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Application of Soybean Whey in Soy Sauce Brewing
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Abstract: In this study, soybean whey soy sauce was prepared using ssoybean whey to replace fermented grain-brine mixture for high-salt
dilute-state fermentation. The chemical composition and water quality indexes of soybean whey were determined, and the quality and volatile
flavor components of soybean whey soy sauce were analyzed through using traditional brewing soy sauce as a control. The results showed that
the soybean whey contained many kinds of chemical components, and was rich in carbon source, nitrogen source and inorganic salts, indicating
its suitability for soy sauce brewing. The contents of amino acid nitrogen, soluble salt-free solids, total nitrogen of the soybean whey soy sauce
were 0.96, 18.73 and 1.56 g/100 mL, respectively, which were all superior to those of traditional brewing soy sauce and met the special grade
soy sauce standard in GB 18186-2000 for "Brewed soy sauce". The free amino acid content of soybean whey soy sauce was 49.79 mg/mL, with
a higher umami amino acid content (13.26 mg/mL). A total of 77 volatile flavor substances were determined in the soybean whey soy sauce,
mainly including alcohols (839.93 pg/L) and esters (808.23 pg/L). The application of soybean whey in the production of brewed soy sauce can
enhance the flavor and sensation of soy sauce, improve the quality of soy sauce, and save energy effectively, thereby providing a new idea for
realizing high-value waste utilization.
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Table 1 Determination results of chemical components and
water quality indexes of soybean whey

Z&¢ /7 /(g/100 mL) 3.07
& 5/(2/100 mL) 1.09
i 5 HE/(2/100 mL) 2.14
%8/(2/100 mL) 0.81
=T % B 4/(g/100 mL) 3.12
K/(mg/L) 1702.52
Na'/(mg/L) 189.19
Ca*/(mg/L) 137.90
Mg*/(mg/L) 369.09
BODs/(mg/L) 20398
CODY/(mg/L) 29433
CODs/(mg/L) 27017
TN/(mg/L) 1315
NH,"-N/(mg/L) 63.82
NO;-N/(mg/L) 17.07
NO,-N/(mg/L) 0.163
TP/(mg/L) 64.63
PO -P/(mg/L) 46.79

R 1 AT, SEROKFER 2Py, FE
SHBEAR (3.072100mL). &l (1.09 g/100 mL).
WJEBE (2.14 g/100 mL). S (0.81 g/100 mL). HJ
HHERETEY) (3.12 ¢/100 mL) S KEE R, 1K
KHIEEAH K Na'y Ca®" Ml Mg 25 T00LE:, &84
A 1702.52. 189.19. 137.90. 369.09 mg/L. #3Z/K
[MAEY) 5 A& (BODs) . ik 2E 75 & (CODt) CODs
391920 398, 29 433, 27017 mg/L. ItAb, FHHK
WA —E R NHy -N. NOyN. NO,N. PO, P 4%,
KPAFFOKT AV S ERS, SAFENDIE. &
TR BRIR, 7oA BRI TR &=
DL 45 R SRS e s LA xR, JRH
A R 5 0K S R R AN R B A LA R
IO gk PR RRE], WHROKEFRMRSEES, ¥
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Table 2 Results of sensory evaluation of soybean whey soy sauce

A H ¥ Kk 1E Bl GB 18186-2000 (4¥%%h )

eiF  244Be, SR kE ELABE, ARF B e RRIAB G, EiFse, ALE
ok RO, SEREF kil 8 £iE 0 ThEEE. BIE. &, K. #HED
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Table 3 Determination results of physical and chemical indicators of soybean whey soy sauce

A S & & o0 Bt GB 18186-2000 (4¥4h)
AHAFR S F/(g/100 mL) 0.96 0.79 =0.80
TR 3 B 4/(2/100 mL) 18.73 17.65 =15.00
4 #/(g/100 mL) 1.56 134 =1.50
& JRAE/(g/100 mL) 1.85 1.84
NaCl/(g/100 mL) 18.79 18.66
. B2/(g/100 mL) 0.96 0.97
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Table 4 Determination results of microbial indicators of soy sauce fermented by soybean whey

M H F R A& G BRak GB 29921-2021
# 7% % 4/(CFU/mL) <10 <10 <30,000
X B 2(MPN/100 mL) <30 <30 <30
1T KE/25 mL A A n=5, ¢=0, m=0
&% &% #3KH/(CFU/mL) <10 <10 n=5, ¢=2, m=100, M=10000
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Table 5 Determination results of free amino acids contents in
soybean whey soy sauce
# B R A B EF/(mg/mL)

FERIR R e Rt
1 B2 Glu 8.21 7.93
2 RARB  Asp 5.05 434
3 SENY Ala 2.87 249
4 HEBR Gly 1.64 1.51
5 HABR* Lys 3.66 3.13
6 iEENid Pro 1.61 1.56
7 “ R Ser 2.90 2.52
8  RAER* Thr 223 1.96
9  XAAH*  Phe 3.05 2.82
10 Z&Em* Met 0.88 0.78
11 H R BR Arg 428 2.82
12 4R B Tyr 0.99 0.80
13 ZRE* Leu 4.70 429
14 HAR* Val 3.19 2.87
15 FEaABm* Tle 277 2.52
16 fAERE His 1.43 1.29
17 ERABR* Trp 0.24 0.20
18 FMABR Cys 0.09 0.12
EeE 49.79 4395

Pl o

3 wf e RRE B

)

E 15t
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ég 10}

5 st

O Bevkaim AIREER BONAEM MREER
IR
B 1 BmERhEREERS SR
Fig.1 Comparison of flavor amino acids in two kinds of soy
sauce
HH# 5 AIAN, IR KE S L il Bl S5k
18 Pl IR, BLIE 8 P TR LR, SE T
9 49.79 mg/mL F143.95 mg/mL, b ILm s
A4 20.72 mg/mL Al 18.57 mg/mL, /K EMH
54 G5 st 5 i v U B R R RR AN R BRI A SR AH
[, (HRTE SR E R AL RSB TE
GimiE . T B e oh et S
M FEREENLFEAERSE (3775 mgmL M
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16.78 mg/mL). I fESE T3 KM K B2 e £t
ELMEAR, R 2 R ER.

S W S o - R ol 217 RN 17 RN
PRI IR S =0 3N 13.26. 14.91. 21.29.
0.33 mg/mL; fE4ERRIE F M I VYR RIRE SRR & & 0
WM 12.27. 13.17. 18.19. 0.32 mg/mL, FH/KE
(R0 R IRGIEIR & B3 = TR SRS . T %
TR P v 3 B R S SRR AN B R R SR Y, T
TR T i B IR A DL AR EHR IR
SRR R, S KR T R 5 S

23 EFAREWMERET KA

DUE BRGSO R, SR PSR - ol A2
XPREHOKE M RN SR T b, SR N3K 6.

BRI I I S5 R e T ) RUBRIE T 2 FhE
YA B2 IR P, AR A — ™Y i
6 A, BERAKEHAMESRRE R 77
TR 74 FRAFE R A ST B RN 2 492.94 pg/L
FT1 90525 pg/L. AHFEIRBETLZT, SEEHRIKEHER M
B HIMELL LSRN ED & B m TR aiG
H, ZEERS Xu SRR R, TR EERK
THEEENMAEY, KEFEA T B2 A SR

T T RS T 32 B R B A R SR ot
A, ARCRIEIR SRS AU B A e e
BRI S ferm, 703N 839.93 pg/L F1738.91 pg/L,
FhIEIEN 9 Fhs BREKFEESL, BIR/K i HARREE
YRS RS R TR E R, Hrh A E s YR
N, KRG HERESD 3-HET
BEAE P A S b S A ey, LRI RS
BT R AR RO, R vk b4 AR RS
5T 7 MR 6 Bl SR N 77.04 pg/L A 58.86 png/L,
Hrh Zid b a2 m R EY), 2
T ERI A BT AT BRI 2R A =
BE T RIS, Xne S B ROKAR SRR
FEREEAR; CREHBRETSHNIECEE K
(1), RBHROKBRGE R0, S5 ] REES 5>
VAR HAR R (G A A A i vk b4 AR
33 BRI 32 MPEESE, SErA9 80823 ng/L A
617.52 pg/L, HA 26 Ptk &M CBEZRALEY), Ui
LTS T P A B T B B R TR R R A . T
TR BRI e PR BRI O N IR S e A L R
g, X RERIE T REROK P SRR . i
MEsRFI IR Z, HiERMER. RERIK, KB
FMBRE AR A ERTR, B IR S EE
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Table 6 Determination results of volatile flavor components in soybean whey soy sauce

KA ARG Hmin e ERkel)
FRAREH RSk
1.680 LB 321.66 284.38
2.507 2-W A EE 59.32 55.69
4268 3-WAETHE 108.48 104.32
4350 2-WATE 49.55 42.56
5.538 23-T =8 33.52 24.53
BE N .
11.580 1-FH-3-B% 44.87 28.48
13.185 R EE 2.52 2.57
14.099 2-F 185 2.55 232
15.381 Eq i 217.46 194.06
pSa 839.93 73891
2304 Tl 57.52 44.55
5.048 2-F A AEg 438 2.51
5.790 T 1.56 1.03
8.036 2-FHRTE 439 7.14
B
11.843 B 4.12 -
19.188 +—arER 1.02 1.51
30.634 AZAEBR 4.05 2.12
g 77.04 58.86
2.393 LB LB 53.25 4722
3.738 AR LB 2.52 1.03
4912 2-F A A B B 3.51 2.52
6.101 T B LBg 1.98 1.54
7.611 2-W T B LBg 8.25 6.46
7.706 -FATRRCE 6.33 6.53
8.454 LB R B 2.39 2.02
8.532 2-F A T TERER 1.02 0.49
9.200 SRER TBS 1.50 1.52
10.228 3-HZ AT TES 0.49 0.02
10.396 2-W R DT W ER LB 0.52 0.04
11.169 4-F KRB T Bg 2.20 0.98
AER 12.173 B T Bg 34.72 32.06
12.999 AR B 1.01 -
14.982 3- 9 A AR A B OB 3.06 2.48
16.821 R E LB 121.57 38.46
17.046 T8 = LB 6.22 7.03
17.443 F B TBg 12.51 10.05
18.638 K LB LB 16.56 26.32
18.926 CEK LB 2.35 1.53
19.801 T84 T Bg 2.12 2.52
22.021 RBL T Bg 453 3.98
25.907 F AL 8% TBS 7.69 6.37
28.706 + etk EL LS 7.38 6.46
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Hgko
. — £ E/(ug/l)
Ra PR ETIE)/min a4y TS T Tr TS
29.663 AR P BLE T 7B 2.66 1.52
29.873 + B IRER TBg - 2.57
30.229 + kR T 5.36 6.39
30.374 BB 34.77 -
30.797 9-F S BB T Bg 4.45 2.58
31.051 AFARBR LB 171.32 148.45
32.494 9,12+ Bk W5 T B 3.98 5.32
33.661 Tk B LB 186.78 151.38
33.751 B T Bg 87.69 82.20
34219 + NI BR T 7.54 9.48
g 808.23 617.52
14.693 2-F SR 10.64 721
Bk 19.482 4-TAATA) R Ey 261.82 116.77
g 272.46 123.99
2.806 3-FA-TE® 42.55 32.46
9.317 3-FELA AEL 8.27 5.86
10.967 F B 15.96 11.72
13.417 KB 53.19 4148
SRS 15.063 T 7.68 10.37
17.661 REE 3.55 2.71
17.947 2,5- =W AR TR 8.27 5.86
11.782 3-F1 12.41 11.72
bSa 151.90 122.18
7.060 i3S 1.77 0.90
7.812 2-wk ik B 36.64 28.40
10.672 5-9 - = S-2(3H)-"k R 2.36 0.90
FRIRE 11.913 2-RIrK 4.14 225
13.719 5-5% - =R -2(3H)-k R 2.36 1.80
16.268 2-THk-4-F2 3 5-F 3 -3(2H)-"k i ER 82.74 7755
%z 130.02 111.81
4.146 3-FATH 10.05 8.12
8.139 st =K 2.36 -
8.812 EX& 473 3.16
9.518 FAF AT 14.18 9.02
13.532 4.5- = F - 3- R ILIR R IE-2-BR 17.73 14.43
13.969 2- LBkrA 17.73 9.47
HAuk 14.925 +—ik% 28.37 20.29
19.870 +=5% 8.27 4.96
22.097 +mi 28.37 16.23
24.192 + A% 43.14 2525
25.982 +k 27.78 15.33
27.470 +-z 10.64 5.74
b8 2 213.36 131.98

Er CORTAKE,
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Pl RS R 2 B, SRS
272.46 pg/L F1123.99 pg/L, EEYIFA 4- @I
My, HEARZIMEES, SRlEEZETTEL
0. PR R A A 8 B, SR
3514 151.90 pg/L A1 122.18 pg/L, FEYF N 3-H
BT KPR O], B BTt 27
BFAEE, EEHHHEEGEDR. X %0
IR FER A, SRR i AN RS AR
ETARGILE %, 5% 5. ke bR
19K 2 it BT (RAS I R O 2R RN G S0k, WO
oK R BRI R A 7
FIBAAED), B E MR A (130.02 pg/L)
TEM S T ASRUE RS E (111.81 pg/L), HH
2-2.F3E-4-F2FE-5-FIFE3(2H) -G (82.74 pg/L) Al
2-PRIHEE (36.64 png/L) FEdfi, HrPmrE i
AR, FETTEREREE, R RS, R
T BIFR%E A ARD, - A B — iR
MR, ZRfh, TR, & H KRR S I R BRI K
1, SO, 2-CilE. 2R, 2-RIEmkEE—
B, TTRECE H S R A RCY R ik
WA T 22, DAL T B 2 AR B IR SR XU
PR o A s tH AR G 12 BP0 11 B, &
BH10N 213.36 pg/L A1 131.98 pg/L, Hb BANEH
IR PRI — PR 2R R B ROKBRIE B Tl R 5 -

R, SRR REE B E)
R &R, gi b, SEROKEH IS IR
SRS PN G B TR G RIE i, R EIRK
W H T AR A

3 ZHig

AHIE T UL K B AR R 3 vl A= 7 o ) PR R
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