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Abstract: To investigate the effects of microbial solid-state fermentation on the multi-dimensional quality of mung beans,
whole seeds were fermented with Aspergillus niger (fermentation temperature 26.5 °C, inoculum concentration 8 mL/
100 g). Changes in the nutritional composition, bioactive substances, antioxidant capacity of mung bean, as well as the
physicochemical and digestive properties of mung bean powder during fermentation were analyzed. The results indicated
that during solid-state fermentation, the levels of nutrients and bioactive substances in mung beans significantly increased
(P<0.05). On day 10 of fermentation, the concentrations of protein, essential amino acids, and soluble dietary fiber were

1.13, 1.06, and 2.65 times those in unfermented mung beans, respectively. The contents of y-aminobutyric acid, free
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polyphenols, and free flavonoids were 3.29, 3.42, and 1.81 times higher than those in unfermented mung beans,

respectively. Additionally, with the increase in phenolic compounds, the antioxidant capacity of the alcohol extract was

significantly enhanced (P<0.05). Compared to unfermented mung bean powder, the fermented mung bean powder exhibited

a looser structure, higher solubility, and increased water and oil holding capacities. Rheological analysis showed a decrease

in the viscoelasticity and an increase in the fluidity of the fermented mung bean powder. The anti-digestive properties of

mung bean powder were enhanced after fermentation. On day 10 of fermentation, the proportion of resistant starch was

21.16%, and the eGI value was 39.99. This study demonstrated that solid-state fermentation with Aspergillus niger can

improve the nutritional quality of mung beans, enhance the physicochemical and functional properties of mung bean

powder. The findings are expected to provide a theoretical basis for the comprehensive processing and utilization of mung

beans and the development of high-quality mung bean fermented foods.
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FRZS A5 ATk 280y . OEIREN  S3ATal, 1077 2R T
AR
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1.2.1 RBhEFh i RIS TR T
Czapek’s Agar [H {4} B 52 5L, 28 C 537 5~6 d,
SERE ISR, A0 1 WR~2 W . Ak B
#5544 28 Czapek’s Agar [EARIT 3 IR FEHEA T
15, 28 C TR K L T, YR 52 vhisk
PRAAE T, T BT . R R AT AR I R 1
PREL, TOPRZKAE SHFa e & 1x10° CFU/mL 17
R I AR A o

1.2.2 JFoRAb IR g OEBRE A 1:3 digK T
25 °C IR 12 h, KBRICH . st LB AP, R
B 50 g M EEAR T A A 250 mL K # 1Y ZEAETE
L BEZKIAE 8 min, BT HBERAE S 47K 30 min,
SRR o

1.2.3 [E&AEE 2% 3C50ni S R RA i
ZEH SR R i B A R Pk 5L, HAAE R R K
P 3 s G HEIE T2 A 8 mL/100 g #e &k
1x10* CFU/mL BB R T, Fe401R5), I is
FEIRPE 26.5 °C | W5 FFIBIE 80%, BEAT [FA L 1EA
B 0.2, 4.,6.8. 10 dHBFE, FEAFKN UFM., FM2,
FM4. FM6. FMS8. FM10, KEZ58 )5 121 C SEK
PH 10 min, BT 45 °C MARHLT 2= EE, ¥yt 80 H
75, VKA 4 °C A1 .

1.2.4 EFEST & SAHCERE HEME SR B
VERT . SCREEA R S RS R A A St L. S
HEVERT & i BR AU & =N E =75 GB 5009.5-2016
B R AR SR I E D s e s R AR I Ei
EZ% GB/T 5009.6-2003 £ B A AN E J7 st
AT 3 2 BE0) 4 P 4500V 114y T  m] s P
£F 4 (Soluble Dietary Fiber, SDF) . AN MG &£ 4E
(Insoluble Dietary Fiber, IDF) & & . K o-1€#y
fifg . 25 AR 2T AR 2R . N8V R S A DGl T
HEATINAE o

1.2.5 ZILMRA LS EINE S Wu &7 [k
SR A B B2 LR 5 AT A SRS K2 B T S A o v K i
SRR B AR L. FRIGE A &, TR A
5 mL ERFRVEW, A ARG K IR AR /K i 22 he K
IKfE g, FHZRIB/KEZYZE 10 mL, WZHX 0.05 mL
PRI 15 mL 248 P, Z ST, A 0.02 mol/L £k

FRVE R E A ZE 2 mL, i 0.22 pm fFLYERE, AL
Eo BRI S EITE AT
_(C-C)XVXN
X(e/1008) = —=6000

s X RoRKEA A S5, g/100 g; C IR
GREIRHE(H, me/Ls; Cy 28748 FIXTIR A A S ki
FEAH, mg/L; V RESERL, mL; N RosF B
m RARFREEE, go
1.2.6 y-ZETREEME p-25ET R (y-Amino-
butyric Acid, GABA) 7% i 2% Tan 55" (19 J5 % .

FREL 1 g 8585, il 50 mL 7K, A7 HEHL 2 h, 4000 1/
min &0 10 min, B_EEF# 1 mL ITA 0.4 mL 2
ZB P . 2 mL 4% S 0.8 mL 9% YR EFREN, kK
WINF 10 min, 7 BITRA VKK 1, B0 i 25 (0728 R s
L5, A 2 mL 60% ZEERE], 645 nm P K E
FESOCE . DL GABA MR G ALBR, WG AN
ARFRZE AR E LR, (51507 72N y=1.2329x—0.0036
(R?>=0.9957).
127 WEZW & EIE BB EIFRIL S ¢
BES, A 50 mL 80% Ja/K £ B, #75 #2HL 2 h,
4000 r/min &0 20 min, B FiE W, VUG 5 2 0
2R, B DS, ERUA )G, KO ERE
15 mL, #K$6—20 C RS &3 Xie 55" 197
VRN RE YRS 22 W L YRS TN A

Z 1 B A SR FHAR RIS LY (03 LAV B TR
JoT VA BE A AR AR, WO R S A A BRI AR D £k,
[\ )59 77 72K y=0.0091x+0.0153(R?>=0.9984), 4T %
Ty P BV T 8 3% I 42 BB s v 1l 28 1) Jh 25 0 a2 Wi
YERE

T S AT T R R S R AR AR, IO
JE AR PR bR 2, B 7 FR A y=0.7972x+
0.0574(R*=0.9969) , 1& B i B 8 1% o ¥ Ar vk th 2%
PR 7 TR R WG
1.2.8 priafbre e SRAdE R ERHLA
B2 7 AT #2445 7 DPPH F FH 375 Bk i ik & .
ABTS"' [ HH3E7E BRAE 71307 & . FRAP A5 RE 73
&Rt 1.2.7 TR B B B ThU A TR RE
ME .
1.2.9 RUSHOMEEHIME S8 Xu 5520 197k
FHVEME A, 5 R TR o % OB R T P IR XL B, 56
TEHSNRAR A T P ERA LR RS 2 T S A3, i
HHHLE 10.0 KV BCRAEEL 10000 5049 554~ WMEAE
SIS A, FOERAE SR 30
1.2.10 SREBYIEAREE KK Syl 2 ig Li 4501
FO DT R IS, HERRFREL 0.5 g #E45, A 8 mL 2%
17K, 80 °C /K¥¥RI% 30 min, 4000 r/min &> 20 min
Ja, BUEIEWR 105 °C MEARHLET 2 EE, TR

S(g/e) = nm_lz
Ple/) = —

. S KREME, g/g; PRRIEIK T, g/g;
m, FRAEREE, g; m, 38 NISWBLT /S8 i
i, g my FoRES DIERIGERTTR, g0
1.2.11 SRGHFR I R pm e 288 Sobowale
SER2 Y RS I B, MERRFRER 0.2 g #EM T 10 mL
B, A S mL ZEMR/K/ZEAESENIN, 37 °C Y635
1 h, 4000 r/min &5.0> 20 min J&, 3% F 15, TR
& AR
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Wi(g/g) = e

K. W FRRFK/AFIMEE ST, g/g; m FORFET B
iH, gs my FNROKAMERES AT, g,
1.2.12 WARFRRPENE SRR IR R RS
o, MERRFREL 5 g BESL, JINA 35 mL Z848 7K, 87K
3 min, P AWHRE PR . FSU AR A5
e 5 min, BCE ST UIECRE 1~100 s 61y, 105K
XU B B 5 D103 N A8 Ak ShA AR : A i E:
5 min, BB N AR 1%, 76 0.1~10 Hz #7453 4
T, IO AARER L G PiFERLE G RERTRIYE(L.
1.2.13 AR E SRR AR AR AE0PY 19 7 ki
RELE G AEIEAL R P A o . LA AR AR
mm gl AR vE Rl 2, BT U7 B SN - y=2.8017x—0.0018
(R*=0.9984) . VIFEMI K A AL bR, TH AR E] A
YA A b, 2 il KO fE it 2. D TE A6 UE B (rapidly
digestible starch, RDS) . & 75§ 1L 7€ ¥y (slowly diges-
tible starch, SDS) . HL M€ # (resistant starch, RS) |
A b AR i3S E (expected glycemic index, eGI) 2y
AR

(Gu=F)x0.9

SDS(%) = w %100

(TS-RDS-SDS)x0.9 y
TS

RDS(%) =

100

RS(%) =
AUC,
AUC,
eGI =39.71 +0.594 x HI

Fr: RDS FonPaHARTER & 1, %3 G,y 28 TH
At 20 min BJ A 208 5 5, g5 F 2275 U 25 700 40 Bl 5
HE, g5 TS FORVERY L, g5 SDS FRoR M2 IHLIE R &
i, %; Gao 278 {0 b 120 min B 3 2 B & &2, g;
RS F R PUMETE R & 5, Y%o; HIZR 78 TE AT K 7 45 %45
AUC, 7~ 0~180 min /KA1 R HIFH; AUC, KRR
FITHIEL 0~180 min ZKAREHNZE N THIFR; eGI R R TAl 1L
BEEEL
1.3 HEAIE

{di Jf] IBM SPSS Statistics 27 % 4 i 47 % &
ANOVA i FM:43487, 44 Origin 2021, Excel #£17
ARG M M K 248, Duncan’s Z2 HL K5 (P<

HI=

0.05) AT W E VAT, B4R AT 3 W56,
RIS LS S Eb R 227 R o

2 GBR5SH

2.1 ESABEXGREEFRKRSSEMRMN

(31785 2 P 1R ot 778 33 o3 e BORH O it i
AT ILER 1. 3R 2. HHER 1 AT, BE & BEAsa] Y
FER, S 5 ST REGE R O B S PR IR (P<0.05), 7EER
10 d FAEH 29.30 g/100 g, Wi HAETER LA B3
[F) Bsh 76 & B Y 0~8 d, o= A3 il 30 12 . 38 T v (P<
0.05), KIS 10 d PRFEFREE, a-VE A i RENS V) Wi e
H5  BHIEFIAE G M PoBESE IR Y a- 1,4 B EEDL S
A/NAFRER, B, SEE R & AR R R VT R
JE IO I X S HEUE N B 5 W A= 0 A I DE R B K
S, A LA A /NG T A A R B A ELAETE A, /Ny
TR — R P TS FE R, S BCERER
R, EAETER S neel, SR AE A B ELEEE
By & i AR T 3, 33X AT e FH RS ELAEVE R R Bk
TS R R RS, Li 25027 BIFSY R IS S5 TERSY
PRG350 S B RBI T 2 P A o v e L s o =2 1A g 7K
i, A5 SV, ITREK T AR R B TR R

23 5 2 PR A Bl A RS R U RE G S S R S
EFHEE, S 10 d IR E SN 29.74 g/100 g, K
UFM 1 1.13 1%, & G TR LW 0~2 d BT}
= (P<0.05),2~6 d FHZEE, 55 8 d il T, ER
TR 0~2 d 25 BT & BERRAIR, — 7 Tl B2 R S it
Wy A A R P BRRRE B PS03 e A /N 22 IR 2 ik
iR, Bt A YEFERIH, 55— nl G e & A
BT R AR T RS AR (U0 7R R EY 2~10 d, BB
F R S i 25 T (P<0.05), 33X AT RESE N Wi E 7E
KRR v e A R AR AR LR B S A AR
JoT, A RTIAR AR BT A i 2P, Li AP iRk
PR B A iR S AR S BN 14.45%, X2 Tk
e R E AR L, B T RE e ik 1k
sk, SRMAE RN 2~8 d 25 H &2 5% A S
AR AN, 332 A s i AR = A A R
EEULIS R TR U BEK A 0 8 T .

2 BT S BEbE A R E] AU FE R SR A, 10
AR B2, TE RIS 8 d Sl 0.85 g/100 g, 1M
T 3 S T P B R B, FE R TR 0~8 d BB TS
PEE W EIHEFEW(P<0.05) . NI, IR SR b A

# 1 SSF {ilalar BB IR o o A2 1k

Table 1 Changes of nutrient content of mung bean during SSF
RIS (d)  EEEEM (2100 g)  HETER (g/100g)  HHIIF(g/100g) JEMi(g/100 g)  AIMERERLF4E(g/100 g)  ANRMERGELF4E(g/100 g)
0 11.23+0.80* 39.21+1.23° 26.12+0.53" 1.12+0.09° 2.96+0.49¢ 6.48+0.21°
2 10.00+0.76* 37.99+1.26" 25.61+0.66° 1.01+0.11° 4.35+0.42% 7.98+0.45¢
4 8.95+0.81* 33.71+1.10° 26.57+0.52" 0.94+0.10° 5.46+0.54" 9.84+0.46°
6 8.42+0.88* 33.48+1.09° 27.51+0.41° 0.86+0.13* 6.67£0.55® 10.93+0.33°
8 8.95+0.91* 30.13+0.99° 28.23+0.49% 0.85+0.15° 7.54+0.41° 11.26+0.38*
10 8.77+0.81* 29.30+1.12¢ 29.74+0.61° 0.87+0.12° 7.87+0.56° 11.50+0.34*

TE: AR NG TR A 7R 22 53 35 (P<0.05)
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Table 2 Changes of mung bean related enzyme activity

during SSF
REERIE] o-VERYTG G Jg it PR G
(d) (U/g) (U/g) (U/g) (U/g)
0 38.9745.36°  23.65+3.28° 6.18+1.72¢ 96.35+24.99¢
2 103.68+6.57°  132.87+5.42° 19.97+1.57° 379.12+36.82°
4 129.14+4.29°  136.55+4.75° 20.43+1.89° 453.23+22.34°
6 153.22+5.82°  142.16+4.41° 24.86+2.24" 586.37+25.61°
8 178.31+7.70*  163.82+£5.47* 31.23+1.78" 735.64+38.76"

10 181.5346.26" 159.30£4.99°  30.10+1.81°
4 RPN ING FRE R TR AR 25 7 8 35 (P<0.05) .

792.78+55.19°

b S — 7 I AT BB PR S B A A R (] 14 R 4t o
A E SR TS A 0 7 A 1A K SR Tt 3 e T R T R
FIH, SENI & B 5 2 5T b g1 in; 53— J7 i
AT Rl AR T RN A R U, BRI R RE
Sy Ry NGy IR I IR AN H YW, AR S R REDO),
TR, R Rl K 8o RE -5 & 15 K 2 P A s
RS, TE R IXURE Y S BRI /K A — e
BE I Eve R E Ak A R

Ji B £ 4 XF NS 38 A e AT B s i, HLHL
A HIThEERE K25 SDF & iRIE L. 72K 0~
8 d, SDF. IDF & i i & FHi (P<0.05), 8 d JG & &
BN RE . AR 10 d, SDF(7.87 g/100 g) .
IDF(11.50 mg/g) & ik 8 & &, 43 508 UFM 19
2.65. 1.92 1%, H.Bifi & B RS 0] (4 SIE < 21 4 22l i P
AR a3 S SDF & —2%(. it SDF. IDF & &
T vl RS B o — Dy T A T AR A S IR I,
{di SDF. IDF i 5 Lh¥sn, 5 —Jr e =41
LT AE RN ATT R | 2Lyl 2450 b2z, (385
IDF K45 43 Wi Ak kN3 SDFP gR i i A #F
FER I, A AE & e B b ] BB FH & iR 5 %
AR 4E R 20 | IRV p-A SR SE Y T, 5K
SDF it i 5 T HKER DY i os el R —3.
22 [ES&BEETGRE R ERRERN S ERIRN

[ 25 2% PR BT iy o A3 v G0 S R 4 e S B
22 3 P, YR FAO/WHO HEF7 A FRAR A 1 Tk,
SO A 1 B A T e T S R AR B R LR
(EAA/TAA) NN 40% LI L, AT EIERR SAR ST R
IR LLIE(EAA/NEAA) A 60% LA . FMI10 2011
EAA/TAA 5 EAA/NEAA 435128 45.26%. 82.71%,
T UFM 4H(P<0.05), Uil A Br)a st o BoA
HRAR 2 SR IC L . BARSMHT & I, 5 UFM 4l AH L,
FM10 N F5 & IR H 75 &% . PeaEie . i . 5
FEER . AR & A W 2 R = (P<0.05), 43l ol
UFM 2H11% 1.06. 1.69. 1.09. 1.10. 1.27 f%. L7
A HERR . FE SR & B R TR (P<0.05), 47
Hh UFM B9 1.07. 1.04 175, K& AR . FATR o F
TR XA SRR ST A B AR K A B i B R I
Ja , A FERR & & W N (P<0.05), i dEbEad

TR IR T I, AWFES R S 2l Al ad Ak
P A A AR — T T n BESE R A A ) A A et
A PR PR DS AN R A a4 5 i R R, 91 20
BRER . Srse &R S G n] Ge2 D S AR A
TR 280k = RIRAEES b N B PR IR A & A E TR | 5+
STEMR, W) n] e R A A BRI 8 T
PRA QIR A G A EeY 55— 7 T Al BRI A= 7
I PRt o v 7 A e ol e o A R 1) S 7S
AT V] 475 28 SR PR ) 6 i -5 R i s A2, il an: R4
[ AN el N o T (=5 PN DS f T € B 7 D NN E R
PR R IR . A BB o- PRSI, T HH
Z 5 RG2S rhtT,

*3OREEATR SR E A TR S R
Table 3 Changes of amino acid content in mung bean protein
before and after fermentation

AMm A4 (/100 g) UFM FM10
J12 MR (Thr) 0.65£0.02°  0.69+0.01°
2R (Cys) 0.13£0.01*  0.22+0.01°
#ia MR (Val) 1.16£0.03*  1.27+0.02°
AR (Met) 0.22+0.01°  0.2120.01°

Sese g (1e) 0.9+0.02° 0.99:£0.02°
M‘Zﬁ%ﬁﬁﬁ FEAE R (Leu) 1.77£0.03*  1.78+0.03°
i 2 % (Tyr) 0.45+0.01>  0.57+0.01°
RN %% (Phe) 1.04+0.02° 1.05+0.01°
#1542 (Lys) 1.48+0.02°  1.51+.0.03"
21442 (His) 0.59+0.01°  0.61x0.01°
SRR R 8.39+0.03" 8.9+0.04°
KAH R (Asp) 2.4240.03°  2.38+0.02°
225 J% (Ser) 0.81£0.03*  0.83+0.01°
A HE R (Glu) 3.63x0.02°  3.35+0.03°
TSR HHEm(Gly) 0.7120.01°  0.76+0.01°
(NEAA) P (Ala) 0.990.02°  1.01+0.02°
A (Arg) 1.41£0.03°  1.47+0.02°
Jii 2R (Pro) 0.96£0.01°  0.960.02"
SRR IR 10.93£0.02°  10.76+0.03°
AR i 19.3240.02°  19.66+0.03"
EAA/TAA(%) 43.42+126°  4526+1.24°
EAA/NEAA(%) 76.76£5.81°  82.71+4.39°

H: FATANRVING FREFRR AR 7 B3 (P<0.05)

23 ESELZBEREH GABA REHFMN

GABA 1R —FPaE 8 M2 31, 2 —Fhhn &l
e sh i, HA BRI . SRR 22 Heamic iz | 1
o UE 2% Dy BE A AE FH Y. e A R B (e sk voh
GABA & mA8MbUNE 1 iR, FEABERY 0~8 d, 45
T GABA &r&E 2 B E TS B (P<0.05), KB 8 d
JG GABA B fb AN, A 8 dxm N
6.86 mg/g, 5y UFM 114 3.41 %, Tan %58 fURFsT &30,
PR B 5 LR B L R W T I 2B R S U SR GABA
&, B il ik 6.57 g/L, AW G R 52—,
GABA & s I B T B2 PR Sy — 7 T 7E & it
2P A RE A R IR S = RIRIE st 52
ReRfE st Al GABA, 55— J7 Wi A S Refs =4
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Fig.1 Changes of GABA content in mung bean during SSF
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P 5~I5 6 [fl.
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B 2.2 XA FERR ST Th A R O i R SE SRAR
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24 ESLZBENREFIITEHE SN0

751 285 e IR I TR 125 22 Wy | U 0 B R AR Ak an ] 2
Fiase HHIE 2 A, Bl AR IR TR] A I, Y B 2 &
i LFH(P<0.05), FEANEE 10 d Hamihy 17.56 mg/
g, RAR KR TIIY 3.42 A% UiF 55 2T & 5L AE AR TR
0~8 d 3 EFH(P<0.05), &I 8 d ik, 6.89 mg/
g, & UFM 19 1.88 1% . IRAFANWEEERT iyt o8 & 20, R
FHXCH B 7 e Weaie sz | 25 | RO fa Sl & it b 254
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Fig.2 Content changes of free polyphenols and free

flavonoids during SSF
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BT S 2z —8 . XTEES o i S R AE AL
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Fig.3 Changes of DPPH clearance rate (A), ABTS clearance
rate (B), iron ion reducing power (C) of mung bean
polyphenol extract during SSF
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JE 7 SRR kAR DG (P<0.01), RIUITE R I R rh 4 o
YA LRE Iy 3 A T 2 B g, H
Ut 25w B R S PR RE DT AE SC R BAY R THIF
2y, X T B PR D B IRZE ) S5 B AT B SR T AR R R
Jio AL, Chen S5 WF5E A B, SR FH e 5 HACAAE T4 [
AR W] W E e R S T AR RE T (P<0.05), I
Hrag A iz A R iy 2R ) o A S e R DT 5 AR
R EHUEALRE T i R . SR, WA BT RN
prEEfbRE T T RE S R WS R TP A P BT EE
(5%l ey ae S D R S E = N2 S T S

4 el AR SRR TR AT R R RE DG

Table 4 Correlation between free phenol content

and antioxidant activity of alcohol extract

SH MR
DPPH-4BRGES)  ABTS™iEERAES) BREFikEN
=l 0.913” 0.906™ 0.960™
i 0.994™ 0.989” 0.984”

H: HFIRP<0.01,
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Fig.4 Appearance (A, B) and microstructure (C, D) of UFM
and FM10 mung bean powder
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Fig.5 Changes of solubility (A) and dilatancy (B) of mung
bean powder during SSF

2.8 EFSKBEIMREMFIKA. FRERNHRNE

TEEIT AR, B ECRHIOEK - Rl A
RS — o R B S A M R 2R SRR K



%474 5 4 XIS , 55 RN AR E S R R4k 55 5 T DR 5 - 191 -
24r . (A) 6x10° q
LES Y/ NN =ES2T |
201 5x105 4
e L6l aé 4x10° 4
R N
Pzt i 3x10° A
2oy E .
# E’é 2x107
0.8 1x10°
0.4 04

KERSTE] (d)
Fl6 4 KkEEIESREREK ., HrhhrAk

Fig.6 Changes of water and oil holding power of mung bean

powder during SSF
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TER SRR BER R EE FIAERE . S EGX A AR A A
— 7 T 7] BB R AR T IR 5 ) AR A s A5
R ETE N RIEE I IR 45 Tk () 4G 10 ga S A, e 4E
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Fig.7 Apparent viscosity (A), G' (B), and G" (C) of mung bean
flour paste during SSF

MR APERE S, X 0T BB R R R T SCREVER B L

> VERYEERE K A AR AR G fRE S WS R, &

B R G G 3 FRAIR, IR AR & Xt

B P 28 PPRE SIS AR

2.10 ESAEZEMIECEMERIRT
SHAWE IR R AR L, St T iER S R e, 24

5 R TTAKERLY 50%~60%, TERS HITEALER RN 25
#5 FEREEENIRIZ G RDS, SDS, RS &t

J eGI 1HA: 4k
Table 5 Changes of RDS, SDS, RS content and eGI value
of mung bean during SSF
KEERE]  RDS(%) SDS(%) RS(%) eGI{H
0 72.51£2.58"  18.44+1.14°  9.05+1.22°  40.09+0.01°
2 71.99£2.31°  20.21+1.40"  7.80+0.99°  40.07+0.01°
4 73.90+1.86° 22.49+1.68®  3.62+1.05%  40.05+0.01®
6 68.77+1.36"  24.50+1.83*  6.74+1.17°  40.04+0.01*
8 62.09+1.13°  20.96+1.26°  16.95£0.97°  40.02+0.01%
10 59.18+1.11¢  19.66+1.34°  21.16+1.54*  39.99+0.01°

TE: WA RNG SR RN A AE 22 57 .35 (P<0.05) .
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O AR RERE M . A K IR 4% DAY RDS,
SDS. RS & &E251b & eGI{HUNFE 5 s . 12 RBE
Y] 0~4 d RDS &840 35, 33X v] BEJZ B S #R 43
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JEL DR —24, WHAE &Y 4~10 d, RS & W T (P<
0.05), AM55 10 d iX Bl i = 21.16%, X Al fg &
AR s i My S o . BRI T N it SR o vE
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I, A HE AP SR i o [ S R T RO, TE
KPS 5 d SDS 5 RS WEERIN, 43510 A A& e oK
M 1.83. 1.41 4%, RIFSEEE R 52225, eGI J&Afr
HE YR AR TS MUBE KOV 10 SR bR, 7E AR IG
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P I ] 19 SE S, 438 By oG BB W FEAIR, 78 & B4
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3 #ig
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RIS 10 d, FEFIT . AT EIERR . nI TS TERS 4T 4k
SRR R R BELRE TN 1,13, 1.06. 2.65 %, p- R ELT
TR | U S 22 Wy | VIR B W T 2 A0 S o R R B A 1)
3.29. 3.42, 1.81 fif; HEEE AR TSP L& &
PRI, Hopi A Ak e 0 I 2 1G58 (P<0.05), DPPH -
B, ABTS 1 RRA | BRES I8 R 143 50 N A KR
LRI 2,67 2.57 . 2.59 1¢5; FEHH SR B [ 25 A
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A i shte, HAT R4 BT RIS Sk SRy
# SDS. RS & & TH&E, HEABESS 10 d, SDS. RS (5
43810 19.66%. 21.16%, MY eGI {H N 39.99, %
AR & liak BB HAA i P TIHALEE T, JB T eGT &
o, G A HERR R B . B, B RS A
PER e LR A A R . SR, HATIE
ATEFERAR | HOREEAS [F) 4 5 % Il dof % 4
Wy i BT RE, M FLIR TR L Pk PR AR FH e 42l
PP L5 ST SR, PRI, ARSI FF A TAS ]
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