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ABSTRACT: Objective To analyze the differences in aroma components between wheat and crushed wheat.
Methods Headspace solid-phase microextraction (HS-SPME) combined with electronic nose (E-nose) and gas
chromatography-mass spectrometry (GC-MS) was used to analyze the aroma components of wheat and crushed
wheat. Differential volatiles between wheat and crushed wheat was digged through multivariate statistical analysis by
orthogonal partial least squares-discriminate analysis (OPLS-DA). Results There was significant difference in the

aroma components between wheat and crushed wheat. Overall, the response intensity of wheat volatiles was higher
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than that of crushed wheat, and some aroma values were lost after wheat became crushed wheat, oxidative molecules

and aromatic compounds significantly decreased, fatty acid compounds showed no significant changes, and the

response values of ketone and amine compounds were relatively close. A total of 42 compounds were identified

through GC-MS, and 10 kinds of volatile components were detected in both wheat and crushed wheat. There were

more alkane compounds in wheat and crushed wheat, and the main volatiles in wheat were limonene, pentadecene,

and nonanal; styrene, limonene, and m-ethyltoluene were the main volatiles of crushed wheat. Based on the volatile

components of wheat and crushed wheat, the OPLS-DA evaluation model was established, and a total of 7 differential

volatiles were screened to distinguish wheat quality. Conclusion

The method is successfully established to

distinguish between wheat and crushed wheat, and analyzed the differences in aroma components between wheat and

crushed wheat, provides a scientific basis for wheat quality discrimination.

KEY WORDS: wheat; crushed wheat; electronic nose; gas chromatography-mass spectrometry; wvolatiles;

orthogonal partial least squares-discriminate analysis

0 31 =

B FE S AW, R el s, A
J AR e B e Ok S | e AT SR, O T KRR
PR GE R, NEE N REREEN ERZ—, MUEEH
T EEEIRNED, mHEA R R A E SR
INFE A SRMGE S R R B B, RS TR BRI TR
LN L, BEAME SRR — RV S, /)N
FAPRLIN TERE MR A AN /NE BRI EESH, — IR
FRRR A S B KR R R AR 5 — T e S A 4 2
BTN S 52 R R E A RO BT AR R Y, e
R TR R, Hm A 0 B R AR NE
AR DRI ST X N R R AR U A T,
IR A 9 T

ARG I F A DR R | A C AR G £
SFURAR R TR TN RSN B I A SRR
LTRSS SR I A5 L, A [EAH AR BB AR o] LI4E
BAERYIRREE . Wedi . AEETR)Y, BARAERME, &
VL R fEE . R R T AR
Pz R AU R TR S A & A A, B —E
FEJE b2y R b il i 25 A8 07, S 48 SR ) v W v, O R
MR PRI N S, T S B AR B R 5,
B B B SRR R AT T B A R S RE A TR0, e
ZA5 S R G ek o AR S, BRI R [l SORG T
PRGNS R T PR S U /N G A BR U, R R AR
BYIER T BO3E SR 5t T LA i T B R AR, MR
TERY SR BRI N IR AR ZE, BN [E] &SR 2k
TR Ay o AR o RS ot i 10 PR ASCH o SOAH 6 35 BRI T 3, #h
SRR N R T W e SR N S B e
MATTIOLO Z5PUEE5E % $ AT LA ok FLAACHE 52 Wy 20 73 M 1)
INZZRFRL AP, WAL 2R IR b P AR s | R AR
EARMRAH A E /N TSR EARIE 2 N kR

S SR T B TR AR SE TN R IS
AR OI AR 2, (EIEIE 3 R W 4 o i b /N S RE A 1)

ST TERL S Oy TR/ INZE TR il AN B 9 ) ) X AL
ACBISERE T 102 [ AR (26 IR 5 5 L 5 5 UM (- B
IEILRRAT /N SR A P R A T 2257, /N I
oot SO 14 40 310 LK R O T 52 T o ol 9 26 7 i AR A3 ] S )
Bher AR i o

1 MRERE

1.1 MRS

INFZ(FRFZE 336, R 6 ).

F (5o, 8 B AR AR F A BRA F]); CyCao IE
PR (1000 pg/mL, 35 Sigma A7),
1.2 LT

FOX3000 %Y W 5 (3% B BT /R 3 3 37 & d) );
7890A-5795C BUSAR (% BTG I X . DB-5MS 185 4
BFE(30 mx0.25 mm, 0.25 um)(3E E S /A 7)); Discovery
VA2 B F BT R B 5X-375X, fE[E R /R e
HRRATE; 01-3AS 7 B PG KU TR AH ( i IR R R 4
J7); AR-204 BIHL 573 Hr RF-(RSHEE 0.1 mg, #riLAAFTEAL
WA RAT]);, = CIREEIR/AFi/R H JRaE E
(divinylbenzene/carboxen/polydimethylsiloxane, DVB/CAR/
PDM S4B ZEBCEL (42 JEE 30/50 um, 25 Sigma A FR
2l
1.3 XWHE
1.3.1 Hmara®

¥hER 20 BRTGF 2R IRG BRI ERE ML
VIR ARG . WRZEAPRIRIG: FREL—E i)/ N, BT AE
BPUBEE 10 s, BA— KB B T-20°CURFHIR . R
HL A BT T HERRFR I INGE L 1R 22 4% 2.5 g, A3l CA 20 mL
T004 S REIR T2 3T ISR /INZE R 22 A4 K A4k 24 12,



55124

Fal, TG QI -BUERA R/ N G R A O 22 5% 17

132 ©FHE2FEL

HLF SR TS A Sl FERR Y, A shEURE 2R 9 7 1k
IREE, 30°C; WEE WIS 1200 s; HFHET K 500 i/s; 1
PR, 250 r/min; FFEEETE A 99 s; FEATER bk 2 min H
T ENNS T RAEFFLENTE, 1 min; A1 s, <
S 5 mL, BREE, 2.5 mL/s; SRAERTE] 1080 s, Uit
150 mL/min>, 7 EpERENL K 1.

#*1 BFEARSBIENSEE

Table 1 Electronic nose sensor detection ranges

G R o 70

1 LY2/LG A, AELEY, fiasT
2 LY2/G R, M, BRI

3 LY2/AA s

4 LY2/GH Rillies

5 LY2/gCTL itk a

6 LY2/gCT ke, The, LB

7 T30/1 AIULEY, WMEEY), JA
8 P10/1 (SES

9 P10/2 ke, e, Bl

10 P40/1 WL, "o+

11 T70/2 HEED

12 PA/2 et

133 ME EARMERE S A G RIEEA F I A0
(D)TRLzs [EI A AL T A SR P % e
HEBCLWSELE 250°CE4L 20 min, SRJ5AE 30°CK IG5

TP 20 min, RS 57328-U, 30/50 pum PDMS/

CAR/DVB ZFEAIEKL T A A 4 h WA/ N FIRE A4 1)
Q)SAM TG A S 0k E
A €T TR I AR BB IERE DR 250°C, &

SOREA, RAARSRIESE, SR E | mL/min, #EiF

FECRAT S mine FHERE T EVITLN 45°C, 7FF 5 min, LI

5°C/min [ F+ 250°C, 7E 250°C#F5 5 min, M3l fALETT

51 min®!, GC Al MS 32 M 280°C, MS L T-AERE

70 eV, BETFIREE 230°C, DU 150°C, RA G4

Jia, iy 35~550 JEF LA, $AHIEE 3.15 scan/sec.

1.4 HiELIE
141 &FEHBELE

FHLF 5k SOFT V12, 43 $idis kb1 T AR 5l R A 2 1 52
IS B8 4E 3] Microsoft Excel 2019, & 6 417355
¥I{H, >R Origin 2019 H (1 75 b T R T ik 8 s &
T, RAENE | TR R Y LSRN/ INAZ R 22 b 3
21 5 & Wy 5 R E AT 32 43 43 BT (principal component
analysis, PCA), H#/NESEERHERYINFMIE2ES,
1.42 GC-MS #4432

AR BB FH (Y MSD Chemistry Station _I./F
R AR B W R AR B EA T, SEREVCHELEE KT 80 %K

&, Kb E¥AFR . CAS 5 | (R B H}A] (retention time, RT)
Ak 4 14 1 FH (Area) I A 3| Microsoft Excel 2019, VL
NIST & EHRIEHITEE, 456 ConCso IHHEIRATEEL
5 NIST Chemistry Web Book #17ELXT, #fiEtb&9115 8.,
SR P 0 T B — AR 3k BT A A R T R, A
SIMCA-14.1 B 4% &b 21 3K 4 3F 47 1F 28 i 5% /> — 3 ik

(orthogonal partial least squares-discriminant analysis,

OPLS-DA)EA TR /34T, Wi /N 22 55 W 22 RAiE A% A W)
2 HREHR

2.1 BTFEHEREYEESR

Sy T N E W W 3N S E ST
225, KA IRIELE REX HE U T RIE(E 1), /N R
FZFIRROEIETCIRAR, FeH o F A B2 2
A, FTLUE PSR RN N i . N TR
YT HFLER 12 ML AR B R K- RIIA—5, F 2
X PA/2. T70/2. P40/1. P10/2. P10/1., T30/1 f&IEEAFAE
Wil K7, A 2 (5 R WS Bk B A 5B E Y .
AT IRIITR . RIS G, ik B/NEE
XFT PA/2. T70/2. P40/1. P10/2, P10/1. T30/1 & /%asHy
Wil 7 A8 8 T de, — @R LU/ LU 2 7 A S
BHAR . /NFE LM AR RS SR, BT AL AR P4O/L
T70/2 Wi W AE 35 T R, FRWI/INE 2R As i 22 5 4 AL
o HEREGY RERER; P10/2 A58 A AR LA
K, RN EY BN R, 5E EiRaHNE
R PR 2 S AEAE— B AR A SR .
—u—/NF

—e—pgk

——Z5 ]

LY2/G

T70/2 ’ LY2/AA

P40/1 LY2/GH

P10/2 LY2/gCTL

LY2/gCT

T30/1

BT NGRS A S s S i
Fig.l E-nose radar fingerprint analysis of volatile compounds
in wheat and crushed wheat
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Table 2 Qualitative results of the relative content of volatiles in wheat and crushed wheat

‘ AEXT B i
%51 i WEM 2R RI 2 RT/min —
INAE W
1 24- =W b 813 CsHyg 5.847 0.42+0.02 x
2 Rkt 830 CHy, 6.348 0.30+0.46 x
3 F IR 958 CoH g 10.948 0.30+0.21 x
4 %t 886 CoHay 11.809 1.53+0.79 1.38+0.09
5 1E T3 b 998 CoH g 12.796 x x
6 b 900 CoHy, 12.862 x 4.14+0.26
7 2,6- " L2 e 1095 C1,Hy 16.054 x 0.64+0.36
8 + ke 1100 C1Hy, 16.224 2.23+0.28 4.53+0.77
9 3,8- L2 e 1131 CiHye 17.209 x 2.40+0.29
Jr 2k 10 + 1200 C,Hy 19.385 1.5140.56 6.82+0.62
11 3.4-THIEE-1-%8 0t 1235 C,Hy, 20.376 1.60+0.53 x
12 IE SR b 1294 C1Hy, 22.06 x 0.14+0.25*
13 + =k 1300 C3Hyg 22.236 1.25+0.45 2.07+0.31
14 + ke 1400 C4Hs 24.991 2.55+0.10 2.62+0.44
15 Tk 1500 CisHs, 27.467 5.68+0.14 1.44+0.16
16 RVAY 1600 CiHs, 29.927 4.54+0.16 x
17 RWIRSH 1836 C9Hyo 35.85 x 1.44+1.70
18 3-HET 1850 CyoHy, 36.417 x 1.27£0.32
19 B ST 2100 CyHy, 40.186 x 0.43+0.01




5128 Zm L, A TR TR SR AR TSR N S E AR RN 2R 19
=24
) , AHX 5
25 ' G5 RI Vi e RT/min —
INZE W
20 2-F 1300 669 Ce¢Hyp 5.186 1.97+0.13 x
21 EC 699 CeHy, 5.485 0.21+0.20 x
IR 22 KN 835 CsHg 8.068 x 16.67+1.99
23 Frig i 995 CioHys 12.62 29.09+1.11 12.27+1.35
24 T+ HE 1437 Ci5Hso 25.895 15.78+0.48 6.07+0.64
_— 25 EC B 860 C¢H,,0 7.185 2.76+0.20 x
26 1= 1340 C1H,,0 23.348 0.29+0.18 x
27 PRl 747 C;H,,0 4.971 x 2.10+0.47
28 K 861 CsH;0 9.994 x 0.43+0.04
. 29 o P 944 C,HsO 10.331 3.62+0.39 x
23 N
30 gay 870 CsH,0 10.65 x 2.38+0.88
31 T 1070 CoH,50 15.203 17.17+0.87 3.76+£0.87
32 (E)-2-5% 1t 1284 C1oH,50 21.786 1.00£0.20 x
33 3-FRHLIR LR 622 CeH,00; 4.725 x 1.48+0.14
il 24 34 (E)-3-2F I -2 1008 CsHy40 13.117 x 0.95+0.18
35 2K 2T 1036 CsHsO 14.069 2.50+0.69 3.76+0.40
L 36 3-FIET R 930 CsH;00, 9.679 1.10+0.21 x
78S )
37 iR 974 CsH 1,0, 11.679 1.43+0.78 x
S 38 2,4-ZRUT HOR T 1463 C14H5,0 26.548 0.40+0.18 x
. 39 ] —H 822 CsHyo 7.095 X 7.33+4.49
I5 FwIR N .
40 6] 2 FE R 880 CoHy, 11.395 x 13.25+1.32
fig 2k 41 2-FRFL B iR 1393 CiHx0; 24.799 x 0.20+0.03
HoAh 2 42 2 F 4 5 Y - g 1225 C¢H;0, 20.112 0.77+0.21 x

TE: R R B SRR ComCoo IEMBEIRHEAFEN); *: 3 YOPAT I A 1 0 < (bt .

24 NESEEE LRS00 NIEE

R WE/NE GG BIRE S 2R, S E#E
R S TR AT HUAS (T 3) o 2N 2245 5 ) S A ) T R
AR 1.0x10°, REAE45 & W) BRI N I (8 2 0 /NZ 1 60%,
ZINZZ ) o KT AR 5, X5 E T A 45 SR B AR AR 1Y
— 30k o /N TR & ) iy 5 B v TR NG, FREHUI
72 URL™ A (45 R I R A B 5, /NI B AR R 2 )
FE R A g 7 e TR FR B AIG, R AH/NEZ IR 8BS, 1
BB AT A SABIEES o /NE R RITEM /N T E AR R,
P 5 WS A AR 2 i S 0 1 7= A R R, HE—
FEFREE_E SRR A B RO
2.5 IZNESBEERELMAIRN S

KT EAFRGINEE 5 R R RS, AR
FE R T £ 708 H 0 Hr OPLS-DA i 6 /)N 22 Filfis 22 $54E
PE4E & ¥, OPLS-DA B BARTEM S50/ RX, RY il Q7
Hid R?X (cum)=0.987, R?Y (cum)=0.846, F{EI#EIET 1,
VLA ST 1 X KERE(/INZZ TR 44 R e o 1A AR

MY MERE(RABYVHRERBERER, BE
Q*(cum)=0.925 KT 0.5, JEIAWT 5T dt 7 AT
fERE R A

1.2x10° —
a
a
4
9.0x10° |-
%f b
6.0x108 [ i
by
BiE|
3.0x10° |
0 -
INEE W3

(UES
P 3 /N G S A W S P A

Fig.3 Analysis of the total response intensity of volatile
matter in wheat and crushed wheat
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