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Analysis of the changes in volatile flavor components during hypobaric
storage of Tricholoma matsutake using electronic nose combined with
gas chromatography-mass spectrometry

ZHANG Shasha,LUO Xiaoli,CAO Jingjing, HE Rong,ZHANG Weisi”
(Kunming Edible Fungi Institute, All China Federation of Supply and Marketing Cooperatives, Kunming 650223, China)

ABSTRACT By analyzing the changes in volatile flavor components ( VFCs) of Tricholoma mat-
sutake during hypobaric storage using an electronic nose (EN) in combination with headspace solid-
phase microextraction and gas chromatography-mass spectrometry ( HS-SPME-GC-MS) , a novel meth-
od for rapid determination of the freshness of Tricholoma matsutake was established. In total, 76 vola-
tile compounds were detected using GC-MS from Tricholoma matsutake samples, which including 23 al-
cohols, 29 aldehydes, 9 ketones, 5 alkanes, 2 esters, and 8 other compounds. Initially, these com-
pounds were found to be decreased, while these contents were increased in the later stage of storage.
Three distinctive aromas inducing 1-octen-3-ol, 3-octanone and methyl cinnamate of fresh Tricholoma
matsutake were identified. Significant changes in the VFCs were observed on the 15th day of storage,
which was then assigned as the inflection point of freshness. The aroma components of Tricholoma mat-
sutake samples that were subjected to various storage time could be effectively distinguished by EN.
Therefore, EN could rapidly determine the freshness of Tricholoma matsutake during storage. The re-
sults of this study could serve as a theoretical basis for future research on elucidating the mechanisms
and designing the techniques for the storage and preservation of Tricholoma matsutake.

Key words Tricholoma matsutake; electronic nose; GC-MS; volatile flavor components;
hypobaric storage
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A E ( Tricholoma matsutake ) X 24 ¥ o A 1
e — MM A S AW, B AR 4
R U LA 0 B W PR o 55 2 A%, i O R R 2
T DR IR L kT e 5 T R A2 [ P A0
R AAEIE K SRR G B BF R, B AR PR
Sy RRRBR G2 U R B AR E L H A
G

PRI 3k P vy, i I i) 119 S <, XU BR )
Ji R AR, 27 AR R IR SRR SR RAIR (A EERR AR
R VAR 22 7 T B R A Y O B D R B R
e — TR ICT5 G i) W BB, a0 I JRORA T LA SE 2 A
RS R M SE K DR EER R R Y
R L P AR I 7 92 2 R VT RO 3 -
Jii i ( gas chromatography-mass spectrometry, GC-MS)
SEACAR R T AT, BCE VP E AR AE O AR 2 S il
FAEEAR R o AR, Wi T B BORBY A IR 58
ARG, A A SRR B AR A AR PR e 4
K He AR VRSO, B B TR A
E & AR I (B SR e DL 56 T LT BT 5 R R
i J3E A DGR o A SCR T H - S AG T AN [] U G
] B A FE R 5 R ME BT, 045 G A8 G i) GC-MS 4347,
| DRI A T 18 T i R, A A TR O B AL B AU 5 R R i
T7 1 W T 4 Ak BRI AR 4

1 Mp 57

1.1 #Rl5i&&

BN R T AR KIE R AE WA S i, JCH
W TEHLBEAR 7 L RN — B

Vol ¥ R S B ML (JYLO. 1X2A #U) | | g 3% 7K 45
B AT BR 2 B 5 B & (PEN3) , f [ AIRSENSE A
A) (10 MEIREAC R 19 ) B R 28 S P RE iR WL 1)
ABTHR FH AL (6890N/5975) , 36 [ Agilent 2% w5 {5, 3
FE B 7 95 6 40 45 4 (HP-5MS,30 m x 0. 25 mm x
0.25 pm) , EEH Agilent /A w5 E A FE B (75 pm
Carboxen-PDMS, B %) | 3& [# Supelco 2y &) ; T =5 i
(20 mL) ,
1.2 K@ FH*E

WA SK 14 T B P 53 T 141 53 18 S 0y, 0 24 300 g,
BT 2 6HEBWEREESALT, RE7 d B
TTHLF B GC-MS 6 43 #7 o
1.2.1 &F 340 A

FE SR BRI E] 1 s, it [a] 60 s, P8 &I [H] 10 s,
FE S 25 B 18] 5 s, A I 2 B[R] 100 s, 33 3 400
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mL/min, BN 18 ~20 C oy PRk 52 56 %o s 1
FasE M, 1k B kg A R 50 ~ 60 s 1Y B FH T ) 2k
G307, A AR B I E 3 IR
F1 FEERB[ARNOYRMER EREH IR
Table 1 Material type and performance description
represented by sensor
it fi i #
%10 mL/m*

PSR4 R
wic 5 WA

1
2 W5S RGER A EEA PR 1 ml/m’
3 WIW B4 7 i Fifb s, 1 mL/m®
4 w2w FEMG AR BE, ] mL/m?
5 W3C K X35 LAY R 7,10 mL/m?
6 W6S FER AT A R 4%,100 mL/m®
7 W5C Bl 35 Ay P, 1 mL/m?
8 Wis X e R B 52,100 mL/m*
9 W2S X BER — % L%, 100 mL/m®
10 W3S b ke R B 5,10 mL/m?
1.2.2 M= EA#ER

BU1.0 g BEdh T 20 mL TSP 8 T 25 0 ik
BT 80 COK A, F I AR Gl A% Sk BT T s O v gk
AT A IR, ZE U 6] 2 30 ming 22 J5 K 1 AR ol A% B0k A
AR TEBERE TVERE i8] 9 2 min, 2850 (35 50
B e T BT 2 E o
1.2.3 GC-MS £&#%

HERE R 2O 280 C, TRl 25 #F:50 °C (2 min)

5 °C/min 10 °C/min

140 C (1 min) 280 °C (1 min) , %%
Az (99.999% ) L S 1 mL/min, 733 H A
10:1, B4 ELIE, B 7 RER 70 eV, 4T
[# -/ 29 ~350 amu/s,
1.2.4 3547

HL 5 S B 23 7 < SR ] Winmuster 23 8 254 X %
A B 1) B PE 3R 4T 32 %43 43 #r ( principal componenets a-
nalysis, PCA) 21 #) 543 #1 (linear disriminant analy-
sis,LDA) ,,

GC-MS 48 43 #r: R H] Nist14 b 38 4 il Wi-
ley275 Fp 3% EAT KL 2R E 40T o

E AT R bR, DLIE 2B bR, B
YRS 500, E 1 7 50 me/ L AR, #5225 (1) 3F
ARV S &
AR 48/ (g - ¢7) = O X QLR X IR
(1)
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MR 8 U, w1 AT LA Y, E kA A [a]
BRI SE (e 2S5 A5 TR B Z [l AF FE ] e 22 5%, P 5 A
FEARGS 2.3 4 AR IR 25 Y SRRV (R A5 ] 58, b 3 AR
{5 o , AN B SEE T L A 0 e LIRS, HE VA ML AR )
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Fig. 1  Radar map of volatile flavor components of
Tricholoma matsutake during hypobaric storage
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2.1.2 AT 8F & RF R 0E A F e PCA 547
PCA 245 i F B A% 18R 3% BT $2 U 2 A4S ) 75 i (R
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Fig.2  PCA analysis of Tricholoma matsutake during different

storage period based on electronic nose
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2.1.3 AT &FHRE EHEY LS LDA 547
LDA %5 PCA ¥ AH L , 5B 9% {7 [7] — 3% 51 N i 43
A K, BT A B R B (F B 4R A T Y IR T
O M 3 T A T BN (R LK 30 ) A K
LDA ,‘r*fr‘fuﬁ'ﬁ 851 F AL RIS 2 3 o Y BTk
AR Ky 86. T2% 11. 48% , . Tk % g 98. 20% .,
P45 v 4 P AR 3 A 13 X Sk 1k i BE S A, f L
AR 1.8 15 K A4 15 [ B0 A /0N L A B T LS d AR SR
B R PE e R B A AR AL A B i, BLAR 5 15 RS Bk
9522 K OHEKRSE 22 R 5 E R 29 K44 K4 1 7 |)
FEES R, MY RASEAE FL 9K 58 15 R 5 H K 22 K
FASE SRS HE 3B b, Bk 5 22 K Y 3K B oK
55 20 RAYHERME L/ B e A . L i G B X AR
71 KT BRI ELORAS 1 ~ 15 KIS 2 B B 07
B AR L P SEELIR A 15 ~22 RIE 2 E M4 R 7 1)
ARk, EUE, BORES 15 Kk # ST K PR e ok 4 i AR
fh A s, BB € P A5 Ak 19
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Fig.3 LDA analysis of Tricholoma matsutake during

different storage period based on electronic nose

2.2 HAELEEM L2 SPME-GC-MS 4 #f
2.2.1 AFHBEEBTE PRk RS5H

WL EFERAZ R LAY IR BN, M2
P 22 b4 % PR A 20 OF- i 09 B AR R L R 2 T L
A W SR LA Y 1R S R I ok 76 Rk A,
HOBEEY A 23 F B A 29 F G 9 #
BEEiE 5 Fp Vb3l 2 A, A 8 R B ELAKE 1,
8.15.22 .29 K& B91L& 953 5y 42 Fp (48 Fh 53
Ft (56 Flt 56 Fft, Bl 5 LRI [A] ) ZE K, B SEHE R R
JE ) ol % 3% 0
2.2.2 A 3R T R ) AR A Rk R 5 0 T AL
a2

T 15 40 SO SR A S0 e B SR 1 ~8 KE’J{%‘—EE
PEW 0L, KA SE B K EE 1.8 .15 .22 .29 KBS & &
4350 29.94 20.47 4.98 14.36 6.69 ng/g, i 1
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Table 2 Changes of volatile flavor components of Tricholoma matsutake during hypobaric storage

G/ (pg-g™")

Bl UREL BN 73 ¥ B1R R W15 W W20 %

B 3-H k1T CsH,0 — 0.02£0.001 0.11 £0.002 0.39 +0.002 0.18 +0.002
PICIE i CsH,0 — — — 0.22+0.002 0.12 +0.001
e CsH,,0 — 0.04 £0.003 0.06 £0.002 0.23 +0.003  0.14 +0.002
o CeH,,0 0.04 £0.001  0.11£0.002 0.31 £0.005 2.41 £0.073 0.85+0.014
31 B 4 C,oH,0 — — 0.02 £0.001 — —
B C,H,,0 — 0.08 £0.002 — 0.43 £0.004 0.24 +0.009
1-3F 075 -3 - CgH,s0 18.85+£2.347 11.37 £1.205 2.36 +0.068 1.35+0.007 1.28 +0.003
3- CgH ;30 3.91 £0.007 4.23+0.076 0.67 +0.008 2.09 +0.100 1.34 £0.012
2-2,3-1-C B CsHix0 — — — 0.06 £0.002  0.03 +0.001
il C,HgO — 0.03£0.001 0.06 £0.002 0.37 £0.003  0.24 +0.001
2-7,%-1-CL CgH, O 0.07 £0.002 — — 0.06 £0.001 —
2-3F -1 - CgH, O — — — 0.61 £0.002
(Z) 2-3J5-1 - CgH, 0 4.16 £0.125 1.91 £0.088 0.415+£0.004 1.14 £0.007 —
SR CgH,40 2.80 £0.054 2.24+0.048 0.68 +0.037 2.21+0.254 0.91£0.014
3,5,11,15-PY B 3 -1 -+ 7 i s -3 - B CyHypO — — — — 0.12 +0.002

HOm CgH, 0 — — 0.16 £0.002  0.74 £0.004  0.39 +0.001
T CyH,,0 0.03£0.001 0.10£0.002 0.09 £0.001 71 £0.009  0.19 £0.002
| ¢, H,,0 0.04 £0.001 — — — -
+ CiHy O — 0.21 £0.001 — — —
1-+ = pe i CsoHsy N5 O3S - - 0.3 £0.004 -
s AE Cy5Hy O — 0.07 £0.002 — 1.61 £0.053 0.05 +0.001
NG =P R ZE AR C,H,,0 0.04 +0.001 .06 £0.003  0.04 +0.001 — —
(Z)-3-T- M -1 - CoHy50 — — — 0.04 £0.001 —

AN (23 Fl) 29.94 £2.539 20.47 +1.434 4.98 £0.133 14.36 £0.529 6.69 =0.067

B 3-HIE-TRE C5H,,0 0.07 £0.002 0.31£0.005 0.68 £0.017 0.22 £0.002 0.56 +0.012
2-F TR CsH,, 0 — 0.11£0.001 0.28 £0.018 0.11 £0.001  0.21 +0.002
ais CsH,, 0 0.03£0.001 0.08£0.003 0.16 £0.002 0.20 +0.010 0.21 £0.007
(E) 2130 CeHyy O — 0.04+£0.002 0.21 £0.018 — —
2-W RE-2-T M e CsHgO — 0.03 +£0.001 — — 0.02 +0.002
3-H 2T C5Hg 0 - 0.01£0.002 0.04 £0.001  0.06 +0.004 —
(SN CeH,, 0 0.26 £0.002 0.86 £0.650 2.32+0.128 2.08 £0.136 3.03 =0.401
B C5H,0, 0.13£0.002 2.24+0.085 6.38+1.755 0.09+0.002 4.32+0.358
(E)-2-C 0 CeH,, 0 0.02+0.001 0.08£0.001 0.21 £0.003 0.06 £0.002 0.10 =0.002
FE C,H,,0 0.03£0.002 0.08£0.002 0.19£0.002 0.14 £0.001 0.16 £0.002
3-F i 5 T CH,,S0 0.05+0.001 0.19£0.003 0.16 £0.002 0.28 +0.006 0.15 =0.050
(Z)-2-Felds s C,H,0 — 0.23£0.002 0.42 £0.017 0.39 £0.031 0.61 +0.056
o C,H0 0.70 £0.009 1.33£0.012 2.83 £0.510 3.37 +0.460 3.32 +0.457
S CgH, O 0.27 £0.002 0.77 £0.004 0.77 £0.007 0.46 £0.005 0.68 +0.079
(E,E)-2 ,4-FF i C,H,,0 0.07 £0.002 0.14 £0.003 0.13 £0.001 — 0.06 £0.016
# 7 CgHg O 0.56 £0.003 2.02£0.355 2.91 £0.413 2.03 £0.257 2.67 =0.137
(E)2- 4 CgH,,0 2.45+0.015 3.67+0.713 4.46 £0.072 6.10+0.528 9.84 +1.003
T CoH O 0.33+0.018 0.86+0.059 1.58£0.102 1.30+0.114 1.28 £0.107
(E,E)-2,4-3 —Jf CgH,,0 0.03 +0.001 — 0.05+0.002 0.05+0.005 0.08 +0.009
2 - 35 TR 0 T CoHg O 0.12£0.002 0.68 £0.015 0.37 £0.002 0.07 +0.001  0.24 +0.005
(E) 2-T-J s CoH,s0 0.21£0.005 0.64+0.008 0.90£0.015 0.57 £0.009 0.71 +0.121
2% C1pHyO 0.05+0.001 0.07£0.002 0.11 £0.001 0.14 £0.001 0.12 +0.001
2. 4-T T JiE CoH ;g0 0.13£0.004 0.46 £0.001 0.78 £0.002 0.37 +0.004 0.93 =0.003
(E)2-Z$ I s CoH,50 0.20 £0.006 0.71£0.003 1.68 £0.012 0.70 £0.012 1.08 +0.011
RN €, Hy,O — — 0.05+0.003 0.07 £0.002 0.05 +0.001
(E,E)-2,4-3% —JF&E CoH,40 — 0.96 £0.012 2.52+0.332 1.69 +0.102 2.05 +0.315
2 4-3% TR C,oH, 0 0.21 £0.002 — — — —
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g2
, . . g/ (pg-g™")
Z 5 AR 43 ¥ B1R R B s R W 20 %
2-JE — Rl O T Gy, H,0 0.17 £0.001  0.50 £0.055 1.42+0.079 0.68 £0.012 1.35 £0.021
B CgH4N, 0, — 0.04 £0.002 — — 0.02 £0.001
N (29 i) 6.09£0.082 16.11 £2.001 31.61 £3.514 21.23 +1.707 33.85 +3.179
[LIES 3-FRHE-2- 25 [l C4H;0, — — — 1.54 £0.128  0.08 +0.002
2- P il C;H,0 — — — 0.06 +0.001 —
1-(2-M I 3 ) - 2, il C,Hy 0, — — 0.12 +0.006 — 0.04 £0.001
2(5H) -k I i C,H,0, 0.12£0.005 0.04 £0.009 0.13 £0.002 0.15£0.003 0.27 £0.016
2,5-Jf # C,H,,0, — — 0.07 £0.005 0.10 £0.002  0.06 +0.001
3-Jak CgH, O 6.66 +1.157 7.04+1.952 7.08 +1.013 2.47 +0.113 1.31 £0.359
2-T- il CyH 30 — 0.02 £0.002 — 0.37 £0.013  0.07 +0.001
2- S8 — %5 1) C Hy,0 — 0.37+0.012 0.72+0.013 0.99 £0.029 1.15+0.019
2. =i Cy3Hy O — — — 0.08 £0.003 —
AN (9 Fif) 6.78 £1.162 7.47+1.975 8.12+1.026 5.76 +0.292 2.98 +0.399
ot 25 3-8 M CgH g 0.02 +0.001 — — — —
2% Co Hg 0.05+0.002 0.06+0.003 0.04£0.002 0.06 £0.001 0.07 +0.001
M= Cy3Hyg 0.03 £0.001 — — — —
Y Cy Hy, 0.14£0.010  0.10£0.012 0.06 £0.003 0.16 £0.011  0.21 +0.021
BT C,sHy, 0.06 £0.001 0.08 £0.004 0.06 £0.002 0.15£0.013  0.05 +0.001
N (5 Fi) 0.30 £0.015 0.24 £0.019 0.16 £0.007 0.37 £0.025 0.33 +0.023
ik 2% 1A R W R CoH,0, 5.18+1.591 0.18 £0.001 0.16 +0.002 0.15+0.002 0.14 +0.001
(E,Z)-2,4-55 41 45 % W g Gy Hig0, 0.10 £0.001 — — — _
AN (2 Ff) 5.27+1.592  0.18 £0.001 0.16 +0.002 0.15+0.002 0.14 £0.001
HAbZe  2,5-FE H 3Lk CeHgO — — 0.02 +0.001 — —
2- 24 Wk CeHgO — — 0.04 £0.001 — —
[ANEE TR C,H¢S, — — 0.05 £0.001 — —
2-1F 2 3wk I CsH,,0 — — — .06 £0.002 —
27 H -1 I CoH,, 0 0.29 £0.002 0.34 £0.007 0.93 £0.004 0.99 £0.053 0.90 +0.012
2-2,3-B CgH,c0, — — 0.06 £0.002 — 0.56 +0.001
vy CgH,0, — — 0.08 +0.002 — 0.25 £0.010
2,6,10,14-P0 H 3 -FELoS b Gy Hy, CINgOg P — — — 0.06 £0.002 —
INF (8 Fifr) 0.29£0.002 0.34 £0.007 1.07 £0.011 1.11 £0.057 1.71 £0.023
Bt (76 Fi) 48.67 +5.392 44.81 +5.437 46.1+4.693 42.98 +2.612 45.7 +3.692
=" RN AR
IS ] (14 HE G B2 W) o & B 5 SR RS B T R AR BRI G A AL A R I T A R A 5
[ B, R Bl HE U8 26 15 K 2 A T B SIS 4 P XL R M MR R A a%ﬁ,
DR o A8 A 45 o BESR W BRI IR DT R 28 g i 4 AR (AR O B AR, 5 HC Al ) Jo A AR i 17 XU
b Tt Al T BT SR o B S B R LA e K BN . C5-CO RIBEK A NG D7 S 10 A0 I i, HA
Wk R 7 VR R R B, £ KU Je AR o S My R AE M T R I R A0 e AT 1S
S AN B 3 (E 2 B P RS TR R B 4 R SR A KEFFE R A 15 ~22 R BRI G, £
o 0 T g X R AR R R R R AR, XL PR IS 15 K% P T 2 1 XU 8 5372 1
R HL AR R R B R R (I M4 o Horh B B TCUR A AR S8y (E) -2-18046

1K 29.94 pe/g), AT DN B BB R BE K
N LD -3 - 3-U R | (Z) 2-Da00 -1 - e, AT
JE T BN B AR A [ U J6 401 1) <R A7 7 22 57 1 3 2

2 TR FLAT WA A B 25 UK 3l I A © B 2 e 1 -

Vol U -3 -, G R — R B R 1 4R Ak W B R i
Pt S 1 R ARl 18,85 we/g, TR AS 29

L. 28 we/g, 3% AT RE S A O IR 3] 8] 7K 73

TS 7 T O 30 1) 5 S ) A, IR 1
KA 2.45 we/g, W e 29 Kik%F] 9.84 wg/g.

i 26 FL AT #E7 FEE e R A, EL B e e 496 4 52 B
R AR SR IR 1 R AR
th 2 PR S T A 29 RIUAG I Y 7 FhERSE , AT RE 2 h
T A Y A SRR R 7 R R A | R R A i |
(9 RS B AR BRI R A 1~ 15 R
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B TF g fa s 5515 ~22 RERRIT MMk, — B f
IRV REER 15 TS24 T 2 4 T M XU i 4322 b
(R 303 1 o AFLR i R O 3 ) Xof 8 T 42 e XL
S ) 358 K ) T 288 2 3 - ], LA o 57 DA SRS 1 R
) 6.66 wg/g TREFIHL 29 K 1.31 pg/g.

R A I O /A= M1 W7 SRR /= 8 5
S S0 [ G 10 3] £ T 24 4 Jo P S AR /D (FLR TR R R Y T
AHXT 7 S B, DRI A 1 R 5. 18 pg/g, 55 8 K
NGRS R R LB 29 KAV 0. 14 png/g.

B — 2 A LUFE W 5 0 5 i v 2 A U 2 2- 1
Gy-1-TEE 3,5,11,15-P4 B 431 75 i ds -3 -1 1+
ZhElEE L (Z)3-T M -1-BE 3-8 43 2-T R L 2- B L 2-
S 2-2 4 -1- O B S A 5 B EE T AT RE
Z /BRSPS e iy 5 I BT R ISR 15 K
Ja , FARBESS (S T 28 W AR Ak 4 A AR 1S
Fe, V0 DR I 3G 1 45 15 R 0 T KUK B Jot A 4 78
UAIET =

3 i
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