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Effects of aging time on the volatile flavor components of soy sauce using
electronic nose combined with headspace-solid phase microextraction-gas
chromatography-mass spectrometry

HUANG Bing-Yu', WANG Lin', LIU Yuan', WANG Hui', SHI Xue-Mei',
PAN Li-Na', FU Qi-Xu', WANG Xian-Bin'", LI Dan’

(1. Sichuan Yuanjingda Food Co., Ltd., Luzhou 646000, China; 2. Luzhou Laojiao Group Co., Ltd., Luzhou 646000, China)

ABSTRACT: Objective To investigate the effects of aging time on the volatile flavor components of soy sauce.
Methods Differences in volatile aroma components between black bean soy sauce and soybean meal soy sauce
aged at different times were analyzed using electronic nose combined with headspace-solid phase microextraction-gas
chromatography-mass spectrometry (HS-SPME-GC-MS), and key aroma components were identified using odor
activity value (OAV) method. Results A total of 1227 kinds of volatile substances were detected in 6 kinds of soy
sauce samples with different aging times, mainly including 265 kinds of esters, 155 kinds of terpenes, 153 kinds of
ketones, 137 kinds of heterocyclic compounds, 104 kinds of alcohols, 77 kinds of acids, 72 kinds of aldehydes, 59
kinds of phenols, 54 kinds of hydrocarbons, 50 kinds of amines, 30 kinds of aromatic hydrocarbons, 27 kinds of
ethers, 26 kinds of nitrogen-containing compounds, 9 kinds of sulfur-containing compounds, and 9 kinds of
halogenated hydrocarbons. With the increase of aging time, the types and relative content of volatile compounds in
black bean soy sauce and soybean bean soy sauce showed significant differences (P<0.05), and the key aroma
components contribute significantly to the overall flavor characteristics. Electronic nose technology could effectively
distinguish the volatile aroma characteristics of soy sauce with different aging times, and was consistent with the
trend of changes in volatile flavor compounds. A total of 132 kinds of key aroma components (OAV>1) were
identified through OAV, among which aldehydes, phenols, and terpenes contributed the most to the overall aroma of
soy sauce. Conclusion This study reveals the influence of different aging times on the volatile components and
aroma quality of black bean soy sauce and soybean meal soy sauce, providing theoretical and experimental references
for the improvement of soy sauce and flavor quality.

KEY WORDS: soy sauce; electronic nose; headspace-solid phase microextraction-gas chromatography-mass

spectrometry; volatile flavor; odor activity value
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Table 1 Performance description of different sensors of
electronic nose
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Table 2  Analysis of basic physical and chemical components of soy sauce with different aging times
e BAERTA 2R SR A TCE E TR Y AL Bk
/(g/100 mL) /(g/100 mL) /(g/100 mL) /(g/100 mL ) /(g/100 mL) 1%
A-3 1.00+0.01° 1.66+0.01° 2.28+0.02° 19.30£0.01* 17.3120.04° 20.01+0.01°
A-4 1.10£0.00° 1.71£0.03° 2.30£0.01° 20.13+0.01° 20.92+0.01° 20.03+0.02°
A-5 1.20+0.01° 1.85+0.01¢ 2.48+0.01° 19.55+0.01° 20.87+0.01° 23.20+0.00°
B-3 0.89+0.02° 1.53+0.03* 2.66+0.00°* 19.60+0.01° 15.52+0.01° 22.00+0.01°
B-4 0.95+0.01° 1.67£0.02° 2.69+0.01° 19.75+0.02° 16.71+0.02° 23.10+0.00°
B-5 1.00+0.01° 1.83+0.01° 3.12+0.01° 23.97+0.01° 16.70+£0.01° 24.12£0.01°
R A EARAE/ NG FREFRIRA N 22 57 ¥ (P<0.05), 3R 3~4 [,
* 3 T EIRRERETE) BT & MR FR oM
Table 3 Electronic nose analysis of black bean soy sauce with different aging times
wicC W5S w3c W6S kbR WIS WIW w2s W2W W3S
R EEMHSYH) &) (&) ﬁmﬁ)(ﬁ%%ﬂﬁﬂﬁ%%ﬂ@\%W%MﬁMﬁW%(K%ﬁﬁ)
A-3 0.82+£0.09°  1.73%0.44" 0.87£0.08° 1.09+0.05" 0.96+0.01° 3.20£0.70° 2.97+0.51°  2.65+£0.45"  2.11£0.43"  1.25%0.14°
A-4 0.62£0.01°  4.13£0.96° 0.72£0.01* 1.01£0.01° 0.94+0.00° 6.77+0.26° 14.77+1.60° 4.63+£0.16°  4.99£0.27°  1.02+0.01°
A-5 0.60£0.01*  4.23£0.29° 0.70£0.01* 1.01£0.01° 0.93+0.00° 7.16+0.16" 15.91+0.61° 4.75+0.11°  5.22+0.13° 1.02+0.01°
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Table 4 Electronic nose analysis of soybean meal soy sauce with different aging times
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N e ) (ki3
Y (EAALS 5 5
(K  REMGY)  (EH) EXier) E R

wis WIW w2s W2W W3S
(A Coblsfedy) (B BEEZS) (BHLBRILY)) (KEEbeRE)

B-3 0.78+0.02° 1.34+0.05° 0.8240.01° 1.04+0.01° 0.97+0.00°

3.18+0.19* 3.45+0.48"  2.09£0.10°  2.43+0.12°  1.11+0.02"

B-4 0.65+0.02" 4.80+0.26" 0.73x0.01* 1.01=0.00"  0.95+0.02°

5.83+0.51°  12.33+1.13%  4.17+0.12°  4.47+0.37°  1.02+0.00°"

B-5 0.74+0.02° 4.87+0.08° 0.82+0.01° 1.00+0.01*°  0.96+0.00"

4.87+0.43°  12.99+£0.87° 3.12+0.02°  4.17+0.29°  1.00+0.02°

wic e A3

W1S

wic -=-B3

18- —e—B-4
- MO ,_\WSS ..a- B-5

PR T A St X AN [ AR P )3 T £ i 3 7 5 11

Fig.l Radar diagram of sensor response to soy sauce with different aging times

R RAE, ELZEBRER 4 4FRF, W2S, W2W ., WIS f&8ds
V4 ] (e v, W2 KT | PP AU, FRBH S | WIS AT
REFEPRIR 4 AF 0 A S oTmRAR K. B8 S 36 R SR i et
FHTFEM 10 RGN A RIR—3,F
HERSEAFEEN], EEX WIW, WIS, W2W, W2S,
WSS L EREFAFAEN S, 2% BRI 3] i) 45 K W 2R A0l TEA LB
ey, WS AALBRARY) . BEJS . EEES  EAER S Y.
B F B GEMXT T WIW, WIS, W2S fZ 8RR 14 i i {5
=T EMRE, — R LU B B SR R JC LR k) B
HERB G SR EHEmEL,
2.3 T EIRRERET 8] 2 M 1E & 1 MR B2 0 43 4
WL SR T, FEAS [ PR R 6 N
IEE L TR R 1227 FHE R LAY, XA YIA
AR TR B [RDAS ) T A7 22 5. FER AL B KRBT 432 15
25, BUFE 265 FIFRIS . 155 FhigJS . 153 FhERZS . 137 Fif
AL AW, 104 FhEESS . 77 FhERSS . 72 FREEZE . 59 b
P 54 FEIE . 50 RS L 30 RORIRIS . 27 FIEESS
26 i EHMAGY . 9O R EBALEY . 9 Bk ERIA 2).
Horp, EMAEY & REZ M NB 25 (17.04%), Hik
JEMRIE(14.56%) I S A6 G0 (13.12%) . ik 3 H¥y i al
BN R R P BT A A . X M XU A T e ]
A 36 S A U, AR SN i 22 5 O [ R R )
{14135 T 2 A XU AR (] 25

300

@o@%@%@%&%@y@% e
P <*>

)%A

R

P2 ANIRI BRI I ) i 4 KU B A i A 2k
Fig.2 Metabolites of flavor compounds in soy sauce with
different aging times
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Thermal map of volatile compounds in black bean soy sauce
and soybean meal soy sauce with different aging times
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Fig.4 Number and content of key volatile compounds in soy sauce with different aging times
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Table 5 OAV of flavor compounds in 6 kinds of soy sauce samples

T ik HIfEL OAV
/(mg/kg) A-3 A-4 A-5 B-3 B-4 B-5
Mii=R-3- 2 J 3 S5 G R i LN S 0.02 13.20 1839 2092 16.38 19.20 19.63
3-HIETER-2-HK LR Vi i 0.00001 1691584 2469337 16753.84 41073.74 30340.55 47575.35
ZFRXT H B KA. SR 0.025 - - 3.29 17.40 7.03 20.59
IR H i #. g, B 0.011 1.66 241 6.83 428 3.14 19.48
(E)-IREEFR TR 1A, . %‘Ha 0.0007 58.38 69.02 233.13 64.40 54.04 466.20
Z-4-Z IG5 R F iR RE. HHE 0.003 - 411 4.63 3.02 - 11.02
WIMER B Relids . R 0.45 1.17 3.06 - - - -
cLig-2-7K L TR AwR . MeEER . EA . SRR 0.005 1.11 1.77 235 1.62 2.02 226
CR B pis 0.005 1.77 - - - - -
2-HIFE TR T B RE. HHE 0.017 136 1.08 1.80 1.03 1.28 1.53
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