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Analysis of volatile compounds in matsutake soy sauce based on gas chromatography
ion mobility spectrometry

SU Yue, WANG Wanxin, DUAN Cuicui, MA Fumin, LI Xiaolei, LI Dan*

(Key Laboratory of Agricultural Products Processing, Education Department of Jilin Province, Changchun University,
Changchun 130022, China)

Abstract:In this study, the physicochemical indicators, color intensity, sensory and volatile flavor substances of three brands of matsutake soy sauce
(A, B, C) were determined by conventional physicochemical determination methods, gas chromatography ion mobility spectrometry (GC-IMS)
method and electronic nose method. Differential analysis of volatile flavor substances was conducted using principal component analysis (PCA) and
partial least squares analysis (OPLS-DA) methods. Differential volatile flavor substances were screened based on the variable importance projection
(VIP) value >1. The results showed that there was no significant difference in the total acid content among the three types of matsutake soy sauce
(P>0.05), while there were significant differences in the total sugar content and chromatic value (P<<0.05). A total of 49 volatile flavor substances
were detected by GC-IMS. The fingerprint chromatogram showed that the main volatile flavor substances shared by the three types of matsutake soy
sauce were 2,3-pentanedione, n-butyral, tert-butanol, etc., which mainly provided the caramel flavor of the soy sauce. PCA and OPLS-DA could ef-
fectively distinguish three different brands of matsutake soy sauce. Based on VIP value > 1, a total of 16 differentially volatile flavor substances were
screened out. Among them, propylene glycol contributed sweetness, 2-methyltetrahydrofuran-3-one contributed baking aroma, and 2,6-dimethylpyri-
azine contributed umami taste. Sensory evaluation showed that the overall acceptability of brand A soy sauce was the optimal. To sum up, there were
differences in the content of flavor substances and sensory characteristics among the three different brands of matsutake soy sauce.

Key words : matsutake soy sauce; flavor characteristic; volatile flavor substance; GC-IMS; fingerprints; multivariate statistical analysis

¥ ( Tricholoma matsutake (S. Ito & S. Imai) Singer) WA A DL & A B OK AL &R, & & 2

HH [ 0

WRFR AR T ANEEAE T DB R B R L, B
SR A B2 R RRGHE JFAE HHZE7H
PR, R AR S BRVE P9 20 A A e, BB P e T
DX FE T A T B0 T SR A v LAt
F AN X AR R IE SR R W % S AR, 52 AR AR IR
ARAR I SR AR A5 N B AN B R R

75 B #3:2025-03-19 & B H #5 :2025-07-10
EL£MA 5 M8 Rk Z I H AR W98 5 T & (2024C016-1)

TR, B e E R Y, b A& 2y T
J i 1 15%~25% , B H i & A AR LT 8 Fh & 21 | 5
BEHLAR I AN AR & A & 2R, Re
T I AT AL TR B 200 4 O R A I, A B S B g TR Y
YER, M Z UM PR S b 5 &
SR PAE R B 2 A W A AR A R AR B AL

EEBN I H(2001-), & WL WA WF5E T oA B f AR R
HEWAEER A FH1972-) 95 Bk W BT R AR

https://www. cnk1. net



Hh [

2025 Vol.44 No.12
-234- Serial No.406

China Brewing

Application and Technology

LR PO BEETE BRI E el 3, Va2 RTINS
20 B R 5 A, R A ) S RE DR 0 R, R AR E LN
AT A 380 E 2 3 2 | T 0 M e (R VR L R T P AR TR
KW I 2 5 N WA R a5t A% A 8 A% 328, %o 400 i 1 A=
K e S A REE L, WA B E&A —E
SRR L 4k DL R 2R oA # (in 4k KB, B,.C.D
SR FOT R (IR B BE Bk BEAE) ik 2l g At ]
NS T BB SRS A B T AR AR AR
HIIRE,

Tl & 2 E R S RS A R T, BE % I
TR AR A R Y R 1 R ERZ IR
Horb i 6828 53 T LA BUE SR I S WL €4, i B 5L 5
J1o AR TH P X T AR T E 2R,
(GG N E TS sy 3 /i ) | S0 A = (153 31 N = ]
FH TR XU % 356 h R 2 356 3 9 2 M AC VD s T 4 FA
IR AR G /NEE WS AR Oy TRt 22 T T R, AE K T
AR ORER TR AR A XU A T I B R R T R AR
E R R T A T BRI 55 Y DR AR o X A B
I 5% 2 BEAE v e N T T2 D T TR 3 il XU ok 43
(5 BT 0 | DR A 0 BT FL AT 5

AT ARG I3 ot A B i v SRR AN S
>R A 8335 - B 3 #3816 T (gas chromatography-ion
mobility spectrometry , GC-IMS ) % 5 HUAS [R] 473 5 3 3 B i
PR RN S 18 SO 1 R I 2 R DRV 49 T3 1) o 285
it PR O S AT MR KUK W B, Sy s T i Y
HE— BT 5 I K S AL AR
1 5 7HZ®
1.1 A4 5 XA

FAEEEh (At s 5 A B (C) T8 Uk AR 4%
BRI K G /N AR (oidh) A R m s T2
Rt AT bR i S B E ARGB/T 18186—2000¢ Fi it ¥ it )

AL BRIR R 1 KA AR (S pral) . bR
LT AEAL R e Ay A R 7 5 IE M B (C4-C9) « 1l AR T fiE
AR AR A A7 FR S ]

1.2 EL5&E

FlavourSpec® <Al 411525 i #i5 B . T E G.A.S.
5 F) 5 QP2020N X 2 3% - 33 X FH 4% (gas chromatography-
mass spectrometry, GC-MS) \UV-255045 4h 43 Y66 it H
< Shimadzu’A 7 ; DB-WAX UIUAH (4,541 (60 mx0.25 mm,
0.25 wm) ; 3% [E Agilent Technologies /A ] ; PEN3 % {5 # =,
L5 8 Adrsense A ) s CM-5436 10 €531 . H Z<Konica
Minolta’s 7 ; # 2l KA [ i Molecular2s 7
1.3 7
1.3.1 Bk &4 oyl &

HH . 2 HRGB 12456—2021 (12§l % 4 H K bRl 250
e SRR B ) R A ) TR B A s R E 5 RO (LA

https://www. cnk1. net

ERETT) S IR WA ) 8 75 8 UOGEE (y) A
AR, 4B MR (x, mg/mL) A AR A 22 i B o £
2 AR B o R 28 191 )9 5 B2 oM y=0.339 1x+0.165 3, R>=0.995 ,
1.3.2 Bt 54ty 2

JFPETCHPOUNG KAFPRY 58 77 i 1 9 8 R I
ZAL S DOSHRHESCUR  HU/D 1A 58 T Hf L g ) T
FE WA AR LA PR B v P, B 3 U E L* | a* A b {H
BOEBME , a*(H R RO b RR i L3RR,
1.3.3 W F & 041

KA AR TS AL SR, I [ — AR 5 35 2 e ik
U A A BT A TR R TR AR T2 om, B PR A MR
N 13450 65 mLEE & B F 15 mLE O 48 I 5% 3, i
30 min/&5 20 B . B E S BT R FERT (] 150 s, (5 /%R H T
ISR 50 s, IFZEFE]S s, B 5 200 mL/min, & FE 6
PEAT3RAEAT IS, F T S A I 2% i 10442 8 A AL 1L R A%
2N, 25 AL AN BORR P B AT AR 1,

=1 PEN3f& 525 B 5I4F1E
Table 1 PEN3 sensor array characteristics

W51 745 15 I8 24 PERERE A
1 WIC XF 05 7 ISy R
2 W5S X E A A R
3 W3C XK 5 A LAY 2 A
4 W6S S SOR R
5 WsC XF e s 7 A Ao R A
6 WIS it F e 2 A
7 WIiwW X B ALY R B
8 W2S XF R
9 W2wW X35 B BT A PLERAL Y R 5
10 W3S Xif ot Je A

1.3.4 GC-IMS4*#7

i 23 PERE 20 8 B mLAE & T 20 mL i TH 25 R,
] HAp AL g4k #h, 60 CHIAA 10 min, 5 HEAEL 000 pL,
PEREER IR RS °C, M AL 5% 19500 r/min, [ 3 T 28 JEFE A0
HEE4S5 C,

SIS 45 1F . DB-WAXUI {53 4 (60 mx0.25 mmx
0.25 wm) ; 73 B i [8] 40 min; A i - 50 °C; 2SN, (4 =
99.999%) ; 2 S IR i 2 mL/min, £44%7 min, 20 min P £& 4
Tt %10 mL/min, 4455 min; 15 min 287 7 £ 100 mL/min,
f#+55 min,

BPERIEAM. e IEES FHER BB R E
150 mL/min; 2RS4 Nt fi S 00 Viem; BERS A 45 C.,
1.3.5 &g iFm

WG 1045 283 Ll I 255 7% 4%, S48 1A 9 T R R
B ik & i 2l 4: . 2% GB 2717—2018( & ih %2
e [E AR E ) iy s X3RRI (6 F R R



T EES &N

h B BROE

2025 4 55 44 % H 121

M5 406 ] 235

JE RZS BT B2 B AT AT 4% R IAE R B AR A 148,
I 1093 T 535043 o s B IHUECE TR AR v DL R 2,

*2 WMEERREIENRA
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Table 3 Total acid, total sugar content and color parameter of
samples of different brands of matsutake soy sauce
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Fig. 1 GC-IMS three—-dimensional spectra of volatile flavor
substances in three kinds of matsutake soy sauce samples
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Fig. 2 GC-IMS two-dimensional difference spectrogram of volatile
flavor substances in three kinds of matsutake soy sauce samples
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Table 4 Qualitative analysis results of GC-IMS
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Fig. 3 Fingerprint of volatile flavor substances in three kinds of matsutake soy sauce samples
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Fig. 4 Principal component analysis scatter plot of volatile flavor
substances in three kinds of matsutake soy sauce samples
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Fig. 5 Orthogonal partial least squares discriminant analysis scatter
plot (a) and permutation test results (b) and variable
importance in the projection values (c) of volatile aroma
substances in three kinds of matsutake soy sauce samples
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Fig. 6 Electronic nose analysis response values radar map of
volatile flavor substances of three brands of matsutake
soy sauce
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Fig. 7 Sensory evaluation results of three brands of matsutake
soy sauce
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