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Abstract: In traditional soy sauce fermentation, the efficiency of raw material degradation by endogenous enzyme systems may, to some
extent, limit the release of flavor substances. To further improve raw material utilization and promote the accumulation of flavor substances,
phytase (PHY), acid carboxypeptidase (ACP) and glutaminase (GLN) were added to high-salt liquid-state fermented soy sauce to analyze their
effects on physicochemical indexes, amino acid accumulation and volatile aroma. The results showed that, under different exogenous enzyme
treatments, the trends of total acid content and pH were generally similar among all groups. In the early stage of fermentation, the PHY group
showed relatively higher reducing sugar content. At 60 d, the total free amino acid content in the ACP group reached 61.96 g g™, which was
16.20% higher than that of the control group (53.28 g kg™), significantly improving the proteolysis efficiency in the middle and late stages of
fermentation, and the taste activity value (TAV) was also relatively high. The content of glutamic acid in the GLN group reached 8.11 g kg™,
which was 31.80 % higher than that in the control group (6.15 g kg™), improving the accumulation of umami-related amino acids. In terms of
aroma, the ACP group promoted the formation of 3-methylthiopropanal (relative content 7.87%, compared with 3.68% in the control group) and
pyrazine compounds by increasing the contents of methionine and phenylalanine. The GLN group showed relatively higher contents of
3-methylbutanal and phenylacetaldehyde after heat treatment. This study provides a theoretical basis for the application of exogenous enzymes
in soy sauce brewing.
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Fig.1 Changes in total acid content and pH value during soy sauce fermentation
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Fig.6 Changes in Taste Activity Values (TAV) during soy sauce fermentation
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Fig.7 Changes in relative content of volatile flavor compound categories in soy sauce before and after heat treatment.

H NENNEEE BESCEE MENcree gt
HE BEEEEEEEEEEESNEE rov-ee Sos
iR CEER | BN B

ACP-Pre 0.60

(‘ﬁ\’ Q\’*

. GLN-Pre 0.40

0.20

0.00

[El 8 & BIEE MR EIEL XK BRAVRE 51T
Fig.8 Heatmap analysis of the distribution of volatile flavor compounds in soy sauce before and after heat treatment.
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Holkk; Hetd H4REE; Hets % 5-F KRB, Het6 A 3-FAskr#. Phe (Br%): Phel # 4-TK-2-F AMRE (4-THAGIAE); Phe2
J) 4-THOREy; Phe3 AREIAEN. Alc (B5%): Alcl % 2-kwg FBF; Alc2 AR TE:; Aled 4 1-F4i-3-85; Alcd ) 2-RA-1-5E7,
Acd (BRE ). Acdl 4 TBR.

FERNE IR AL AR 5 & RS DI, 1B 7 51 8 feoR 1 IR BEHT 5 # 5 A M2 /) 132



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.5

DL, TEREERRT (B, HERMEDFE D, FEDIEI. B KBRS R =, Gk
(85°C, 12h) Ja, W kAEDESL, LA, TR, RN MR ERRZEY U2 K iR K B R,
FAXT & B RIRE RS, XA RORES T # MRS, BRGNS S a s, 2 EYnIm
SRS S B, HEoR S A S B K U 75 oo FA% (Strecker Degradation) A g MR TR AP il ) 2 2

BRSPS BB PIIAZ =) o 3-FBR IR IS 5 38 L IR RIS ARG, AUb3i)E, ACP 411 3-Hifi
FENREARRT S BN 7.87%, 2904 CTL 41 (3.68%) K121 1%, =T GLN 4 (4.12%). Z5&R1 0 B a L s,
XHHES ACP A R ERFR R FEAE R SR iR A TR R T ARG 5% IR L ST FFIEMIC, ACP
#H (11.25%) 5 GLN £H (11.55%) 7ERGCIE SRR Rk, XS HATAR N IR AR REVIAHOG; 3-Fidk
T 5FFREF M, GLN ARG S 855 3.58%, T H 4l RN BIELA ] ezl T
SERIRAHR IV AR . HERER R R G S A . IRIE SRR G, IX L) - BRI T 2R
IR JE AT SRS SR R R A i OB o DY PR ILE R 5 g R S LS B R IE AR O, ACP ZH A S 1) o b ek
11.96%, =1 CTL 411 2.53%. XA, FRlh AR IREIERE i —F & e s Z R R AR, Pl RE AL S VIR R
PR T 0 R P AUR; 2,5- FRRIER SR IR A REIEAR G, CTL 4 (5.92%) 5 GLN 41 (5.85%) FIAHXT & &
B, S ISR SRS T e S B N A A AL R IIANFRIE . RO SRAIER . I BRI
%, ACP ks Eiim GREHEEN 2.74%), Xn[RESHRAZIRIMAAN REGA % ACP 4L 4-2,
FEAEIARE (0.05%) FIEEN 4-ZFE2KM (0.92%), XSRS SHHERE. 253 RE A<,

2.7 FLT Pearson A#f o< M #h B By Rk BT A S AL AR AT

Pearson's r

0.8

PO OO
SRR

@«»@\ q@’ &
B9 EhABE SRR S XEESYRAEX S
Fig.9 Correlation analysis between free amino acids and key aroma compounds in soy sauce at the fermentation endpoint

E: AldL ARTES, Ald2 HRTFES, Ald3 4 2-FATE. Hetl % 2-TBEAke, Het2 4 2-TH-6-F Aok, Alcl 2 2-7kvh
WEE. Alc2 AR LB, Phel 4 4-CHh-2-F AL KA. Phe2 4 4-LH KB, Ket 4 26-=F 3 -3- 281, Asp HRLEE, Glu HBHR
B, Ser AL BB, His ALLRABL, Gly HHEABR, Thr AHRE, Arg AR, Ala HAERE, Tyr ABEAEL, Cys AHMEAR, Val
AYEER, Met h FHAFL, Phe AXRAEATE, lle AFEZRFE, Leu HEBEAB, Lys HHAE, Pro A, B+ MeE K& Pearson
MK AR (LEAHEMRK, BEAHRAK), ““ERFTHITFEF (P05, “**EAFMEF (P<0.0D.

N T ARIUF B RO FRAE R I TTRR, AT FIEBOR 2 5 (60 d) [ 17 Al B s IR 5 b S 1
10 PRGN EY), Fd | Pearson FHICHERAE],

W 9 PR, 4-CF8-2-FEEAT SRR IEER LLAMAZE K 2 B Ry B 35 1EAR (P<0.05), H:
h AR RN IR BN R 2K (P<0.0D). [FIFERGES WL ITE 4- MK LHEh . X —451RY], ]
PERR IR P J5 R o A R D R PR AR LA P, DR AT RERE— DRl 70 & U AL S T L. Feng
PR, SR SRR E SR A A 56, Fork 3-HISE TSN 3-FR RS R Sk At
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RNEIR G CBE 2 (MR B AN (r>0.95, P<0.05). 45AHIbIa R4, ACP ik EERIZE
N (320 gkg™D ATfES ST RE R 2 O BRI 5% Bernardino %P5, LR HERRTTA
Ehrlich 12 E R 2-2K 07, A EWRA IR B R R. 1Ah, BEIRS 2- P EE-3-Pli R0 & IEAHS

(P<0.05), FRHIEFIRZIEIL AN R A] el B MR- HRFE SO NE 2%, TSN 1 AR € S A TR A

FESEIAEY) ROl KHED KRB, HREER R 5 R 2 Ha ERRBIR A R H IEAH
P, IXRIE ACP rf, FIBREIRM & SERat 5 ke B e AR IR s R R, WT e s b
IR BRI T AR R P R A

3 g

HNISBE TN INARST B A A 2 pH AL S S R & AR AL a3 AL B Wi, 540 pH (B SR S A
SRS AR 5 MBI AR I B AER, b TR STem s &, AR TIEERE AR, 1R
PEFRIKMEAC B A R I P S 3] (20~60 ) R BGEI B KRR OGIETE . IRVESRIKMEAS NG, K25 5. ACP
R B IR S RO AR = T 16.20%, ZIEIRARREONIIR; TAV W&l ACP ek, vk Ak
FRBEIHEAEAIAE THGRK T GLN AR EMR S B AN IR e m 1 31.80%, #m 1 S S A IR IR 2K
o BRI JE RIS AR RN 7R B, ANEEREAE L 58 0 B SR SV TR A AE— € KRBk . ACP 41
S B PRI RN R T RE S 3-SR, K LRELLR 2-2.3k-6- P RS S IR A K5
GLN ALAGEER 5 3-HE T AR L REARXS S R o T FCA KRR Gut A 1 HEIRIE . IR IR IR B AN 25 = I i
Sl AR e R A A T IR R AR R A RV SRR, DRANEREE RGN IR T 2% . SR
LA G RN, HERVEROE R B VPN S E IS AR AT T, RN B AN R SN v s A S
P T i T BRI R L o
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