 4 R
Table 3 Response surface regression model and variance
analysis results

TrFAUR BZEFITR AMIE BJrR FE P REME
et 0.30 9 0.033 3520 <0.0001 ***

HEpH(A) 0.039 1 0.039  40.80 0.0004  **
HFhiE(B) 0.022 1 0.022  23.09 0.0020  **
RBEREE(C) 9.136E-004 1 9.136E-004 0.96 0.3598
AB 0.018 1 0.018  19.40 0.0031  **
AC 0.028 1 0.028 2956 0.0010  **
BC 0.035 1 0.035  36.69 0.0005  **
A? 0.024 1 0.024 2543 0.0015  **
B? 5.650E-003 1  5.650E-003 5.94 0.0450  *
c? 0.12 1 0.12  123.35 <0.0001  ***
B2 6.660E-003 7  9.514E-004
RAUT 2.649E-003 3 8.830E-004 0.88 0.5225
WP 4.011E-003 4 1.003E-003
Javil 0.31 16

e * PR B, P<0.05; **FIREFRFEE B, P<0.01; #*+LR2EF
W B3, P<0.0001,

JTRE—URIF R A T, B X5 A A IR P B
sz 3k B & 2 KOV (P<0.01), 32 HL1 AB.
AC., BC X B B0 i i BE i 35 (P<0.01) . #5 PRI 3R
X A2 R B TR PR ESORE MR U U SR iy pH>12h

CFU/mL)

FEHEEL (g

h

2.00 ‘
450 470 490 5.10 530 550
A: pH

>R E
2.3.2 ZLHEERSHT MU LE R &’ 5 A
FRAE HAE R T 500, 3B Ik — i L R
LR ERE AT, WG pH. 22 0 3 1T R 1S R R
BEREHR, FRWIXT A & W WG B 8052 ) i 25 (P<
0.05) . #5FHZEI HAEMAE SR IE IR, Bl sg
BAEFHRE ., XS5 R HE ST
0, X PSR ) B 2 A A8 B ) 45 pH FEERD
i I HIIAE pH AR BRI LU NS B IR R
KPR

MR YA AL i3 Design Expert FA443H7 1 15 5%
41 R W ih pHS.07. R0 & 2%, K iR E
34.43 °C, {HEECTRIMME N 10.19 1g CFU/mL. 454
SEBRNFH, 5 RS AR PRI 2R 20, K S50 S5 AR A
WIf pHS.0. FEFP &L 2% . ABRIEEE 34 C, R¥n ik
LA TR, 25 O BE R G R R I PRI AR Y S
BRME R 9.89 1g CFU/mL, SHUNMEAHYT, 7T LTS
SRR AT TS AL S
24 =E-HRREAABRABTIEPIELMERMN
Tk

B 6A NE G K BHRAE KSR pH A1
TR BIASAE Ak . Bl 2 IR TR] AR 0, pH 22 B0 F B
s, AKX 0h EAEE 16 h -5 KB pH &
TR 3.64, 5 FIETEZEERE: 48 h FIFERE
3.42; PR EIL_LFAEEFE, 0 h 28 0.05 mg/mL, Kl
16 h °4 0.27 mg/mL. pH M SFRAEfL AT fE2 T
T e R I R i KRG, THABRE A Q™ A
PRSI =4, AT T35 pH BRAKT FLER & oy
K. de la Fuente %50 F| A FLAT B TR-71 KT
P A W ORME HL SR & i T

i (Ig CFU/mL)

33.00 3.00 «
450 470 490 510 530 5.50 X 250 3.00 350  4.00
A:pH B: #FhiE (%)

K5 AP ERAE AR A WA

Fig.5 Influence of interaction of various factors on the number of viable bacteria
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Fig.6 Changes of physical and chemical properties
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TE: A- BRI pH; B-IC SRR AT V1 [ 45 AN R RS bl
NN T PR R T 5 B I DM 35 1) 28 e L 3, NI/ 5
BE R IR AN [ & WE I [R] pH K vl % 4 [ 9 1 22 5% W 2%,
P<0.05,

&l 6B R 5L A R IR R IR Aok Bt v a1 D )
TR JFE S B ARk AT PEETE ) & 50T B0
B A2 PR il T, 25 - R R G R I R T iy AT i
PEBIE YR S,  12.4% TREE 5.3%, iR
JERRA A A A 1 F BRI, S5 SRR, i )50k
TER T 16 h U N %, H 35.10 mg/mL R REE
25.22 mg/mL, 7B ZLAR P P AR & BERT A DO VE AR
W JEME, 7E KT 24~48 h S IGE 2 T Regtast; mr
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B R ARG AN R TA BTN . R A A R W R
RS BT E/NMIE RS ST SR TER
% 16 h Gh i & & ik 2% 5, S 2204.96 pg/mL, ¢
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Fig.7 Changes of total phenol and flavonoid contents
of composite fermentation liquid during fermentation

e A-RY; B-BER; AR RING AR R R [R] & A ] S B
R G A 22 5 2, P<0.05.

KA T ARRHE SN B A, B A i R

i & 7B AT, 25 S -iE e R R A R R R AL
AR R SRR e TS 2R R s,
ALK 16 h iAE i KIE 701.09 pg/mL, 3 0 h T
=T 138.01 ng/mL. HEMZLIR P L feh, 255-
W e IR B R P 5 RS ELR 44 5 1 et sk
BRI, FEGET SR BT, REE 24 h s,
il 5 2 TP UG A /INIE R B, T BB AT R S s
R ALK S AL R B A X s
Shi 2P @ FLAF I THT78 R BEPE IR IH45 5 —
. AUFFTEERM, MZbE9) . SSER AT i 5 55
RERPUEAT S BT E RRR R O, 2
ZEB LB DPPH [ fH LW BRAE TSI A ABTS H i 3%
T BREE T 5 e R B I IS S S AR A IEAH O
26 =E-HRREAABRABEREFMEMNENE
Tk

SOD J&A= A P T [ i 2L R, 7T T
PHEPUEARIETE . & 8A SRR AR SOD W6 F11Y
AxAk,, Bifi &2 ERSHR] A9 5 SOD 3% Ji{E s EFHE
B, IF7E & TE 16 h B3k Bl 55 = {H A 435.69 U/mL.
X 5 e B 0 A T A SR . KR
SOD & J1 .35 T K (P<0.05), Tl B2 th T 76 B Wit
RS WK A A s b, 53002 A LR TR A 1 AT A
BB YU/ L, B0 2 Pl i BRAIG, 5238 SOD 7% /)
%[34]0

nE 8B ShZE M-k I B R & e R
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Fig.8 Changes in SOD activity, DPPH free radical scavenging
rate, and ABTS" free radical scavenging rate of composite
fermentation liquid during fermentation
IE: A-SOD i J1; B-DPPH H 235 R 35 C-ABTS'H i 2k
B35 ANTA] /NG - BE R R AN ] R TR0 A M Y 22 5

=, P<0.05,

DPPH H 3L B FA b . Bl A & B2 B ] i 385,
DPPH H HIELEIRRE o L FZ e as, 31k
AR R 2 A R R IXT DPPH A i3 BT 75K RE
J1,AERTEE 16 h i N 84.31%, & B2 0 h 3T
T 0.31 1% (P<0.05), JFE K ¥ 32 h ik B & KIE N
98.23%, Ui HH & IRt ] it 35 KA R F DPPH H H 2%
HEREE T AT, HEN AT REE A T RLER R A e AR
Ty 2 o 2 R =42 L & SOD 45 Dy & il I ) 4
JH, {fi DPPH [ H 05 BR %4 rit Jt . Wang 5507
I FLAR TH & B RS AT IR R I 28 i S b A fb
WG PEARL, G5 R R, R EITRETT T AR | 2B
R %A AT Bh PR 58 B9 85711 DPPH A b L& KR
BEI

ABTS™ [ H 02— PR AP e BN RRE 1Y 2,

SPTEA T 2 A IOV B AT A 2R R e, I HL TG
B AT 31580 AR S B9 ABTS A 8 35 15 B9 &
8C NZE W -EHEIRE & AW KT P ABTS'H
F B BRAE 1 AR fk, Bt & R a9 2B ABTS H
rILVE BRBE J15E B TS TR, TERTTE 16 h iE5R%R
SR 88.11%, AR FEWIIA 12T T 0.21 £%(P<0.05)
Floegel %P7 W5 R 2 1b 595 ABTS A A3t
IR VI R . Gl G FLRR T & 75 25
W A R TR R B T A B S T, i
T HER RIS - R S A R R LA m R
PEREA
27 =E-HRREAABRABITIEP KIEREX
a2y

2 4 Ry - R G R IR R R T R
fiy . ZHR . SOD #5 /7. DPPH H 351 ABTS"
1 HH I BR AR A AH DGR 53 BT, 45 IR R W] 25 - B R
A R TR A RN R - S P A e A R AT
FIIEAR M . H 6 4 R0, BLEy ) B 5 DPPH [
Fh JLTE B S B 0 2 E A SC (P<0.01) . FLEREE &
P A) A I e T B SR BT AR BE 71 . Wang S50 48
T T —ARFLER PR 7R & T A2 Hp o 50 H 2 - 1 2 o
Fit AL BE J1 nsE i, B2 /R ARAHC 53 BT i 2 DPPH
1 HH 2L BREE 55 0 RS AN A B R A I PR IS L S
R B IEA S (P<0.05) . FERUPEER J14T T &
P 5 2P 2 o ST RIS AR D T, B
B S-S DPPH [ A 367 BR 16 Tk S A 5 A o6
(P<0.01), X S5AMFFTLER—FL,

K4 RS LRSS EOR RN
Table 4 Correlation of parameters of composite fermentation
liquid in fermentation process

SOD DPPHH % ABTS'A ik

ik A T
S 109917 0038  0.882" 0.638
BT / 1 0095 0.879" 0.725
SODif /1 / / 1 -0.305 0.328
DPPH H I EEBR%E / / 1 0.672
ABTS"H HIHEIERRA / / / 1
e *FoRER L, P<0.05; **FRR2EFHBE, P<0.01,
3 45

FIH L1:L2 F AR R G- R R E S
71, ZEERTRICA 16 hy JEURHE BC LG 1: 1, 388 5k i g
AT B L T 228 (WIhh pHS.0. 48RP EE 2%,
KEIRE 34 °C), TR IERE EXF 2SS R e Ak
PR 2 sl A v P B o . AR T P s ST
ke AR . i, B EE 16 h 9. 5 EHIRA
FERTHE T T 886.90 png/mL, Bl & B4 & RT3
T 138.01 pg/mL, DPPH [ HH LTSRS L EE 0 h #2
F+T 031 5. G- WHEERE A& AR AR P
Ay B HE A S S DPPH [ I ELE SR BN B IE
FHOCH: (P<0.01) . KR, B G5 LR TR & A Al 123
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