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Abstract: In this paper, liquid-state fermented sauce mash with salt concentrations of 12% and 18% (w/v) was used as the
research object, to explore the effect of gradient heating (15 °C-20 °C-25 °C-30 °C) on the microbial counting and flavor
formation of fermented sauce mash. The results showed that the yeast counts of the low-salt sauce mash sample (TC12)
using the gradient heating method was about 1.0 log CFU/g higher than that of the constant temperature (30 °C) control
group (C12) at the end of fermentation, which indicated that the yeasts maintained growth and metabolism for a long time
in the gradient heating group. This might be related to the fact that the lower temperature in the early stage of fermentation
limited the rapid propagation of yeasts. Among them, the amino nitrogen of the fermented soy sauce from TC12 was as high
as 1.14 g/100 g, which met the standard of premium-grade brewed soy sauce in China. At the same time, the content of
umami (19.03 g/L) and sweet amino acids (19.32 g/L) in TC12 was high, accounting for about 60% of the total amino acids,
presenting a better sweet and savory taste. The volatile compound detection data showed that the content of ethanol, ethyl
phenylacetate, ethyl palmitate, 3-(methylthiopropionaldehyde) and benzaldehyde in TC12 was relatively high, and the
sample showed an overall sweet-fruity aroma and ester-like aroma. On the other hand, the gradient heating sample of the
high-salt group (TC18) contained more guaiacol and methyl maltol, showing a smoky incense and saucy aroma. The
sensory evaluation results showed that the low-salt gradient heating fermentation samples TC12 had higher aroma and taste
scores, as well as better comprehensive tastes than the constant temperature fermentation samples C12. In summary, the
gradient heating method is beneficial to limit the excessive growth of yeast in low-salt (12%) fermented sauce mash in the
early stage and maintaining a considerable cell count of yeast in the late stage of fermentation, so that the yeast can

continuously ferment and generate more flavor substances and improve the overall flavor of low-salt fermented soy sauce.
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FEf C18. TCI8 I A LR & A & & 43 3N 1.06.
1.14 g/100 g F1 1.07. 1.10 g/100 g, 3935 B4R 3
PAESR . SRR A A T 3t o th a3 v i i R
o U B ER (BT 2 RS UK A B 2 IR T o —
7, A A AR 2R H B SE PR R A T AR
—FRAT IR, FEOLE B P, AR
F P R VRS B TR I RS A S R S
TR, P S AU A i Ry TR C i 3 2
Sto TEEERTA D, B EETHELL TC18 &Ik
AAE 30 d AT BGHFBALTEIELZ C18,{HAE 30d 5
VU sl A s 25l R e (R AR . IS
M KUANG 2525 FEABATT A1 5T o 4 B 9175 D AR AR,
HEM A TE RIS T, DK AR B ARG 52 2 —= 31
il WA SR E P E TR T R BT
K R 205 1Y, 5 3R 0 i = sl 3 b e IR 4 e
SRS A A O B A A
23 AEESEBLEIEHRPNIFIEREREE
TEC VR RIS 58 Tl & Il BV & (60 d) FITR & 1%
Fe (0 d) 1Y TiF 5 A FEFRXT HUAS Ayl B T3 2.

22 PR, £k 60 d W) B PO A i Y 28 R 1%
TR R R L 3G S (P<0.05), A, AR
TRAZIER TC12 1 TC18 FEMh IR FERR 2 i bR &
B 2 A5LA b A, TC18 MR S L7
AR, i85 20.07 g/L, (IR U ES E LR L 24
32.4%; 1M TC12 FYAGIHBRE BLfR e, o 19.32 g/L,
2905 29.7%. 1T DL R RTHA RO (IR D e AT R AR
BA TRy oK 1 S i A e R e W e, BE
T 2% e e W 38 43 b AR B AR g ™, AR [E]
ELO A TEIR & BERE AR (C12 Fil C18)7E 60 d A 451~
Fo e B R B Y SRS A R Y L) 3T W 2 22
S G EBR | FHIR RN IR 2 EL IR 5 L350 31%.
27% 1 42% ZeA7), HED AT BE R Ny #5182 2 ) i
A B, AE RS ) R R TR PN, AN RIS BE T ik
AW BAHR R K A R A BAEEL B e i S R0
VRS S IR A T v T DTk T L L AR AR
VEIRAZ, SPGB R I > —, AT
WL, B6RE FHE A B2 TC12 1 TC18 FEEEFT X - A
TR R B AT — e . O —J7 I, UiEES
LR e U v AR A B e A SE R R R N Y
FEEATIRY Z —, X R &M XU IE i) 2 &
TECT AN, s SRR M 2R (Cys) Fil FH i 2 R
(Met), BSRTE AR W b 2 B, (HRBAE ST
1 g AR A TR (ARe 2 OIS ) B v A A28 2
I “HE . eGSR M BT, a0 28

K2 ERUWRIED 12% F1 18% HYEGIBAEA R4 e e i Ui 188 B R 1Y) 15 8 (/L)

Table 2 Free amino acid contents of sauce mash with salt concentrations of 12% and 18% after

different temperature-controlled fermentation (g/L)

kb 540 (60 d) FEh4r4H (60 d)
SRy A xR
c12 TC12 CI8 TC18
fif R Asp 1.78+0.12¢ 6.50+0.15°¢ 5.56+0.23¢ 7.09+0.07° 7.43+0.12°
fif R Glu 4.25+0.21¢ 9.97+0.19¢ 13.48+0.31° 10.57+0.31° 12.63+0.25
N2 6.03+0.33¢ 16.47+0.34¢ 19.030.54° 17.66+0.38° 20.07+0.36*
7S Thr 1.03£0.04° 2.52+0.05¢ 3.20+0.10° 2.85+0.13¢ 3.10+0.12°
7S Ser 1.46+0.04¢ 3.40+0.05¢ 4.20+0.10° 3.66+0.09° 3.88+0.13"
LS Gly 1.62+0.07° 2.42+0.04 2.99+0.06" 2.62+0.07° 2.82+0.08"
FilS Ala 2.35+0.04¢ 3.26+0.05° 5.49+0.11° 3.36+0.15° 3.52+0.07°
B Pro 1.97+0.18¢ 2.57+0.11¢ 3.44+0.18° 2.49+0.48° 2.99+0.26°
N2 8.43+0.37° 14.16+0.30° 19.32+0.56 14.97+0.93¢ 16.28+0.66
LLUN Cys 0.61:£0.00 0.66:0.01° 0.56:+0.05° 0.49+0.02¢ 0.53+0.03¢
LLUN Val 2.50+0.04¢ 3.562£0.05° 4.26+0.29° 3.78+0.11° 3.88+0.10°
ik Met 0.74+0.00° 0.80+0.01° 1.13+0.17* 1.01+0.02° 1.07+0.03°
ik Ile 1.62+0.074 3.28+0.06° 3.9140.34° 3.79+0.11° 3.90+0.11°
ik Leu 2.5240.11¢ 4.94+0.08° 5.89+0.41° 5.70+0.11° 6.08+0.16°
ik Tyr 0.77+0.04* 0.60+0.01° 0.45+0.11° 0.29+0.01° 0.2620.02¢
ik Phe 2.3240.04° 3.10£0.04° 3.74+0.03° 3.13+0.05 3.76£0.32°
ik Lys 2.48+0.03¢ 4.01£0.06° 4.78+0.03° 4.34+0.12° 4.42+0.10°
ELUS His 1.20+0.02¢ 1.2740.03¢ 1.87+0.01° 1.63+0.04° 1.65+0.04°
TR Arg 1.10+0.03* 0.14+0.01° 0.1620.00° 0.10+0.01° 0.13£0.01¢
N 15.86+0.39° 22.37+0.36° 26.76+1.44° 24.25+0.60° 25.69+0.93
s8N 30.32+1.09° 53.00+0.99¢ 65.10+2.54° 56.88+1.91° 62.04+1.95

T AT AR NG FRERIRAE 0.05 ZKFAS IR T 22 18] 2 5 i
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i i (2-furfurylthiol ) . 5-FH JEMEM;-2-H % (5-methyl-
2-thiophenecarboxaldehyde ) F1 H i 38 PN ik ( 3-(meth-
ylthio) propionaldehydel) 45, X ¥ Bl i B FEAREFAE
UR B FA 43 B 228 B THR A RS TC12 A1
TC18 HFHEZ M Cys Fl Met &% 2ol AT il 5 HH
PACIRRT BRI “He T . FEAT” S BRI E— 2 A B, X
FETH ™ S ) U i B B s i ER T HEF o

2.4 AR ER L EEEEIM AP REL XK R
2

el

223 BT HEERSEEFR AR T2 T AE
FRTUE R R A I R PR S . AR,
KT ARG TR b R e P XU B 5 de 44 (25 3T T,
SR XUBR B S 1G5 AR R FE AR =
—, RN QWS AR S BRI I 2~3 £ .
{REL Sy 4H P AR EE THERY TC12 LN Z B &,
K F) 491.69 png/L iy C12 B A BE S B2 N
403.71 pg/L. ERSTLHM Sl S AR 480, 55h
330 png/L 247 . vl WL, (IRER 43 iR S35 BB R AR 32
T EAIRIE S XA R T R E AR ) e B A
KARUE R, ACE R T3 2D 48 T a3 0
FeTT” , A XGER 53 T I 14 8 VOB 5 515 — 28 I 35
Byt 5 Z BRI AR LR, R 43 R I T
e i LU R A R L B i, AN 20 2L R AR 1R
LR, F£ TC12 LA & &4 5ZR 6.15 F1 74.84 pg/
L, T ZEXT B B 5 £h 434 TC18 W& 2494 1.89 il
51.93 ng/L, “TE7 . REFRIFNYIE" B EEIE 94 0
R AR AR E R R M e 2 —, FRRESIE T
ASBIFFTE AR ER 53 2 PR & A 7 B2 R A XU T
AR S, 3-H R L P (10.22 pg/L) FIZE H i
(19.49 png/L) &5 “peks | 7" A R R LG
FREEARER 4320 (TC12) h & it ey, o, 3-F
FETPR PSRN HE P S5 1A 1 Zo I ) Sy e B e 2L R TR
RN E R S A S &L 3L 12 38 . Ehrlich #6455 19 A 144
W=y, RS EINEEHEREY R Z
(19720221 ok, SR CUHEER | ST IS

Py SO AN RS My A B2 2y AR, AE s iR o A A
T2 (7 TC18 T &84 M2k 2.47 F1 7.96 pg/L)
X eI A R ER AR YN TG G I B L R DU e
BREA A = ER R Z b s 32 S R b A A G
LIU 4502 e s s I R v e A B G &
BB, J2 0 %m0 A A R v v A A R iy 2 i i Y
15, PV AR B AR T, ASHgR TP DL
PG ANPK L | R 20 SN 2-F 3 T
8, EAFEER A FAERM S B R E2ES. i,
RBEARPE TR & 7 PR T i B 43 B sl e S 380Uk i 31
TR P8 DRUIAR DA SR ) B L AR 7 | MR R 1 X
BRANELAT hy i “AET . AT NG S AR A XU
25 BBEXIT

A GEARPEAS R K 19 T L FRAG 1 DU 3 & e v
TELead 48 B [a] A BROK B s, ki 22 44 X ™
MR A EE SR MO, SRR
HATERESETE . P R I PR E S 25 3 1
P te SR T AR TS RIS T 3.
SEINOR, FEEEST RIS T, BAREEFHR R (TC18)
FIE I & BEZH (CL8)FE SR A (L . 5. 60K . MRS
R ZF A P AR R T4 e, o R AR
SN 3.6, TGRS AR AT 2.45 K. E&H
SRR Ay R R FIMAE <7 00 AR AT TR 44T, TG R
7w al i FRE SRR . 1 R VR T A R T e
B JELOR Y S B, SO AR . S — T, BT
IR EEIFE T TC12 FESLIOEERR . T AFEMZES
AR e T EIEL R A S, . L, TC12 P
PP 4% il 1 R i R A W R B T A
IR, (AR FRERE S 5 2 S A N I 9Eh
TR N, TR SR AR, TC12 WU
ARNEEARAR 538 AS 2 TR FHR R T2, BERA
LR AT Re R YA s FRAT R s A, 4R
Frez A ORIRR B2 0 2 ARG R 5T, T O 4
JEIRRUR™ 27 I, h B TR A 1 T 25 A el s T
ARER S A PR LT 4 XU A J2 1) 1) R,

3 ERPUREE 12% 1 18% WY IBAEA Al A 9 J # R MEAL S i 75 i (/L)

Table 3 Contents of volatile compounds in sauce mash with salt concentrations of 12% and 18% after

different temperature-controlled fermentation (pg/L)

) k440 (60 d) FIERAY (60 d)
ERMAE D) SRR H K ekt R
TC12 C18 TCI18
LB RS 159.17+5.41 403.71<13.1 491.69+13.51 326.43+11.29 331.69+10.61

K i i 5.67+1.44 30.81+0.93 28.98+0.18 26.46+0.85 30.41+1.92
KRB i 0.63+0.08 20.76+0.25 22.1240.16 20.76+1.34 21.23+3.66
WLIR TR IRV 1.37+0.17 5.95+0.54 6.15+0.42 2.09+0.49 1.89+0.22
KA < g WHmA< 20.98+3.10 75.849.53 74.84+1.57 54.81+3.58 51.93+5.16
SR KA 11.542.54 10.04+0.38 9.62+0.88 10.32+0.84 9.48+6.97
2-FHE TR F U 6.02+1.73 4.99+0.43 5.37+£0.46 5.41£0.62 5.28+0.42
3- M T P ki 4.26+0.57 10.22+1.68 9.13+0.09 5.76+0.46 6.33+0.30
2 A 7.18+0.70 19.49+1.52 18.03+0.89 15.08+0.36 15.45+2.20
RIS JHEE | Frt 0.98+0.31 1.54+0.02 1.74+0.09 1.95+0.08 2.47+0.27
HEFZ 25 TKIRBIT5 2.91+0.52 3.27+0.73 3.11+0.86 5.99+1.68 7.96+2.64
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Fig.3 Sensory scores of fermented soy sauce with salt
concentrations of 12% and 18%
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AW LEHE PG, SR AR B THR T 2 IR 5
AR (TC12) BT R T E R TSI B e E =)
MEZH (C12) %55 1.0 log CFU/g Zify, HiZ4H K& W5
T PRI E ELRRAS A S s 1.14 g/100 g, 1 hh TR
s i, TC12 HAYEEIR (19.03 g/L) FIEH Rk & 1R
(19.32 /L) Frm i, SIS I EEERE R . #EAME
Y FAGI FAES Y TC12 Fh I 2B, SRR 28 | b
HEIPR 2L 1R« 3- PR AR I DN T A4S FP i S5 By A v, Horp
TC12 HAYHE 2R Z IR FIREHERR 206 & =48 TC18 41
Y 1.5~3 £, SR BSRZU Y < K R EH A R A o
ARZARER TR & 12 1257 0 R S AL Ge i b A 4
KEEFEIT ) CET | P RRIREF A — 2
o BRI, R E s h, v 25 B AR R B TR T2
A LA L, 1) IR P P S I 43 i e 1 B (N5 [
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IAIRER PG p &2 R | R SRR M U BT
TER, HE—40/IMIEEL R S gorm ik & 1
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