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. R BRIETH (Neurospora crassa) 3 I b K B A A 4R L H 5 8B B84 (Saccharomyces cerevisiae ) L4 SLAF
@ (Lactobacillus plantarum )#86-3¢ B & Z B 2.6 BB Ao 8 I S R AL B E 6 Hve L33 4 LR BEAR SR, 0 A
RS R FE ) S AR A B (NF) GHURE Bk 78 1 e 8008 B R 496~ & 5% (NSF) CHLEE DR T6 1 Ao A 40 SUAF 1 48 62 8% (NLF) A
HERRTLE BRIB B B SAT AR S A BE(NSLE) 45 R A, ¢F 4 B % 2 ISR 35 IR ng A8 4 | BB B Bk e i)
SUAF A AR 9B T R AR DR R R IO TA = A S Y By, SR A4S R A B R 1) 4 2L K o W) 238 dm  NSF 2818 B )5 238 JR
5F B HEBAK(p<0.05); XS RIS PEIEA LF 4B B 4K, 2 NSF A= NSLF T AL & 4 9 % ;NSF R 28B4 F
%,k 2] (337.58+0.23) mg/g, NLF 4035 B R AR B4 F i &, £ 2] (38.01£0.09) mg/g; X B G A & F A TR K9
MIRA | -FH-3-BA R LB F B R L RO F0R L5, A 2GR & 238 0 B AN A A B E S . & B 2.5 DPPH -
T R ARk B) 90% vk by % & B2 36 h BF,NF.NSF.NLF = 28698 2. 35 F 8 dy 2 i P 53938 B)M4AA , 55 4 74.44% |
86.03%.83.79%; X B 2.6 % 8 WAL F TR AE S AR xTER 5
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Quality and Antioxidant Activity of Soybean Residue Fermented by Neurospora crassa
ZHAO Xiu—fang, YAO Hai-yan, YUAN Jiang—lan", KANG Xu
(College of Bioengineering and Food, Hubei University of Technology, Wuhan 430068, Hubei, China)

Abstract: Neurospora crassa was combined with Saccharomyces cerevisiae and/or Lactobacillus plantarum for
the solid —state fermentation of soybean residue, and the sensory quality, nutritional quality, and antioxidant
activity of the fermented soybean residue were studied. Four fermentation groups were designed, including
N. crassa (NF), N. crassa + S. cerevisiae (NSF), N. crassa + L. plantarum (NLF), and N. crassa + S. cerevisiae
+ L. plantarum (NSLF ). The results showed that cellulase activity increased first and then decreased over the time
of fermentation, and S. cerevisiae and L. plantarum synergistically increased the cellulase activity. Reducing
sugar increased significantly over fermentation time, while it decreased obviously in the late fermentation phase
of the NSF group (p<0.05). Insoluble dietary fiber decreased significantly during the fermentation, especially in
the NSF and NSLF groups. The content of total amino acids in the NSF group was the highest, reaching up
to (337.58+0.23) mg/g, and that of free amino acids was the highest in the NLF group, reaching (38.01+
0.09) mg/g. The alcohols such as 1-octen-3-ol and phenethyl alcohol contributed the most to aroma of the
fermented soybean residue, followed by ethyl octanoate. Fermentation improved the nutritional and sensory
quality of soybean residue. The DPPH* free radical scavenging rate of the fermented soybean residue was above
90% in all the groups. The superoxide anion free radical scavenging rates in the NI, NSF, and NLF groups
peaked at the time point of 36 h, reaching 74.44% , 86.03% and 83.79% , respectively. The hydroxyl free
radical scavenging rate of the fermented soybean residue was low.
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TR TR E S S SO TR, 3R
BFAET] AR 2 000 227 Wi S {E T e O K A B
TR K 809, A 1T EHURE | i ELAK S R AL 85
U, Ko G 2o E A TS Ve sh ik, A
— IO RS TR SRR A100 ¢
T E A R 19.32 g WK ALE ) 51.80 g G
12.40 g, JLAMA A KRG S0 TeHLER bl LR
B RdE L R, ST IR SR ZRPUEFRA T,
HEAE R R (B 57 55, B T RE S RIS
B B Z AL, B R ) e AL B AT DUAT 52k bR ax s
LB IR T, AR Y & T T RE A R IR AR T 3
5, SR

LA A e Bt K BRI IE 4 22, 1 an A S IR
B Ak RS A I A, SRR T A R A
L85 BN 24.5% . 15.8%F1 26.2% , A 12 Fl B 55
FA B 3590 35 1k 43 AT 61.7% N 92.7% , 15 IR 1 1
SRS R SR R S AT A, BRI S A
HONR L BETIA N 3.23 175, A 4E R EEEARTE T 2.02 %,
LT RGP T 10.64 157945 IR KA (NVew—
rospora crassa) J& EL T8 [ ] WKSUHL TR R | 2 B 2R
AR PEIEAC JE—FhRENS = A £ 2 R A ] & P EC A,
BRAERLZ, fe- B OB a a1 ZFE R
fiff S R A LT RN R 2y 2 T, 7 A /N o
B OO (SR 2K R IR A PR I, i
T 11 R AR A0 R, B O A RN (N 25 A T
Vo BRI R EAT S Y R R, R A 9 & 1
FEIRRA AR WA W IR R RE R A K
M) 1 ALY AT B Tl A 7 v o AR 22 1) K T T, L
A R 25 AE A T BE A= A0 B 2 (0 BRI (B B
SRR AL D o ARG LR Jhk 760 1 g Ll 2 19 T
Ffr, 2% 2 HL S Il R R4 LT R A % G A o
YA D RE A RZ R, o KA S D BE 6 5 B i 1)
B2 FATR AT R RIS

1 #R5FEZ*
L1 AR R R

i gy < L R ] A BR 2 W 5 DR ik A
%(Neurospom cra,ssa) : rﬂ” élj‘] Eﬁi%ﬂ'ﬁﬁlﬁ/é}ﬂ 5
Jil ¥4 8% BF (Saccharomyces cerevisiae , [ Fi 4 5 CICC
1477 ) : #9144 BEEEBEA BR A vl 5 46 90 FLAT 1 (Lacto-
bacillus plantarum,%ﬁgﬁ% CICC 24809) : b5 )11 55 [H
PR oy A BR AW s TSR R HT LT AR Gh 1, 1- 0%
FHe—2— = IR E( 1, 1-diphenyl -2 —trinitrophenylhy—
drazine, DPPH) .o—JE K3 (100 000 Ulg) - bt A=
YIRHEA PR ) 5 AR L £ B DU £ 1R — 44 (ethyl -

enediamine tetraacetic acid disodium salt, EDTA —2Na) .

RO =« [ 25 S A AR R A FR A A 53, 5- Al 3
KGR ST K IR « 22 va A AL R A FRA
Al s % D 5 (G-250) : 9% R AW R A BR Y
Al 3 24 1% 3% H (bovine serum albumin, BSA ) ; {5
BioFroxx 2wl 5 8 1 (55 15 ) (250 U/mg ) : Aladdinis
FC L) A BRA R 518 P2 B R b vfE i - 55 [ Sigma
oyl Heg i e o =4 Hr At

1.2 A5

DHWS-250 AU 1E Y5 TE M2 57 5740 « A AR IA B+
A YR A B W UPT-11-5T B 2 908 4li7k
s PP 8 2R A BR 2 A 5 Bio—Rad Mini—-PRO
TEAN Tetra Cell £5 [ HL K55 5 « 32 EA SR 2 Al 5 K9860
4 H BBl AL LRI RERL A AR A R A 7] 5 -
8900 #44> 7 Bl 2 FL MR 70 AT : H A% Hitachi 23 H]; UV-
2600 AU HNAT WA EIERE T B AN (RN ) A BRZ
Al CR-13 AT JE R SERBIA (i {0 . H AN KPR T e hgik
HBRZN ] 5 Agilent 7890A/5975C S A (03 — Bk
8. 3 Agilent 237,

1.3 Rk
1.3.1  REEHIfT Ryl &

VR RS ik o 7 22 o 28 0 A% S 2 W B i B R
(potato dextrose agar, PDA)H, 7 30 “CHH I 5 7245
Hig® 48 h, WAL T-# & T 4 CUKF & H
1.3.2 RG] &

FEURE Jok A0 B & T2 L3 - PR B K e 20 0 85% B
5,100 CH JEZE 20 min, B HJG B TG 6 F, &k
KA 15 min, 7 18 S U 0.01%4 AHURE bk A 7 1
T, A G BT 30 °C X E 85% 1 Y 1H
TR IR P R EE IO NF. LUK & BE G/ XA

FEA 0.019% KRS KA T F10.01% BRI B2 H: 47, i
k9 NSF, HoAx il £ S A4 AH ]

FEA 0.01% KRS ik F6L A 16143 F1 0.01% A5 Py 7LAT
BB, 10 NLF, HAx il 4 TR

FEA 0.0190HH A Tk A6 & A8 . 0.01 % FRI7 I R4
1 0.019% M) FUFF I # K , 10 A NSLF, HeAs il 4 14
TR
1.3.3 G [ A A I i 21 2 25 Wl T 1 DU

S 2 SCHR[ 101 5 3200 5 2T 4 25 BT 73 1B 10 g
BRI 0,24 .36 .48 .60 h 1 S RE S T-Bebr el
b, FE R EE BN 200 mL A H) pHS.0 Z/R-2
FRENZE MR (& 0.15 mol/L NaCl), VKIAHEHE4R I 1 h,
IR g B 1 mL ST AR, 19 52 o p i RGE SR BRI
W7 27 AL ZL G o 2 2R 2R TG A -7 (40£1) °C.
PEAL SN pHAEZEE S, 5380 AN 5 mg/mL R HEEET
e NI 1 g 18 JEORE T 5 2 A B — A
B I% Sy B S5 R L) Ulg o, HHEARINT .,
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2$2E%?@@?E/(U/g)=%xl 000

ArPree lhe S R Wb A AR R LR
mg/mL; co FIRAEAS SO IR AT A R LR
mg/mL;n AR IUE 255 WM BEAS B0 m il o
g5t R IR ming 100 AR 2 2R R, mL;
180.2 A H ZIHEEE /R it , g/mol 5 1 000 MFEALIR T
134 JEELF4EE HE

2% GB 5009.88—2014 (24 E R brik £
H R T2 A 2 ) A SCRRL 1 1 A v o e I AT A
KW ANV R 41 4E (insoluble dietary fiber, IDF)
FAT A R 214k (soluble dietary fiber, SDF )Erhr .
135 it HALIR BRI E

PR & % 57 (unfermented okara, UF) B &% 0 h
PFf AR 8% 24.36.48 .60 h 1) NF NSF NLF \NSLF #f
R TR IF ek 60 H o A7) 2 I A ) i JioA Fré )
TR 3,5- A KL (3,5 —dinitrosalicylic acid,
DNS)VE; K18 60 h A it 7K il 2 BT RN 125 2 R 5
i = S INIRI Ly peRl
1.3.6 R IEBEZE HEERE HL UK (polyacrylamide gelelectr—
ophoresis, PAGE)

27 SCHR(141 P B 70, 43 IR I — o o o 1
60 h I E 2 10 mL BELOAE AR TG H H S
BT 0.01 mol/L pH7.4 W FRER 22 vpif | PRIIE R 1
W IZE R 10 mg/mL K B O TER TR 214 LA 50 t/min
IRAE 1 h, A S A, B 5 47,8 000 r/min
015 min, PR TEHCA ] K BSOS A Sk S
LR b FRARRLLE 1 VIR A, BB S5 min, 2 H)
J5i10 000 r/min #5.0> 2 min, B 10 pL _1BE, 3B B Fnik
AR LT3 3R 12971 4%

1.3.7 SRR E

27 GB 12456—2021 (& fit 22 42 [F bR &t
SRR I ) rp ) D7 00 B A 8 60 h M AT: S IR T
SRR AE o
138 EEENIE

ANTR) S BERS TRIAE: it 43 R T B Ry et 60 H i, 2
B ICHR(15 | P ITEINE L* a* b,

1.3.9  #EMENIIE

KT [ AR 6 B (headspace solid phase micr—
oextraction, HS-SPME )5 < AH (0,13 — [ 1% Bk FH 5 ( gas
chromatography—mass spectrometry, GC-MS)!"l, X 7.5 ¢
R 22 0.001 @) i Gt A 60 h 74y, BT 40 mL
Tz e, 7 80 CASIF TR K- 30 min, 1] 50/
30 pm = &M R R ik oy i /3R R A EUE (di-
vinylbenzene/carboxen/polydimethylsiloxane, DVB/CAR/
PDMS ) £F4E ALK HEA T AR IR I, 15025 W B 30 min,
i 5 min, BRI E S IE 3 UK

GC 2% A : CP-SIL 8 A B 414 H: (30 mx0.32 mm,

0.25 wm), FHEFEF : 40 CLEEF 2 min, JE LA 5 °C/min
THEF] 120 CHEHF 2 min, LA 7 °C/min 1935 2 T} 5]
220 CA#HF 5 min; 25 (He )& 1.0 mL/min, PEFE L1
B 250 °C, A2

MS F A RAET7 AN BEFR B, % R 48R
7 min, JFEIJEE 35 amu~395 amu, & TIEIREE 230 °C,
PUBRAFFIREE 150 °C, # HREE 250 °C, B e+
& (electron ionization, EI), B T-JRAEEL 70 eV,

XFVCELRE KT 70 KAB 100) AH%E AR B AR 4l
NIST 08 %#is E XL A Wi AT vk, A —fkikit
=R PO
1.3.10  HréafbisdEm e

U] A& B ] (36,48 .60 h) Y T T 4544 2 g, Nl
A 30 mL BT K, 28 CKIBHEFE 1 h, 285 8 000 r/min
B0 15 min AR5 FIE W, LB KR RS 20 f5 )5 1
W . DPPH « i B 22 2% SCRR[ 17170 () 7 5 - RS VEAE A
FREL A L (- OH) ¥ B 2 2 28 SCHR 18] vh 1 7 14
JE 5 AT B A R O )T BRE S5 SCR[19]H 1Y)
SRR
14 Bl abr

K Origin 2017 7EE, I SPSS 23.0 X251 148
T, R BRI 25 225307 ) Duncan 22 5 HURGTE A T
LT (p<0.05 TR EFBE ).

2 HBREHMH
2.1 ik R AT Y R A A A
L R B R P LT AE R BT AL LA 1,

1400 _o NF
1200f 2Nk

) | —— NSLF
g 1000
g 800F
Nicoyg
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&
S0 L
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KRR/
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Fig.1 Cellulase activity during okara fermentation
HI T 1 RTRN, 4 2H o S R A 0 21 4 3R Tl 6 1
EBUSETH R B A S L rh NF AT NSF 27 4 5% il
TG YITE A W 48 h IR BIUEAE , 537914 1 097.98 Ulg Fil
1234.18 U/g. 1fii NLF Fl NSLF #J7E 36 h ik $|I4(H , 5
14 1 126.70 Ulg Fil 1 056.94 Ulg, i 5 £T 4k 25 il 1% 12
WA . 2T 2 SRR RE RS 52 R K I 7 ) v i B 2T 2 1Y
i, AT F AT LUK R AN T M £ 4T 2 O ik
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2 LR BB R A Y LT A 2 5 L W ik
OREURE KR TR A A AT P R, R RS I PT RE R R
pH 1 B B A, S W A A Ktk A T30, 2245 1k
PN, R AR AR R B T
2.2 RN S AR 2R AN IA SR A 52
AR & I 008 v JRE £ £ 4 RN TR & i 22 5 I
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A
70 Y4 spr
s 60
=50
Ko
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H_
G 30
I
= 20
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. A 2 A Y%
UF  NF NSF NLF NSLF
B 70
) \v
60 NN NSF
2 50 a
£ 7
- -
3” 40 % .
Qi 3
30 / X
& : % 5
& / 3
S 20 /
¥ N
10 % 5
N =
0 . 53
36 48 60
R E)/h

A BT YE &, AR FREFROR 2] 22 57 .35 (p<0.05) s Bab JsU
I AN TR R N 2253 035 (p<0.05) , AN RS FhRE R R4l
[ 2 5 2.3 (p<0.05) .,

B2 AEAXEBEEVESAXNTEREESEER
Fig.2 Differences of dietary fiber and reducing sugar contents in

different fermented okara

L 2A AT, K & B L (UR) H IDF & s fe,
i EE T 69.85%, SDF & 8 fik, H 4.05%. bR
4 KW 60 h J5 ,NF NSF NLF \NSLF k£ & /1 IDF 5k
R A Y 2 B AR (p<0.05) , 43518 55.04% |
43.27% .52.11% .41.09% ,SDF ;B i 455 . NSLF 41
IDF 5 5 AR I (., SR PRy 1 B A AT B RE S D
IR {1 REURS Bk 76 o = A T 22 41 4 R g, 520 IDF 943
R 2 X5 2.1 LT 4 R TGS L A — 3K

F & 2B AT, BE A s B) ZE S | 348 SO 7 1
BN, T NSF 2075 & B I 34 J5O0E 2 4 BH S [
B TER T 36 h~48 h B R LES 510 L THA Al T8
SRR B S B o AR B T (59.50+2.45) me/g,

YRS K e B2 H.(60 h)I 3B JE BRI R 53.40 mg/g /e
F o FERE ok A PR 7R e A R v = A 1 K 21 2 A
AT R BESE B () 1DF, 0 = A A Ay B3R S b
BEIR JEORE S IEn, IDF S IR, SDF & 48 i . NLF
1 NSLF 4138 JFURERN 2R 845G, 3% 2 i TR LT R T
FEILJFE T A B A= SR 0 T8 ey TR o R
2.3 N[ A AR 22 T

K e G K R R LR AL R S A LR 1, &
T A i S A R R A R S L 2,

*1 REBEAKBEEBRARNIEEL

Table 1 Composition and content of hydrolyzed amino acids of
fermented okara
mg/g
IR UF NF NSF NLF NSLF

Asp  19.32£0.15° 27.90+0.20" 29.31+0.03* 27.89+0.02" 27.69+0.21"
Thr  9.54:0.06" 12.22+0.26° 13.49+0.21* 13.07+0.35" 12.62+0.05"
Ser  11.74+0.03' 15.85£0.25* 14.05£0.56° 14.25+0.36° 14.63+0.10"
Glu  36.83£0.16° 41.44+0.21" 44.15+0.17" 40.98+0.41" 40.69+0.54"
Gly  8.34+0.05° 11.74+0.38" 12.20+0.12* 11.13+0.15" 11.70£0.19*
Ala  9.12+£0.08' 20.62+0.61° 21.97+0.01* 21.23+0.51" 21.04+0.19"
Cys 18.24£0.06° 28.21+0.18" 30.63+0.57* 28.31+0.08" 28.11+0.14"
Val*  2.18+0.14" 3.56+0.03" 4.05+0.46" 3.41x0.13" 3.82+0.30"
Met*  2.68+0.24" 14.31+0.52" 14.90£0.07* 14.69+0.60™ 14.17+0.05°
lle*  6.48+0.03° 20.00£0.10" 22.21+0.51" 20.74+0.40" 19.96x0.14"
Leu*  8.28+0.09" 11.32+0.50" 11.64+0.64" 11.11£0.12* 11.98+0.98"
Tyr*  6.34+0.13° 21.14£0.15" 22.38+0.12* 22.1320.15" 20.67+0.11"
Lys*  10.832£0.25! 45.82+0.39" 46.55+0.55" 44.52+0.32" 38.65+0.19"
His  8.35+0.16" 24.84+0.64" 25.73+0.46" 25.57+0.53" 24.96+0.18"
Arg  12.3420.03" 24.59+0.39" 25.32+0.65" 24.36x0.15" 24.27+0.26"
B 170.61+0.12¢320.09+0.34" 337.58+0.23% 320.69+0.47" 312.23+0.37"

T % FoR NRATE G ; AT [ 5 B 2R 22 57 .35 (p<0.05) 5
ARIN BRI E I RRFR AR
K2 LBEEHFESERAMNSE

Table 2 Composition and content of free amino acids of

fermented okara

mg/g
AR UF NF NSF NLF NSLF
Thr*  0.3240.03°  0.67£0.02" 0.54x0.02 0.8020.01° 0.600.02°
Ser  0.18+0.02° 2.37+0.01° 2.45+0.02° 2.80£0.04* 2.70+0.01"
Glu  0.1620.04" 1.65+0.04" 1.3720.05° 2.07+0.03* 1.64+0.04"
Gly  0.1420.05" 1.73:0.04° 1.46+0.06° 2.13+0.03" 2.54+0.03"
Ala  0.16+0.12°  0.84+0.14* 0.70£0.05" 1.10£0.06* 1.03+0.09*
Cys  0.06x0.02' 2.24+0.01" 1.84x0.03° 2.79+0.01° 2.17+0.01"
Val*  0.12+¢0.15"  0.44£0.01* 0.38+0.02° 0.52+0.01°  0.3820.02¢
Met*  0.11x£0.02°  0.32+0.01® 0.31£0.02* 0.38+0.01* 0.22+0.01"
Ie*  0.07£0.08" 1.00£0.14° 0.75x0.04* 1.09+0.03" 0.97+0.15"
Leu*  0.08£0.06" 1.26+0.05° 0.91x0.04° 1.72+0.02* 1.34+0.06"
Tyr  0.17+0.13'  1.40£0.01" 1.18+0.03° 1.64+0.03* 1.43+0.03"
Phe*  0.11x0.04° 1.3520.03" 1.06x0.06' 1.5520.05° 1.26+0.02°
Lys*  0.1420.12' 1.62+0.03* 1.68+0.01* 1.43£0.02" 1.19+0.02°
His  0.1820.17° 12.37+0.02" 9.27+0.06" 17.49+0.01* 14.52+0.04"
Arg  0.24+0.05° 0.53x0.01 0.80£0.02" 0.69+0.02° 1.05+0.07*
Mo 2.2440.07' 29.48+0.03° 24.48+0.07° 38.01+0.09° 32.90+0.14"

TE: o FOR AL IR ; R TR [R5 B 30R 22 57 8.3 (p<0.05 ) 5
ARSI E IR R R A
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M 132 2 1, KBRS 4 20 08 (K /K i R
VI i 8 S R4 i 21 (p<0.05) NF NSF.NLF,
NSLF 7K i 2 £ 8 & 5t 43 %l UF 19 1.87.1.99.1.88,
1.83 i, Whits AR 43 3R 128.37.135.22.,129.67
121.87 mg/g, %5 UF (46.33 mg/g) 73 H32 & T 63.91% .
65.74% .64.27% .61.98% , 23 & T Wit Hh b its 2k
PR & Y RE IR B K M A LR 1) 20% LA I, it B 37 i
TR =

H 2% 2 AT, UF Ui 2 24 LR B it o (2.24=
0.07) mg/g, 1 4 2H & % 538 A0 1 28 R BH i 388
A3 51R UF 19 13.16.10.93.16.97 .14.69 £% , Hrh DINLF
IR o B R R SR T R AR I R A
IR, TR IR £ ZORR TN R H 2R % . NLF
HAEIR ST e N 2.07 mglg , & UF # 12.94 £ ;NLF
HNERR S ERE 2N 1.10 mg/g, /& UF 1 6.88 £, X
— 25 SRR FLAE TR S 5 10 K TR X 15 1 2 R A
BIRRTHE I . AR HE 8 5 R, B
AR R N R A SRS IE Y R BT S R, K
fiff 2 LR R B8 A SR & JE 1226 5 Vong S5

FREAR 5L,

2.4 SDS-PAGE 43#7

KM 60 h T I SDS-PAGE HLIK A& 3 fizs .

Marker KTI UF NF  NSF  NLF NSLF

180 kDa |

130 kDa I

100 kDa |
70 kDa
55 kDa
40 kDa
35 kDa
25 kDa

15 kDa
10 kDa

Marker. 25 FH bR E A s KTL Kunitz %1585 A BEIHIF] ; UF R L1525
WHEM. oo BIE TS EAMTIL; A B UK 1S HARBRIER
R 1S A RmR M %

B3 %BEEZEHR SDS-PAGE Bk
Fig.3 SDS-PAGE of fermented okara protein

MK 3 UF 25 v LA, Bl 25 7S FI11S
MR P, 7S EAEHE oo B =R, 73F
M EFITF 43510 82 kDa i o W3 71 kDa 8 o V.
J 55 kDa B9 B W3, 11S E 14245 38 kDa 1 30 kDa
FIFRYE & 22 kDa MOBIEVHE . SR AR AL,
4 PR RSB SL 7S AW R A%, LT E A
F| AT, 1S £ 14 38 kDa 4571 IR 1 V. o A 4 9847
11S 25 1 A 0 AR AR B B WG 7S SR R
Je L B R R I R B s S R B I
IR A5 KRR TE 10 kDa~15 kDa HH BB BRI

okt XA i TR YRR K T EE R A
i AR A>FBE A5 5 Kunitz BB B3] (KT

Sfaty Fe A m 0, A T s v g A e A ) R A AT DA
2.5 7;2@%4 SR
KT R EELF&MO

/(glkg)

iz
4o

e

UF  NF NSF
A FEE RIS B (p<0.05)

NLF  NSLF

B4 REBEELRSE

Fig4 Total acid content of fermented okara

I 4 T, KB 60 h Jn B MR S A R &
i 95 1 3 S5 40 (p <0.05), 43 1 AT 55 0.541.,0.699
0.593.0.734 o/kg, BRIPGEEREREF ] B EE TP EIRY)
o7 A AR AR RN L, AR R G A T 2 A
BHHRTF = E 2 AR IR AR ERYEY
JEPH A AR S RN (p<0.05) o FHMFLAT I 4 ad
ﬁﬁ%ﬂzgf‘%a@é FEREA PR, HLEE NLF Al NF &
R AP FLRT B 5 AT LR S R BN G
Hﬂﬁﬁﬁﬁfﬁﬁ .
2.6 RIEEGIEEET
2.6.1 (AT
s R R ] 5 B AR L3R 3~3R 5,
*3 TRABEEGE L HEL

Table 3 Change of chroma L* in okara during fermentation

HER T

ZH 53 36 h 48 h 60 h

NF 72.50£0.93" 71.49+1.15" 71.3220.50"
NSF 73.19£1.91° 71.1120.87" 68.27+0.87"
NLF 74.26+0.99° 73.17£0.23 70.8320.68"
NSLF 69.7420.86" 70.31£0.21° 69.9020.38"

T ISR TR R 2253 135 (p<0.05) o L FORIEEE (=) FIHIE (+).
R4 EBREBHEEEHEL

Table 4 Change of chroma a* in okara during fermentation

21 5] 36 h 48 h 60 h
NF 5.66+0.23" 6.40+0.30" 7.04£0.12¢
NSF 4.58+0.24° 6.39£0.23* 7.96+0.29
NLF 5.80+0.25" 6.09£0.13 7.52+0.10°
NSLF 6.43+0.16° 6.72+0.26° 8.13+0.13°

T A TR 2R 25 5 35 (p<0.05)o. @ FoRGARE (- )R (+),
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Table 5 Change of chroma b* in okara during fermentation

2H 51 36 h 48 h 60 h
NF 26.0620.37° 26.12+0.37% 26.7120.13¢
NSF 24.15+0.52"  25.49+0.46" 28.06+0.43°
NLF 25.57+0.31° 25.43+0.20" 27.71+0.04"
NSLF 26.30+0.26" 26.28+0.24° 28.05+0.12°

VPR R R 2 i (p<005 ), b* Rt (L (ORI (+).,

M 3~ 5 a4, 4 4 L* ¥97¥ 68.27~74.26, 396
BT YR SE RE 33 SRR IOk A0 T ) B A R B AR IR A O
TEARIG 551 T, 20 WER & B, LR Dk 160 11 7 % 18
HIHA 7 A RIIR AT UL e P 22, K T8 36 h B T 46 7= A=
KB R B O NI S EOR BE EE R L 3594
B S, BORA RS, NF NSF NLF 40 L* [ifi#5 & 1%

I ) P9 ZE < TR ARG, NSLF 2H 1) L 75 R8N 5% Bt T2
T HE3H(B60h),

FRA K 60 h IOARE S 2146 % (o ) B 7 T HDRS
JiKkTEL PR PR R e AR S R R B R S S &
PSR 5, LA 3 A BRI B I A R i 21 2L 3 348 o
e, IR AL e i o KT 36 h BF NSLF 4145 53 4h
3 2RI S S (p<0.05) , LT BE L i . 4 AR
TEL TR 36 h ¥ RE = AL K i i ol JF e
Wi 5 42 T o T 94 0 77 385 0, 3K 5 R A ik 7 o 40T
TR N RA L, 4 AR A ()R
EARCNEA QY L TR ZE 0
262 HRMEERSY

KT 60 h TR MBS L 6, A
PRI K M AR i A L 5

R6 KRB0 h EEELZMESHI N

Table 6  Analysis of volatile aroma components of okara fermented for 60 h

] A [ 73 H80 %
e 7 e
fetiath U UF NF NSF NLF NSLF
B HZRBR - 0.1120.12 - - -
(E)-2-Blis NEI5 7 1.06+0.05 - - _ _

IRHI F IS 2.43+0.16 2.25+0.06 0.23+0.17 3.78+0.06 -

1—2F -3~ B TR 4.53+0.09 11.25£0.12 14.72+0.14 14.09+0.07 12.33+0.04
2[R FEIK X 14.33+0.12 3.86+0.05 4.88+0.36 2.800.24 3.89+0.15
CR 21 R N 1.33+0.24 - - _ _

B B e & - 0.38+0.35 - - -

ZRC TR KR 5.83+0.16 - - _ _
-2 % A 4.78+0.15 0.41%0.05 0.20+0.03 0.20+0.14 -

1 TRF A 1.93+0.27 - - 0.19+0.24 -

He WL - 1.04+0.07 1.45+0.12 0.51£0.32 1.52+0.09
R IR AR - - 0.44+0.05 - 0.380.13
2—+—Fiil ISR - 0.22+0.08 - 0.16+0.18 -

2, -2 ,4-%% I LN sy 4.57+0.12 - 2.06+0.08 - 1.15+0.21
CLR C e IR 0.65+0.23 - - - -
(Z)-a—213% 250 AR M AT 1.500.16 44.95+0.25 43.73+0.42 38.72+0.19 41.650.12
B-£T 2407 R HEH FEEFA 1.6420.26 4.65+0.17 4.12+0.04 3.98+0.26 4.28+0.11
4-SN L T - - - 0.82+0.19 0.92+0.13
IR Bl A A 1.05+0.03 0.27+0.14 0.74+0.15 0.21+0.25 0.49+0.18
E8 i 45.63+0.24 69.39+0.28 72.5740.17 65.46+0.31 66.61+0.35
T s —FRIRIB I E X AR i HPA X 5 2/ T 0.19% R K o . R s .
. P4 6 A1, K R R S
- NSF #fe M 72.57%, 2 UF 4119 1.59 1% NF 41(Z)-
S0t A giFF - R RN 44.95%, R KB EIEN

% 40t 30 i, %W B A ARG AR SERIR . il A FAR
S sl S E R BT BOR S B L X 2 PR
B NF REEAE . R 15 W —3— W00 7 1 ] 3 42

= f5 , NSF AL S i, o0 14.72% , 4 UF 19 3 1%, 14 i B

10 A4 NG BOR AN T AR R OBEER R TR i
o LA 1A [l — P HORKG it R TEE NSLF 4 & e i Ry 1.529% ,
L AT BOAE 0K W EH RS i 3 P

5 AREMEERERSENRESE

Fig.5 Relative mass fractions of different volatile components
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Fig.6 Changes in antioxidant activity during soybean dregs

fermentation
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