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i X 2, A 5 P PR A BB e A IR A FD
AL, R LT ER L A BR A W #k R, K% IE
THE A BR 2 A 5 oK #H 5 Rk (Aspergillus oryzae)
PR 3.042, A FEEEEH M (Aroma —producing
yeast) , BRI R A R A 7 W (37%) .
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AR 5 A RS 1 7 AT O, B OB S
25 HORBHE B, ARG &b, 35 LA
YC, N ZEAE AT R

1.3.2 il Kl i BURHEE R A B R
TETCH S F T mh s toRs , e R &
¥ioy, a5 1 2 JRIRAE 0 TC B 20 A A T N
oA, T 29 CHl— & 10 B F K 5% — s i) 76 1l
it 12 b A 24 b 43 50 BT vk, B AR 2008
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1.3.3 A T2 ZE SR 2l H il
TR H ) B B A DE R I B R AL B 2R A
DL, A2 A K il 3 A 4 A B 14 ok il 83 & 18
JIT 7= G BRI A 35 7 TR G SRR K TR
1.3.3.1 2Rk SR ARSI 1000
g, ZERUS TN N AW 20% (& 4y 4K , i i
AR 4 R B R 90 CEGHI 30 min J5, $a
ORI K o 5 i1 4o o 45% ,50% ,55% ,60%
65% , V& A Ji5 He A s ol i (P O 4 AR TR
0.6%0) ,29 CHi 3% 48 h, IR E N 80% ., LIBEL
ORISR K A RN SRR (e i G D WS S HER T Y
SRR bR, PSS M BRK o
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DT (<R T 11 e 7

1.3.3.3 il e a] a2 il i Skl A i it 2% 14
Z 1331 WYk, BGHIEEE R RIAE 95 °C, 2
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e bith 85 I BE TG J7 A6FBL SRR BT e
b, I 5% S AR 2 B ]
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1.3.5 il gh T2 5 R
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P2 1.3.5.0 5 5k, il il i i) 2 A 52 h,
BRI US N o 5 o 2 I 10% ,20% ,30% ,
40% ,50% , LA J8 1 1 rbode 2 e S ) RIS )
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1.3.6 il T 20ma oy LAkl AR R L
ROEERE I, 2 F Box—Behnken B H7 .0 41 &3 06 1%
TIIEEE , DA S5 00 5 iy b (o) 7R 22 28k 5 o0 F
FER AT 3 IR 3 7K P iy i, 23 B, %o il
FAEHEAT AL

1.3.7 K 4y & &0 ik
20168 B 42 1 vk I
1.3.8  ZORLH Ak 20 % Ty v
199915 5

1.3.9 P& A EE S W ik KRR SB/T
1031719997 v 45 AR 2 0 5 5 LA OD {E Ay £ A
P, 1 ST S5 R N A e, A5 38 R s o
2, 0E 1,

B GB 5009.3 -

¢ B8 SB/T 10319-

120 -

y=114.81x-0.9544
R2=0.9996

=
S
T

80 [

60

40 -

20

0.0 0.2 0.4 0.6 0.8 1.0 1.2
# 0D i
Net OD value
E1 NERHEAREINNBEISBRAERL
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Table 1

Sensory scores of egg koji

i ] P AR BE RS
AR (50 &) BA KRB EARSHGRARE S AR R AR 39~50
W AR AR B AR 26~38
H A R B AR 13~25
HEE R R A% 0~12
Kol g A KR I (50 &) BT RAERERFE S EHBE BEEF=95% 39~50
FoTRAEBERE , 2HAHL 2 HZE BEE2F2=90% 26~38
AT RAEBHR, 2N ZXEE,EEF=85% 13~25
AT RAFZRAGR, >R FRHEH, 268 IILFFREK 0~12
x2 BEEHBRETSR
Table 2 Sensory scores of egg soy sauce
FH AR W AR BB
& (20 27) iR REFY RER 15~20
BEE RN L& F DA 10~14
ALY EFEBF M RR 5~9
A BiF AR 0~4
&% (20 o) EFS, ZIROBE A RF 15~20
EUBEREBE A LF 10~14
EEFER,ZRBE RLLF 5~9
EBE  EFLL AW, AF 0~4
A A.(30 47) P AR 0 RAR T A R B AR 20~30
F AKX, RR R AR 10~19
F AR R R Ak 0~9
#k (30 %) RIBSFEE 0 B RFEA R BB RFF ok, RORE B 20~30
SEoR BUR | AR oA R B A R E R 10~19
SR AR K H R TR AR R E R, AR E L 0~9

1.3.13  KBRP T GC-IMS 5 1

1.3.13.1 T FEFEAM BOFES 2 g T 20 mL
T2 i ,80 CHEE 15 min J5 MEFE . HERE IR
200 wL; PEFEEHREE 85 °C; WAL ¥4 3 500 r/min,
1.3.13.2  GC-IMS Kl 41k B ZSH0Ch MXT-
WAX, K 30 m, 42 0.53 mm, B & 1 um B 515
FE €038 A T BE PR R E 60 °C,IMS T R 45 °C, 4

Frif1a] 50 min, 2N ELAEEE Ny, WiE ) 150 mIL/
min, B3 2 P IR L B IE B L R
Tt LRI BN 2 mL/min, A£4F 2 min, Z 5 1E
18 min PNZETEHE 2= 100 mL/min, FFAFE 547
E 3,

1.3.14  FHla g it 57 H Excel \SPSS Design -
Expert.V8.0.6.1 Fl OriginPro 2021 ¥ {4 X %5 4% it
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Fig.2 Effects of steamed material water content on digestibility of steamed material, koji neutral protease activity,

spore number and sensory score
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Table 3 Coding table of factor level for Box-Behnken
% B K A (GAAY K 548 %)% B(#H % )/C C(#H) B ] )/min
-1 45 90 40
0 50 95 50
1 55 100 60
% 4 Box-Behnken i3 i&it R &R
Table 4 Experimental design and results of Box—Behnken
RI(¥H# RI(¥
N A(RHK  B(HEHE C(RHFN EamE N A(RMAK  B(EHE C(RAF N KT
KE 5 N o . P N . o .
SE5FI%) JEIC) 8] /min) H)/U-g S wl%) EIC) 4] /min ) A)U-g
T b T
1 -1 -1 0 1706.4 10 0 1 -1 1452.1
2 1 -1 0 1600.3 11 0 -1 1 1 856.7
3 -1 1 0 1620.3 12 0 1 1 1763.8
4 1 1 0 1456.3 13 0 0 0 2412
5 -1 0 -1 1707.5 14 0 0 0 2365.7
6 1 0 -1 1529.7 15 0 0 0 2370
7 -1 0 1 2071.3 16 0 0 0 2406.7
8 1 0 1 1 898.1 17 0 0 0 23993
9 0 -1 -1 1553

222 IHBRES 585 R Design—Ex-
pert.V8.0.6.1 X & 4 41 5 H 4 ik 47 22 ot [nl A 41
A, 1% 8 B E RN T (R1) X 2UR K 40 & &
(A) AL B (B) TG B TE] (C) g 5 1 — Ik
mIEF AT .

R1 =2390.74 —77.644 —52.99B +168.45C -
14.484AB +1.15AC +2.00BC -324.834% -470.08B> —
264.26C*

HIZR 5 AR, movE s S AL FAE R
369.16,P<0.0001 , F P EI AU I 25 % R e S 1R
D b A A A% 52 ) R 2R e 7 B ) A LA OC R
RPVTY PAEN 0.2634, K F 0.05, Ui B 1% 151 A 41
GRS BRI E R AL R?=0.9909, K iE
R?=0.9792, 15 B iz A5 AL AT SE MR v, HLWOINE 5
SEINAE 22 (6] A S Pk BRI 5 25 LA Y AT B A A
X T AT Al th FAE RN 5%
M) P R T 0 DR 3R S AR IR . 2
i (] > ORE K 23 5 > BRI
2.2.3 [l DR TR AR vy £ K 7 [T A BT e i T R
TR R 2 TR T LA R S A5 ol PR 2R (] ) 28

EAER, e T P ) TR BE i 2 B 3% R 2R X )
07 {FL P 2 M) S 3, A g R R R B R O
R RAC AR W, BRI R R 22 HAE AR
3 LS AT RIS OB K 3 B (A) D IR B
(B) Al B[] (C) X6 v P 2 11 5 7 100 52 ) 34
3 G T R 5 SR B ) 2 1) 58 HOVE A
2.2.4 WL AL AL BBUE A ST A A R R A
Ak, 15 20 fe A4 b v B 1 S ) B = DR 3R LS
BURLIK o3 E i 49.394% , AR E 94.685 C., Bl
AFA] 51.553 min, S0 A 30000 Hp 1 26 S 0 Oh
2 416.483 Ulg T ifl1 . 5 JESEPRERAE & I R BORbK
Iy S 50% , BRI E 95 °C, Bl EHA] 52 min,
523 PRI OS5 MH, 5 20 A i i bt 2R RS
J10 2 418.5 Ulg it , SRR FINAE 420 , % W] iZ
PRI BE R G T S BRAE B0, FL 28R TR 145 3 ek
HIES R 81.9 43

23 HIBTIZMREEZELRE

231 WEREMHE  BE 6 I, il iE
FEFE T0%~90% 1, i il i v 1 25 g % 0 b Ak
fit 1% 03 FUSCE VP4 S B A B8 B (0 s, R ELE



8523 % 45T A b R AR AR i A R A R AR ZME R o AT 295

x5 HUEABEBENFESNE

Table 5 Variance analysis of neutral protease activity

7 E kR T Fe B WA ¥ F1a P1a 2HH
B 2147 811.46 9 238 645.72 369.16 < 0.0001 R
A 48 220.65 1 48 220.65 74.59 < 0.0001 X
B 22 461.40 1 22 461.40 34.75 0.0006 HEFH
C 227003.22 1 227 003.22 351.15 < 0.0001 R
AB 838.10 1 838.10 1.30 0.2923
AC 5.29 1 5.29 0.008 0.9305
BC 16.00 1 16.00 0.025 0.8794
A? 444 278.54 1 444 278.54 687.25 < 0.0001 MR E
B? 930 431.82 1 930 431.82 1439.27 < 0.0001 R
c 294 029.58 1 294 029.58 454.83 < 0.0001 R
& A 4525.22 7 646.46
K IR 2 688.09 3 896.03 1.95 0.2634 ENAE
YR £ 1837.13 4 459.28
B LS 2 152 336.69 16

L
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Fig.5 Response surface and contour diagram of effect of steaming parameters on koji neutral protease activity
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Fig.6  Effect of ambient humidity on koji neutral protease activity, glucoamylase activity and sensory score
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Optimization of Steaming and Koji-Making Conditions and Analysis of Volatile Components
in Egg Soy Sauce

Che Ying', Chu Yanjun', Tian Xiao', Lii Ying’, Zhi Xiujuan®, Tong Qigen®
(‘College of Food Science and Engineering, Beijing University of Agriculture, Beijing 102206
’Beijing Key Laboratory of Food Quality and Safety, Beijing 100022
Beijing Engineering Center for Egg Safety Production and Processing, Beijing 100094 )

Abstract In order to develop egg soy sauce, Aspergillus oryzae HN3.042 was used for Koji-making, and the processing
conditions were optimized by single factor and response surface methods. The volatile organic compounds (VOCs) in egg
sauce were studied by GC-IMS. The results showed that the optimum conditions of raw material steaming were as fol-
lows: moisture content of the raw material was 50%, temperature of the raw material was 95 °C, and time of raw mate-
rial steaming was 52 min. Under these conditions, the neutral protease activity was 2 418.5 U/g, and the sensory score
was 81.9. The optimum conditions for Koji—-making were as follows: ambient humidity was 86% , time of Koji—making
was 54 h, addition amount of wheat bran was 32%. Under these conditions, the neutral protease activity was 2 970.3 U/
g, and the sensory score was 94.5. The results of GC-IMS analysis showed that there were 87 kinds of Volatile organic
compounds in egg soy sauce, including esters, alcohols, ketones, aldehydes. The flavor components of egg soy sauce are
different from that of soybean soy sauce. The relative main flavor components of egg soy sauce are 1-pentene—-3-ol, 2-
hexanol, 2-methyl-butanol, 2-pentanol, 2, 3-pentanedione, 3—pentanone, methyl 2-methyl butyrate, pentyl acetate,
ethyl acrylate, methyl butyrate, oxolane, furfural, hexanal, trans—2-octenonal, butyric acid and other substances. The
results showed that it is feasible to make soy sauce koji with eggs, which laid a foundation for the subsequent fermenta-
tion of egg soy sauce.

Keywords egg soy sauce; process optimization; gas chromatography—ion mobility spectrometry (GC-IMS); volatile organ-

ic compounds (VOCs)



