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Effect of Enhanced Fermentation with Aspergillus on the Flavor Quality of Liuyang Douchi, a Traditional
Chinese Soybean Product
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Abstract: To investigate the effect of enhanced fermentation with different species of Aspergillus on the flavor of
Douchi, the quality differences between enhanced fermentation by 4. flavus 7214, A. flavus 7622 or A. oryzae and natural
fermentation were compared. The results showed that enhanced fermentation with 4. flavus promoted an increase in the total
amount of free amino acids and organic acids, particularly glutamic and acetic acids, in Douchi. A total of nine classes of
compounds including esters (20), acids (11), aldehydes (12), ketones (9), alcohols (7), pyrazines (8), alkanes (10), phenols (7)
and other compounds (8) were identified by gas chromatography-mass spectrometry (GC-MS). While higher levels of
pyrazine and phenolic compounds were observed in naturally fermented Douchi, enhanced fermented Douchi had more acids
and aldehydes. In addition, some new volatile components, such as methyl phenyl acetate and ethyl linoleate, were formed
by enhanced fermentation. Electronic nose analysis revealed that the flavor of A. flavus 7622 fermented Douchi was closest
to that of naturally fermented Douchi, while the largest flavor differences were found between A. flavus 7214 fermented and
naturally fermented Douchi. Furthermore, 4. flavus 7214-fermented Douchi had better overall flavor in sensory evaluation,
mainly in terms of aroma, sourness, sweetness, and umami. To summarize, enhanced fermentation promoted the release
of free amino acids, organic acids, and volatile compounds, thereby having a significant impact on sweetness, umami, and
aroma. These results could provide theoretical guidance for the industrial production of Liuyang Douchi.
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Table1 Retention times and quantitative calibration curves for

organic acids

HHLER L B4 15 7] /min Bt ih £ 5 72 R
R 4418 y=7229.7x+166 426 0.995 8
AR 5316 y=1161.5x+145 350 0.992 1
HRR 6.308 y=811.19x+ 14 469 0.9930
LR 6.515 1=369.06x+7 309.7 0.998 9
7 6.895 y=284.49x+33 801 0.993 9
FreER 8.614 y=1007.2x+30 824 0.991 7
T 11.16 y=639.55x+17 248 0.996 6
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Table2  Sensor performance description
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Table3  Criteria for sensory evaluation of Douchi
R (109) FEdih R OURE
P , - B BHAR o
Ak i A0~1 555 (25) KR (<25)
Bk OFBRD  02% (10) 0.1% (75) 0.05% (5) 0.025% (2.5)
Aok CRERD) 1% (10) 0.5% (7.5) 0.25% (5) 0.125% (2.5)
ik ok (RERD  0.02% (10) 0.01% (7.5) 0.005% (5)  0.0025% (2.5)
= gk (TRA) 0.12% (10) 0.06% (15) 0.03% (5) 0.015% (2.5)
Rk (&) 8% (10) 6% (1.5) 4% (5) 2% (2.5)
Erk (BBEHID  0.24% (10) 0.12% (15) 0.06% (5) 0.03% (2.5)
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Fig. 1  Free amino acid contents in Liuyang Douchi fermented by

different strains
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Fig.2  Contents of organic acids in Liuyang Douchi fermented by
different strains
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X %
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Fig. 3  Relative contents of volatile compounds (a) and Venn diagram of
numbers of volatile compound species (b) in Liuyang Douchi fermented

by different strains
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R R ARS S i A, LUNFA e A 17 127.70% 5
98.65%. KW AT, BARRAEK,
AT SRy 5 B 4R A AL il 1 A R Y. S5 NF R BEAR
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. dAE. gEECY, SRR E B R oR LB A
B E TNFE B R B 2 7= A — LB Y i,
JR-2- TN W A flavus 72145840 R T 7 B R RRHE 4
3 B G 2 5 00 S T 7 R e N B W A BN A T R I
BRI = AP, S H 3 vk 5 4 A, 2- P I
HNA. flavus 76225840 K B S0 AFAE Ly, B EES
WP, 2 \IEREANAEA. flavus T214 ]2 A. flavus 7T R B
SR, AT E AL RS A R,

MR 2 FH A 1 /s R A o A B 1 o/ i IR 5 0
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W) I 2 IR T A oot Wi R R 1 R AR A,
AR & BT NA. oryzae>A. flavus 7622>NF >
A. flavus 7214>A. flavus 77, BiZALEY)— @ A A
Jii F07 PR AN B A B R IR B e A, T R I AR A AN
REW AAILAES FIFE S PR E R K, HA &
BAG, SRR TTERA R . BRUEVREHY & EA
1%, AR LB Fom, DRI 7= Rk s kA K

4 REHRRAL K B SRR PRk 5y
Table 4  Volatile components of Liuyang Douchi fermented by
different strains
i s N IR 8/%
il R i NF 4. oryzae A flavus 7214 4. flavus 7622 A. flavus 77
R L Jiie CHO, 039 — - - 0.56
LRLR CHO, 027 014 0.1 — 0.13
RARER CH0, 005 — — - —
VAl C,HO, 005 — — - -
SPH--THZER  CHO, 051 044 0.32 040 039
EERERH CH0, 022 — — - -
A R B CHO, 047 — - - -
KERLT CHO, 043 071 0.74 042 135
¥R CoHy0, 009 0.16 0.08 - 0.18
KR CoHp0, 057 094 100 1.02 39
Rk LLBR LR CyH0, 031 012 0.15 0.2 055
FARR CyH,0, 101 238 — 0.52 -
9,2 F B HMLE CHO, 143 546 — - -
KT CHO, — 006 0.06 - 021
LREIAEARCE CHO, — - 0.20 - 021
RRaY il CHO, — 010 0.09 - 0.18
TR B G0, — — 495 0.88 -
LHETROAER  CHO, — 027 — - -
9,15+ \B_MMFR C,H40, — 016 0.19 - -
TR CGH0, — 204 198 — —
ARAY A CHO, — 012 2,05 - -
LB CHO, 1058 1203 1094 1996 1459
FEELR CHO, 129 — - - -
3T CHO, 09 — — — —
R wavsii CH,0, 200 389 381 224 —
WAL CH0, 232 — 748 3.04 -
Bk [t CHO, — - - — 1121
Rn i CHQO, — 012 - - 0.11
AR CHO, — 071 - - -
Gl CHO, — 010 9.26 - -
9,12 NS5 R CiHn0,  — 729 - - -
1] CHO, — - 030 - —
2R CHO 021 029 028 0.92 044
3-FETR CHO 148 337 2.94 212 1.35
LHHTE CHO 046 130 0.93 121 081
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