FOE R e R

Journal of Chinese Institute of Food Science and Technology

B2 HI12M
2024 4 12 A

Vol. 24 No. 12
Dec. 2 02 4

AR R E R Sz P IELZ R VR GC-IMS 71
ko, B R, E&A, REM, B\ F,OH w2
(mhRERFLRBHAFHRKER £ 650201
PRBRIRBRFTRITASHAMNAFTRIEZMT TS U 650201
SEHAEBLRR R AR TEFL TS LY 650201)

WE RAAMEE-F T LB (CC-IMS)H AR 5 A1 W4 77 Bl e SR JE T 89 $FAZ Ak A= 09 8 L Ak i o, 8 R AR K
25,4,-18 °C 3 ANBJLIE R A A A= P JoAb b 54 AP LM KR AL &4, 468 K 16 AF B 15 AF B 11 AF BAE 7 4,
BRE 2AF bk K 2 AP vk K 1 AP, BAE BRI R R P BE R B KA SRS L AORBE R AR RE R
ko R AR A F R D3 ANEE T A b AR B Rk B E S5 b 25 Col A 0 Rk TAC R B AL, E R oA
B ASE 3 AT R il iE GC-IMS AR T A8 4F 3 K 4 R B e 3R JE e A= e ok, 5t K T GC-IMS H AR ZE £ T 7
) 0 S8R L TF A% A AR M Rk Ay 0 A8 S T AL A By ik R BB T I SR AR RS AR A T AL B AR AR B AR

FXWRBFRGRA S EREFNRBET 2F,

XKEW AMMEE-BTEHHE(CC-IMS); Bi; H®R; BEARRADR; ERH

XEHE  1009-7848(2024)12-0299-14

FEM It U R IR SR 2 — | [m] 2 v [
B LTI, ZEE P ERER X Z —,
Z2 AR AL 7 i R RIAR T FRER AL 4 E A, A%
Bews & N8 7 EE A 2 R IR SO PR o RE
% 5% fif% R P 225 559, A Bl ko 1012 0, T AE AR
N A LT 8o B 0L 9 0 5 T AT — A )
R ELAR B e B T R R AL S A% Bk R R
BRI 52 B AR 22 T8 2 & i bk, AR, HOR 5
£ VE 6 ] Jt , PEAR KRR BE b R 1 i A% Bk 1) T8
w"iy.,

A2 AR 1 IXUIAS oty BT A 2 B 3 e R 1) 2 N
R, [ R A%k o BT AR Ak 1 22 A b A T
F% N KRR R 5 AT WF 5T, 4N Kalogiouri 555z
F HS-SPME-GC-MS ARG I AZ Bk , 4 5 1
A1 R AE IR BT, JFTE I AR Al b S R
SEI TG GEAL AR AE HLAZ BRI B X 3, Jing S5

Wi B, 2023-12-29

EE&TH: amA RIS LHE 15 H (202101BD070001
—080); = a4 T AT 7=l AR 44N A 5
H (YNWR-CYJS-2020-010) ; 4 i 4 A 3 7 4t
S0 2 IF R A (S2021KFKT-08) 5 = B 44
KBHE % T (202102AE090027-2)

E—1EE . ALY B

BIE1EE . M52 E-mail: 875316158@qq.com

DOI: 10.16429/j.1009-7848.2024.12.027

iz | HS-SPME-GC-MS i A ZFAF fin T4 8k Y
PERAMERIR Y T, AR R ARl il 14 Fh i &
Y, AR R ik R I 2] 28 R A4 . 2= BT
A GC-IMS $ A, % 5 i ik 7 1 7 & 1 IR
R T A TR I, L R M B A 32 Sk R TR B
R 2 . AZ BRI 8 0 ) 11 o S5 45 7% 5 L LR
HH G LI I 78 45 1 1) A8 A LUK 25 A k. Bl
BT IR VT A B A R AR 22 S I g 2

SHE T IE R (GC-IMS) AR &L 4E ok )
2 R S KR BT R RS, 5 GC-MS $ARAH
P, HEA o R D e 1 S R R TR B T T
A2 7R B RE SRR B AT ST & T KU ) R A
P KO0 H T, GC-IMS $ AR E T £ 440
B, A A A KU A ), 7K SR 3 AR A
S A4 R M B A3 A At ] TN Ak B AR X
DAy S5 T ) 5, DTG A 5 ) a2 488
i PN PR AE—E 2% . 40 Zhou M2 F GC-
IMS 2 AR5 45 X I aod A v iy KUk AR Ak, & B
THUHE TR 2802 X0 XU T B DG S 2, O
T R R AR Ak i R v A B XU B TR, Zhao
20552 ] GC—IMS 454 PCA A% A o £ 7 i it 7
H I RUBRAS A, 25 S K B GC-IMS fil PCA 41L&
AL DL £ P RUBR B 0 1) 25 5, SX BB SR
GC-IMS A T 2 37 A kAT aok 2 o XUk A2 £k



300 hoE g

ol

2024 R 124

BB, T (PCA) 2 — M BE T 2 4 it
(R 7 3% | ARE 2 A HR ARG 5 2SR A TR R,
FH 42 BURRAE S 3 7R A8 B B (W O &, 1T 5 GC-IMS
FARANLE BV S R 22 57

AWFFE R GC-IMS 454 PCA I A [7] 3
JIE S 1) B AR A I R M R ) T, BT 2
S VI S A X i I3 45 78 A R

1 MRERE
1.1 MREHmaE

AR LU EEAZ A iR 4, AR T
A KRBT SR B, SRRk, IR — it
UCRMWUR R #1250 3 L0 % B R/N — o
HFE TR U 5 i Rk TR

FHME G 595 e | e BRI #4815 218 fif
BtA o Pk b i Bk IR 51 )5 6 A PE ¥8 &
48, BAE L (200.045.0) g, iF AT HL25 48 W A A 4r
Je BR300, T E R (25 C)
B (4 °C) VR (-18 °C) Zx A T I, 7ERARAI:
F A A, 43 BT R AT (B 10 K)o (58 30
K)Ja (5 60 K )3 A B BOW A R IE 58 5% 4R T 1Y
FEBRA 5 R M RR A S AT R I, ¥2 e T I
FECHT  rf S R AR A I 4R o LC-Q \LC—
Z LC—H; ¥ VR0 TICHr 5 A 0, 45 o A
M5 K LD-Q LD-Z LD-H; =540 TV ai .
ORI CFE IR R ), R R T G R
CW-Q.CW-Z,
1.2 NE5EH

FlavourSpec® KUK 43 BT AL | AR (418 — 5 11T
FE K AL (GC=IMS) , 1L ZR ¥ RE R 22 AL 25 A BRA
A %A MXT-5, 3% [ RESTEK A,
1.3 SHEBE-BEFIEBKIL(GC-IMS) &4

SO TS A TS SRR R A 3.5 ¢ BE A
BE{RESL 80 CHEE 15 min Jo HEEE, L 85 CHERE
EFFD N, 2 0ERE 500 L (AR .60 °C; %%
KN, ¥t i# :0~2 min,2 mL/min.2~20 min,2~100
ml./min,

B R G AR  BEAS AR R 150 mL/min,
EREERKIE 10 em, BN H K 400 Viem,

P2 R RUBR AL A 0 19 o 1 8 3 ) [ GC-IMS
JZ T B 4 B R B (RT) FHEE RS 16 50 (D) SR iff o

1.4 HIESH

kM GC-IMS ¥ &% it £ 1) VOCal \Reporter ,
Gallery Plo 3 Ui 11, H 41 Or B 45 %5 (RD) A £
F8 40 (D) 5 R B P9 B NIST 08 12 1 IMS
s X W) Bt AT M M e A, el =4
I AR R T 22 S5 ik 1R 48 SRS R e i 4B R
SRR B L5 R 4 0 1 FRLE — Ah vk 3R A5 25 15 & 1 XL
A 4 J5 1 R G 5 5 R Origin 2018 5 VOCal 22
PR B EAT AR & i . RS EI 2l R
SIMCA 14 5 VOCal & 14 fir 15 0 £ 48 17 A5 L1
530 A0 22 S AR P T L

2 ZBR55W
21 SHEBIE-BFIEBIL(GC-IMS)HH

R AE WA B b XUBR B A3 % 2B 3 52 24 1
Asfl, 1Rt GC-IMS B A A | i EE Rt
1) A2 B A 4 2 e XU 0 I 2 A ARG D 45 31 1
=R E X R IR R] Y R R L R
a7 R e B 3k (81 v i R — A Ak —
k&Y, —Mib WA 23R R
TREl 2 TR, 45 % 1 IRV B I ) 5 o o T 1Y)
TR, B IR R R IZY R ) & s, o8 T
UL AR UL S i R A5 4 A B A KU A AR
£k, K 3D Pl Fa BRI R IS 300 R0 G I B R A T H A
BT AT, N )3 T T A A Bk A 4 & 1 XL
ORI 3D P35 e LA ik (A AR DX 4 | 55 B i — 2D Ak
PRl e R SR AT L DA AR S R
V) 2 e DR ) o 1) 2 57

P 2 S AN [R) 3 B 5 A A% B 4 3D 5% fr £
() 4P, ] LA 25 5 LB R [ I i 2% AF T i A%
BRAT A A M XUBR W 5 22 5 o D9 Isg 300 L S5 =X LA
4 CHyxf B 4k (5 e AT 4K 1R 75 3 25 S0k
P Rk Hr 2 R T EL T R B R )
M5 T 5 35 R IR E (& 3 i a X)),
LI FRR R R (IR 3 v b X)), B R, 16
WF iR B A, i o T G sF ) F) E K, 3 4
TR MR PR AR ) A AE T 22 S,
22 5 0] RE S kA 0 AR T B B I B e 45 LR Ak
L R o R — A B R AS T) R I %o A
A7 R DRV 0 J ) S ) T AR D S 7 4 2 1 XL
ORI BT M



5504 % 55 12 W B e R 6 SEAZ AR P A A AL 9 GC-IMS 447 301

LC-Ql LC-Z1 LC-H1

R ]
. ) . Drift time
A-2 Lzl LIEE] 3 Sl ¢« B2 LD-Q! LD-Z1 LD-HI
S
>
@ &
= ¢ &
e %
AL ] &
Drift time >

Drift time

CW-QI CW-Z1

: P - F &

FRS 1] & RS 1} 7] &
&
Drift time Drift time >

A= AT A2 I ) A3 RS ), B—1 IRCIR 4 °C B2 PTG —18 °C B3 IR JE 25 °C,
B1 #ZR{CHhELZEDR=EEE

Fig.1 Three—dimensional map of volatile substances in walnut kernels
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Fig.2 Two-dimensional map of volatile substances in walnut kernels
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Fig.3 Comparison of volatile substances in walnut kernels
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Fig.4 Qualitative characterization of volatile flavor substances in walnut kernel by GC-IMS
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Table 1 Volatile flavor substances of walnut kernel at different storage temperatures
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Fig.5 Volatile components fingerprint of walnut kernel
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Fig.7 Similarity analysis of volatile organic compounds in walnut kernel at different storage temperatures
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Abstract The volatile flavor components of fresh walnut kernels stored at different temperatures were analyzed and com-
pared by gas chromatography—ion mobility spectrometry (GC-IMS). The results showed that 54 volatile flavor compounds
were detected from walnut kernels stored at 25, 4 and-18 °C, including 16 esters, 15 aldehydes, 11 alcohols, 7 ke-
tones, 2 acids, 2 pyrazines and 1 furan. The relative contents of alcohols and esters in the volatile flavor substances of
walnut kernel were higher, followed by aldehydes, ketones and acids, and the relative contents of pyrazines and furans
were the least. There were differences in the volatile flavor substances of walnut kernel at three temperatures, among
which the flavor of walnut kernel at 25 C changed most dramatically. Principal component analysis and Euclidean dis-
tance analysis showed that GC-IMS technology could better distinguish the flavor of walnut kernels at different storage
temperatures. Conclusion: Based on GC-IMS technology, the fingerprint of volatile flavor substances of walnut kernels at
different storage temperatures was established, and the profile of volatile organic compounds of walnut kernels stored at
different temperatures was visually outlined, which provided a reference for the selection of walnut storage methods and
the evaluation of walnut kernel deterioration degree.

Keywords gas chromatography—ion migration spectrometry (GC-IMS); storage; walnut quality; volatile flavor substances;

principal component



