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ABSTRACT: Objective To analyze the differences in volatile organic compounds in black wheat flour, whole

wheat flour and seeds in different regions of Xinjiang. Methods The volatile components of flour, whole wheat
flour and seeds of 6 kinds of black wheats from 4 different regions in Xinjiang were detected using headspace gas
chromatography-ion mobility spectrometry, and the volatile components were classified and feature selected using
orthogonal partial least squares discriminant analysis (OPLS-DA) method. Results A total of 134 kinds of volatiles
were detected in black wheat, and 97 kinds of volatile organic compounds were characterized, mainly including 23
kinds of aldehydes, 21 kinds of esters, 19 kinds of alcohols, 12 kinds of ketones and 6 kinds of acids. Relative odor
activity value (ROAV) showed that 1-octen-3-one, (E)-2-octenal, I-propanethiol, 2-formyl-5-methylthiophene,
2-methylbutyraldehyde, 4-methylbenzaldehyde, isovaleric acid, 1-oct-1-ene-3-ol and proto-guaiacol were the major
volatile odorants and played a dominant role in black wheat. OPLS-DA analysis showed that there were differences
between the volatiles of black wheat flour, whole wheat flour and seeds, with (E)-2-octenal mainly present in seeds,
2-methylbutyraldehyde higher in flour and 4-methylbenzaldehyde higher in whole wheat flour. Conclusion Gas
chromatography-ion mobility spectrometry can be used as a technical tool to distinguish the differences in volatile
compounds between different treatments of black wheat, and the results of this study provide data support for
optimizing the milling process of black wheat, as well as a new direction for the identification of adulteration of black

wheat whole wheat flour.

KEY WORDS: black wheat; headspace gas chromatography-ion mobility mass spectrometry; volatile organic

compounds; relative odor activity value

Il

0 3

BEE 73BT B AR B AW DR 2D, X5 5 W) 5t ) F 58 5%
WA RV B AR SR h EREE, ¥
IR S & W E R TTHRE, P & i 1 BB R,
QIR PPAN B i BT B B o UAH 3 - B T RS i
(gas chromatography-ion mobility spectrometry, GC-IMS)
RS T GC W& ERESI L IMS Ay PR mig 1 A X,
Bk R AGE I 23 A7 #5 K E JB R B T H . GC-IMS 3l
i GC A RE M AR A 7E GRS P )5, A IMS
S T IR 23 B B L B Tk, BT R T T
F, ML) B 5 B IE RS I ) 22 e, 2 IR A i P 4R
PR D L RGN A A A H R S SR e
i GC-IMS FEAR XA >, e ™ At . N
FARRE RO 2 VR R ) AT AT, A
et RO, TR BIAR B bl A R i R XUBR A4 A,
h R KRB 5T B A TR B A

S GC-IMS HARTE Z R E i v B 1 T 2 U 25
I, X T RANE MR RO R AL . RANE,
—RPRRIR R NG T 22 A A A R A L, R
(6 30 e i PR ) RN DAL R A €
BIRRES LR Tz R BANEBRBUE NG /2
SMWHEIT, AHE IR o I REIG M /N 22 . BB/ R
S ZOERAEF e, A2 E /ML H A
SERR o R E N ORI R AR R . B S

i e R U N B RUAF IR Bt 5
wiEINAE, W NIRRT RIE 2 i kb (TR, R
N HP R K B8 B TR R AN AU SR O (A B TR,
AT RE X AR R TR T i A U sk, B
WEFE B, 'SR AR TR BT, R, B B
B PURAGURAAE Y MR, R R AEAR R
JE B YSE TR /INAE B A ORI, T A R XU 2 £
b T DG B A R A o DRI, RIS RN 4 R
Wi, AUA BT 8 K& Uy, b il RE N B/NE [
filt FRE D RE B2 (BT B B2 AR, i — AP B BB 5 oy 5 4
RN 2 T ) AR R

ABFEEHCH S 4 DARMKE 6 MER/INE, B/
GC-IMS AT ILIIB 222 My UkFARL A 4452 A 4y Jo st
Frortlr, DI 7R BR/INA B 2 SO, MR RR /N
22 I T T2 LD R BRI AE £ T A P A L P (A B A
PR AR S

1 RS

1.1 # N

SRAE 2024 HEICHR [ BT A R HL X A 6 Fh SR /INZ Ry bt
L, SR BiE 36 MIFEE BN (6 A 20 HILER), Hi5
1, HERB/ANEGTH 17T HIER), 45N 2; e
WNE(T A 25 HYER), 5ol 3; M ELABANE(T A
7 HUER), 4’5k 4; e BLAESE/INE 8 A 18 HIkER),
iR 5; R B B/NE (8 A 4 HILER), 45 6.



60

B dn 2 4 R R I A 4R

%16 &

1.2 UFE5E%

FlavourSpec S AHG IS & FiE RSN AERE GA.S
AHED; AL104 A RS- EE 0.1 mg, AgR8h-FoA) 2108
(A BRA R, A ALMB SEE BB LA 1 (OO0 8) b
H IR H]; DFY-600 2 )R8 = B BEHLRLE TH AR KL
HIRAH]D.

1.3 /5 &
1.3.1 Z k45

PRI ORI 1) SN, #i AACC26-21 J7 ik A
FISCIREE R, RN R, FZ Rk B B LR R
NI 80 HIT, 195158 /NE K. BN THRS |
EFEBTHRIAT AL AL B, C & IFPRAET 4 CORFETFI
132 ZkBEMEHIYNE

SIAIFREL 2.0 g /N IRRY . RN AN BUINEEAT
RiEESL T 20 mL =S, %8, HF GC-IMS 40#H7 . GC-IMS
S S B W I A ik sh, IR Rt 20 min,
IFFIREE 75 °C, MHFEETHEE 80 °C, 43HTHTA] 30 min,

1.4 HUBRALIE

i i1 FlavourSpec #45 BlE K VOCal N & NIST2021
BOHE R IMS B5dia 12 X 600 s A3 % A ML R T T
iz J Reporter §fiff:. Gallery Plot i Fl Dynamic PCA {4
N F A X 45 TR AT e, AR B R LS B
K25 S8 L {fi i SIMCA 14.1 F1 Origin 2022 #{FHETHHSE
PE43 W 8 SPSS 27.0 1 Excel 2021 #3508 K 4531504

AO[V] 1.02[V]) o

3A 4A
"

PRIl

PR ER I [E]/s

BRIl /ms

1
Fig.1

{-EAmFiE]s

TR ] /s

2 GER55H

21 BNEFEZMENY GC-IMS L E

ATR) i R TR HE & AL A R AL, O AR 2
S 1) Je v BLARB/NEZ R | R EE L TN 4 Ry K
2 G B BN AR R A Y R T A S R, SR
TR NFZ TR . R LA SR N i e R e LR
SRNFERPR A I A IR R £, S TR R A 2 R A
Fl, RZe 3k B Ab B A RER ZE KGN 1 5 & M HLA
B A BT

K25 R, A 3 AR R MY R R S
Tk, WBORMAE RS, B2 A FFERI A
PSS 3] 2 SRS (- 1d), RIS 206 X E R 1%k
HEVWRER TS RY, EOERZYREERTSEY,
R R E — SO R 1. BTk AR T
R 22 5 B, (LA YRR S SRS TR,
HaLMMLL, ZREUN, SRR A
LG Y, TEERIAN 0~300 s 36 N 15 S 1k i 17
{EHEE, MRS YEZ.
22 BINEELMRSHEMNES T

FI ] GC-IMS A 4 134 Fhfb A9 F & Pt 97 Fhig
KA P, 1520 14 FORRIALASS, GG 23 Fh.
e 21 B, M 19 Bl RS 12 Fh, B 6 B, M 3 Al
MRS 3l RIS 2 Al RIS 2 Bl S 2 Bl HRBEZS 1 R
e 1A, BiZS 1l wEmk 1 Fh . BARSSERISGE ILE 1,

| i A L) Jifo Ju
15 2010 15 2010 15 2010 15 2010 L5 2010
B PR /ms

[01:40]1°¢

A OIV] 123[V]

HF TR ] /ms

BN GC-IMS — 4R IA]

GC-IMS two-dimensional spectrum of volatile compounds in black wheat



61

INFEAR RN o e 5 b

Iz 8
[EERP

x5

=
H

ke a st

DIy
=]

I

TIER

FAER, % BT

111

£t

000 200 100 100 200 900 200 200 100 SO0 SO0 00 800 KOO 000 100 SO0 €00 . e o B-c-
29T FOSO FES0 FLT TSSO FELO FLET F6SO FOLO FEST F090 FHO0 FS6T FEO0 F690 FOrI  FHLO  FOLO ST kO
90 800 70 T€0 LI'0 SO0 170 €00 €00 LTO <TI0 100 L0O 900 €00 STO 910 600 . . .
FL69 FOS'T T8ST FECT FECI FICL FITH FOI'T F6CI I8EE FSIT FCT 8T FLIT F6rl Foe Feol  Fior  OF b LE6ST 604 ST
€00 910 00 Ov0 500 800 80 [0 800 ££0 950 SO0 0E0  LEO  9TO 500 610 0 I Ll
L1 FEIE FICL FLC PO TCCO F6ST FSOE TOTOI FSLS F8YS FLOLI FOI6 FHSO Frrll F60T TSP F66'6
800 600 100 800 $00 100 200 00 00 SO0 0 100 200 910 €00 700 900  £0°0 . . o
FOS'T  FEPl  FEST FCOT FIST FSOT FOL  FLST FLTT FYL F6l FILT FEST Fl6l FLT FEET FILT  F6LT 9T vSU'I9E 888 (ML
70 00 00 970 €00 100 100 €10 100 SI'0 L0 SO0  9€0 600 000 970 €00 400 . . .
v F60l FSOT FOLS TSI FEHl TP FECl FCCU FLE UL FOIL F69C FLIT FEOT F99E¢ IOyl Fgen O L EUs  Tiol LA
SI'0 010 90 00 900 010 €0 070 900 T00 90 0TO0 b00 STO LTO 010 00 6€0 . . . )
9T FOIT T8YT Fr6l T TSI F6ST FEST Fbl FO61 FILL TSI F60T Fel FLLUT T Fore  Fesr T 589 w0l BMIBIrde
080 S0 60T 890 €10 020 TS0 €20  $TO I¥0 990 SE0  TE0 TS0 990 STO  LTO €90 . . )
T FLOT FLTL FOVS FHS'T T66'8 FEOL T99T TS6UI FEI'L T86P Fer€l FELCl Feov FILTI TELS Feee wepr  O¢h 96D €9 WLFeT
I€0 610 LEO 8€0 TT0 110 SO0 Ly¥0O 0I0 0T0 190 00 <TI0 0¥0 600 110 LTO  8TO . . )
T OFEFE THSE FHOS TEOP T6S9 FOST FIKh FEOS F6I'E F00 Fe6r TOV F0SH TSy FEOT FIoS  Fecy ol 0L0L Tl AT
170 €20  T00 910 ¥00 SO0 810 SI'0 90 900 0T0 00 %00 <TI0 900 SO0 000 €00 . . ]
FILT FSHT OFLKT OFSTE FID FCET FSLT F6UL FCCL OFLTT 90T F060 FOTE FOTI FOIT F9T FSpT  Feor oL 8EWIE 0S8 o
800 €00 900 L00 SO0 900 600 610 00 800 T0 €00 €00 <TI0 200 800 €00 700 cl ovess 106 s
F90'¢  Fovl FS1 FCCV FIIT FLLT TSCE TSCT FLET FI6T FIIT FIOT FILE F6IT FELT FOSE FCET  FOO
600 ¥I'0 SO0 600 000 €00 900 €00 100 100 €0 100 600 070 00 <TI0 %00 200 . . .
T6LT T T66'0 FLOT F66'1 TEST FLLT FLI'T FOI'L I86T FIOT FH60 TLT F96T FE60 F99T ISl  Fogo oL ILEE 656 e Aty
610 €10 950 ¥I0 9T0  0£0 900 €S0 800 9T0 690 ££0 S0 T S0 0£0 950 SO o oo -
FP'S  FLEE F8WP FLOC FI6T FEYE FSHE TFST Fovh Fov's F8OC FLSV FILY FHeE F6Th F6ST FIST  FIbh
€00 ¥00 000 $00 L0O 100 100 €00 000 T00 0TO 100 SO0 SO0 900 €00 010 100 . . o
1T FSLT Tyl FSCI FEMT TS6T FOCI T86T FELT F90T FITT ISCT TES0 FLET Foul TSI FesT ey ol T vel LT
800 €0 €00 100 LTO SO0 600 SO0 SO0 00 8T0 200 900 900 00 600 SI'0  SI'0 T .
FCCE FLUY FHLE FILE FLES FO0S FOSE F6OS FIIS FCCE FLLS FOS FOE FLES F6SY FOLE F66y  F9P w172
70 K0 €50 80 190 910 ¥I0  TT0 800 970 610 SO0 LI0O ¥TO €10 bTO  LTO  8TO . . e
SIS FSO'S FSI'E FLEOl FOCTI 96 FIOB FHE0I FHEO FIFL FCTOI TP FE06 FTI6 FTS FOSL Fye oy 05 TYPST WL (MEMET
910 620 LO0 610 100 €00 SO0 THO  $00 SO0 SSO L0000 90 SO0 010 110 $00 . . o
T1T FIST IS8T FLYE TLET TOST TS FLST FICT FE6T FHOT TS F6ST FLET FOST F6ST FesE  Feor oL I s86 WEg I
% @ vo oS @ Vs Oy & vy Of 4 ve Ot 8z ve Ol  fl VI  umwyify S SEE -
| | 7 .
Yo/ B 5 [XHY it B E¥

JEIYM YIB[q UI SIIUB)SYNS I[IJB[OA JO SINSI UonesLIdjdeIey) [ IqeL

EHRHTAGRNTHEE

I ¥



%16 &

M =7 4t

Al

A
W,

f

° e R

62

X ek S NHLLH ST b S B9 g ) 0 I Sl Sl S " Seslich 2 R

600  TO0  v00 810 200 100 v00 100 100 910 900 000 800 100 100 10 100 100 _ . e L
F71 F9C0 FLEO FSLT FSE0 FLEO FHET FOM0 FOS0 FC6T FLYO FIS0 FSIE FOH0 F690 FbT F9¢0 w0 el CUEL 989 Rl
€10 100 200 €0 100 100 L00 200 100 110 €00 100 800 T00 000 €00 000 00 . . N )
T FITO FSTO FOLT FITO FLCO FICI FHCO FECO FECT FOTO T8I0 FS61 FLTO FIT0 FoIl Fgo Feeo | OFL  09W6S  LTOT Ty ¥EidaT
PIO Z00 100 900 000 SO0 00 00 100 110 L00 200 K00 100 100 600 200 W00 o goc o .
F69'1  F6C0 FLEO FOCI FSEO FREO F8ST FCO FHEO FRET FSCO FIC0 FEOU  F6ECO FOCO FCIT  F6H0  FLEO 4
PIO IT0 €60 TIO pI0 100 600 1T0  L60  I¥0O  TO 100 L0 810 010 0 €20 050 g0 oo -
FOPO  FSIE FOE FHOT FHTT FISE FOT FLT FOWE FEIV FLOE F6OE FEY FEOE For'e FI9P FREE  FHE —
10 00 100 110 S00 000 L0O I€0 100 110 90 €00 900 60 $00 $00 110 SO0 . . e
FoTE FLLT FILT FES FOU  FTT  FLIC FHIT T80T FIE FIIT FLT T8E9 F60T F06'1 F0T Feor Fee SV €88 €66 FHFEdoR2T
910 810 110 810 %00 100 <TI0 LTO 200 $00 €0 00 <TI0 10 €00 110 €00 100 . . )
FSET  FCCT F0ST FCOT FICT FISE FOT FIPl FIHT FLT 89T FOST  FST  FK1 FEOT FLST FICT  FUL] STL - 95svs L66 GG (s
€10 €00 000 $00 100 00 910 600 000 00 110 100 110 SO0 00 €00 800 00 . : N
FLST TS0 TS0 T6OT FE6O FC60 FSST FECI FLOT FOT FS60 FEOT FHLT 860 FH0 FEOT Forl  Feeo TVl OBV 96 k@l
810 €00 200 L0 ¥00 900 000 HI'0  p00 800 10 LOO 8TO 600 100 €00 €00 €00 . . I
F097 FSOL TG0 FSSS FEIL FOCT F6OS FOTI FCOT FSOS FOU FH60 FSTr FHIN FI60 Fsey Fos1  Feor VL 99 SOU e —
600 ¥00 SO0 100 €00 T00 100 900 100 100 010 100 000 $00 €00 SO0 100 SO0 1 en w6 -
F68'1 FOL'0 F8S0 FCOT F690 F8LO F8ST FILO FOLO FEET F890 FLO0 FSCI FI90 FO0 FOUT FI6O0  FSLO 4
0 LO0 990 010 S0 700 €10 00 100 010 ¥00 100 SO0 SO0 $00 €00 010 910 . : _
FT FHET FLCT F6S0 FIFO FEIO0 FSOU F6SO F6SO FLOO FHSO FSO T8O FOH0 F090 Fes0 FeLo w0 o or L OM0sTL8L 7k N
080 00 W0 €00 100 000 €00 000 000 Y00 00 100 100 100 100 100 1000 900 g oo oo ”
FOTT F6C1 FICT FCS0 FHLO FHO0 FSSO FOLO F6S0 FSHO F60 FLEO FISO FOLO F6SO FISO FSLO TS0 4
900 900 900 900 900 900 900 900 900 900 900 900 900 900 900 900 900 900 . .
FOP0  TSLO TS890 F6O0 F990 Fr60 FEEO F60T FLOT FICO F6ST FC60 F6r0 FELL FOLO FLEO Feol  F99p OV L 0L00L - LLv e i
970 700 SO0 €10 SO0 100 TO0 00 200 €00 LO0 100 900 ¥00 T00 LO0 900  +0°0 . . e
F9ET  FOPO  FHO0 TECT FLE0 FIW0 FCOT FOLO FLEO FIST F6CO FOC0 FEIT FEEO FLEO TSPl F0so  Fipo  Ov L 8Y8LE 006 BT
010  L00 LI'0 800 100 010 10 600 900 <TI0 970 600 $00 LI'O 010 SI'0 100  +T0 . . PN
F007 F8L0 F6O'I FEOl FIY0 FOCI FTIT F6S0 Tl FCsT FO1 FTT FSLT FSUT ¥l Fes el weer  S01 L0r 616 EEna-(HOTE
S00 900 200 200 T00 00 L0 L0O SO0 €10 110 000 800 900 100 €00 900 100 . . e
FIT F6r0 FSH0 F060 FSEO FICO FSOT FHSO FEO0 Fo61 FEO0 FTO0 FLE0 FIL0 F0S0 F8Y0 Fegr  wgo oL L0990 LSOT RSN Tl
% 99 V9 Os ds vsS Oy & vk Of df Ve Ot dc v Ol 4l VI wwyfufg S/falfy  S/EE

I \W_Urwm /lal S/ EE W

%/ B S X HY it HY  B¥

(€)=



g1

FAEM, & T ERS- 3 TR Tk

S5 B AT i R N A R M T E S 63

B 2 AL Rk RS RN SR, S 53
B, MR 59 Fr MIELZ T, APRAL &b K Boe
&%, H 95 Fl I 4 FEEERIPIR: FZHW. 2-F
PS4 JkmEme | 12- U EUJL 2B 3-2 kb . BN
R h B RN IESS L BRISHIEEZS, A o R
RPN 27.11%., 22.03%. 15.25%, BI/NE2FH T EIE R
YINEEZS, SR G EMEREY N 26.41% . BEA, &
22.64%, TR, i 16.98% B/ NFEHTHr E B KRS |
B FNERZE, 433 i 4R R BT 22.10% . 20.00%F1
18.95%.

RS

fik § 4}3Pimw

e

u ANUNETH) mBENEREE § CHNERR
B2 N R L

Fig.2 Chord diagram of volatile compounds in black wheat
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Fig.3 Fingerprints of volatile organic compounds in black wheat
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Fig.4 Correlation analysis of aroma compounds in black wheat
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