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Based on HS-SPME-GC-MS Analysis of Volatile Flavor Characteristics
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Abstract: To support the flavor standardization in the industrial upgrading of Xinjiang naan, this study investigated three
characteristic varieties-sesame naan, onion naan, and wowo naan. The volatile aroma profiles of electric-baked naan were
systematically analyzed using headspace solid-phase microextraction coupled with gas chromatography—mass spectrometry
(HS-SPME-GC-MS). A total of 110 volatile compounds were identified across the samples, categorized into 5 alcohols, 22
aldehydes, 19 ketones, 4 carboxylic acids, 6 esters, 4 ethers, 28 hydrocarbons, 14 pyrazines, and 8 other compounds. Specif-
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ically, 66, 87, and 56 volatile components were detected in sesame naan, onion naan, and wowo naan, respectively, with 42

compounds common to all three. By applying relative odor activity value (ROAV) and orthogonal projections to latent

structures discriminant analysis (OPLS-DA), 22 key aroma compounds (ROAV>1) and 21 discriminant markers (VIP=1)

were identified. Significant differences were observed in the dominant aroma characteristics: Sulfur-containing compounds

imparted a distinct note to onion naan, unsaturated aldehydes and pyrazines synergistically contributed to the aroma of

sesame naan, while pyrazines were the primary contributors to the roasted flavor of wowo naan. These findings demon-

strate that ingredient composition is the main factor driving flavor differences, which providing a scientific basis for the tar-

geted flavor regulation and standardized production of Xinjiang naan.

Key words: naan; sensory evaluation; headspace solid-phase microextraction-gas chromatography-mass spectrometry (HS-

SPME-GC-MS); aroma characteristics; orthogonal projections to latent structures discriminant analysis (OPLS-DA)
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Table 1 Basic formulations of three naan varieties
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Fig.1 Main production process flow of naan
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Table 2 Sensory evaluation criteria for naan
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Fig.2 Sensory characteristics scores of three naan varieties
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Fig.3 Total ion chromatograms (TIC) of volatile components

in three naan varieties

FHBAFEE 1 (FERLART)E Y http://www.spgykj.com/
SCEE 25 0O FNIEL 4 A1, =PRSS AR Al H 1)
ERMEAAE W ILIT 110 BF, A FEEESE 5 Fp | mEE
22 Fp | WS 19 Fh . FRERIS 4 b, WE2S 6 Bl Mk 4
Fh S 28 i MG 14 R LA LAY 5T
Mo MIELMEM 4T B Fh IS B R E, PYZN,
ZMN F1 WWN Z3 3Kz Hy 87 Ff . 66 Fh Al 56 Ff 44
RSy, Forh = FH AT 43 42 Bl PYZN 2852

A 25 B
. el
L % i
w 20 . En
e . IR i
iz 0 2
s 7 o
fi=$ S .
D = S
SH = S
Sl & = S I
Y < = <. . < =
K o 5] A K =
N <EEll =\ < = “HEN =
r & gl = X N
g2 = 3 / /
oLiEm VA FEANE iE (NE

B 30
B PYZN
57 =1 ZMN
- S WWN
S 20t
il
T
-
> v
10 + 75
5 N Np
. ElZE 1B e
o L= PN L P P GRANZRNNZR
ST TETTTIN
o N2
Lyl

K4 =Fhiferb aOFE A oo (A) MRS & 4 (B)
Fig.4 Categories (A) and relative content (B) of volatile
compounds in three naan varieties



3474 5 16

VR SR SR | S5 BT HS-SPME-GC-MS 23 A [ SR &t KUK R AE B Sl 43 - 411 -

5 A PR 43 80 (87 ) W Ik 2T ZMIN(66 Fi1)

FI WWN(56 Flt), 2B HAEF4 A PR UK 42 JoT i) F 28
FERE O R, IX AT RE SRR b R R i UK
BARYIFEIN Tad ft vp A 2R N A 5, F
— GRS AR S AT B, RS E = FhRE AL T Y
A B be ), Horb WWIN R R 2R oF 5 e e
(26.73%), FZELIPHER(10.40%) R4, MtFHsE
B4 7 59) T 7 R 9 150 JEK s ZMIND AR A 26 A X B o
24.57%, Hop 2,3-T i AHXT & B E ik 12.26%, 5T
PR U S0k 14 47 el R R A A PYZN AR AR X 2
7 14.88%, FHXTHEAR . MEZISHE PYZN A1 WWN HiAH
St gt B =, A3 15.48% il 14.91%, UNHE 2%
FIURR P 45 L [R] DTHRAE A . AR AR IR A, B am T X
R R WK . B ZEAE WWN AR X &
(14.18%), HiHr Z, AN 2- 1 P95 855 H5 A V7Y 25 1 A B
U ZMN R EESSAHR Sk 11.49%, DL OB R
(6.11%) . LEoh, NEEEZEHE PYZN 1 WWN HAH X
TrRAEIT (55N 9.07% Fil 9.22%), F- B Ik
R WA T, T ZMIN R IR AR X A
I(4.03%), W5 HZ MBI RN EH 5.
WL XURAE XTI IS A e LRG2RE, ASRIERE 4
RAERGTERNIS 5 B i YA W25 5, e
FRHAE EE AN T 7 =R AR U FE 6 14 55 52 i)

s = FEEARE S AL R, g5 RN s
BN o it X PYZN., ZMN A WWN = FRE 5
H 110 PR R PR, B AREES | S WSS . FRTR
25 ERIE . EESS | IS RIS AL 9 2Ty
BRSHEI ST, BT DATE W R AN [6] &S ) R A B4
LHARE S P S AR S AR S 25 5 . ARE R
B BE N IE (B £T 40, KT Z-score H AR Tk,
LA RN AR e vm B B, W (AN A AR Y
o S5AEESTEE, IT LR B =R S
i L ERYE PRT AR 4 P9 SRS S A ] S AR RRNE, EDULS AN
[F] S A KU FE B AR S, A5 CURAIE S R 2 2 5
(P<0.05).

FEARTT T, W &) oA AT A i 28 o5 Pl =8
Hi sz, o PIERAD 2,3- T AT S s g, (.
S0 S AR S WWIN D AR X e e
(10.40%) , T ZMN N & & 2,3-T —fii (12.26%) ,
PYZN HiX 3 S i AR BAIG . SXFp 22 5 T HE S e
TASIEECBRCANGS I ) B 16 ek A v SEF A8 Sz i il

B AR AL AR R 22 5

SR I [RIARE R B L 2 5 I 22 R, ZMIN DR
L (2.76% ) Fl 2-F FETA I (3.07% ) M ARMIE, PYZN
D) 5 5 B AR MR (2.56% ) Fll 2-BR IR (3.79%) , &
AR 4-(1-FI L) 2R (1.42%), IX ST
SRR R i FRFIE XU HT A 55 UIAH DG WWN Hii sz,
i (2.51%) F g .

MRS S PIVE W EE W RE R . R FH DTk
L 7E WWN Hae R =R gy, RRE 2,5- - kit

Z-score
2

7-ERRE

794X TE-1-UR(4,5)5E-6,9-"1-2.8- "

AEEMRRE

3RE-FIR 1

&
(E)-2-344REE

cE

3 BRERE -1
3RFRA—IT

1-(1H-IE-2-2)- Z

©r2m
REA—
B

B Group
2,3-ZFRE-IitE

T
1A 2 BryzN
i
2157588 WWN
5B BRTE G
ZRETH roup
(LB E) KRR Wk
2% o

- SEE+—R Mf
24,6 SRR [ES
(E)1-(FIE1-45-1-2) 2 EFA K
428 = ;ﬂégt
(-REZEF =
2(5H)-HRE 28
ZE-2-FE-3(2H) DI Bk
a»#-?m! s

— Al

1+
LM Z8
ZiERE

%

L R ]
23-R=M
Z s
2-Z8-6-FEME

=

2-REHE-2-FERIR
3575 -2-BEAHIHIE4-5
(E)-3-%4%-2-8

+=;

FE

22,4 4-MPEES
2-FRE1FE
AATEE-2-TH
Eood

(EE)24-ETIRE
E-2-FRE-RIE
KB

23T=M

zm
2278

=5
224,66 RREFR
+Ek

2GR
3-Z8-25-FRE-IHE
(EE)-24-357H
2-RRE-A-ZHERY
RELTE
a-ZIHERZE

2 TEIE
2-ZE-5-FEME
=FREIE

2TH

EFH

25 ZFRE-IitE

TR
W 5, e,

K5 =R R o SR

Fig.5 General characteristics of aroma of three naan varieties
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Fig.6 PCA score plot of three naan varieties
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7 et 110-62-3 0.01 S R - 0.1 -
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23 (B)-3-34-2-Mi 18402-82-9 0.01 BEGER L BRI - 0.15 -
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T =" TEIE AR B R A % 5T S B D L AR v e B SRR AE S R R AR R 28 o htep://www perflavory.com/

index.org.



- 414 - é’uﬁ&‘r\“/ﬂ*ﬁ

2026 4F 8 A

2,5- " FF BN (IR AR R | HEES ) 19 ROAV 2k
100, FEATAEXTRIG EE (ROAV ) ST 21(3 3)

ROAV S HT&5 KB, =FpigtE P ROAV K
F 1 BFRRASIEA 23 B, G 2-F IR 3-HF
TRIEPIEE | 3-FHIL TE, 2-FH3L THE . (Z)-2-BE . 2K
B (B)-2-¢ . (EE)-24-T " /F&HE . T
(E,E)-2,4-2% T J&HIE . (B)-2-2%J&WE. 2,3-T . 2
Fentkrgs | 2,3- " FFSLNEEE | 2-2,Fk-6-F Rtk | 2-2,
FL-5-HI LNk s | — FHIEntkegE | 2- 2, 38-3-FH JEnlkegE | 3-
. F-2,5- R ILNRE | FFIEMy . 2- IR . PN Ak
TR . N AR, i SR8 B R R = AR
AT ARG, AT ARXR BTk K. PYZN,
ZMN Fll WWN [ AR 5H il B o3 Bk A A E
WEER ., 7E PYZN H, BEFS S0 2-F 3%
NEE (ROAV=37.78, ZZ ZF Ik | 32 ) | 3-H LT 1%
(ROAV=12.22, IG5 )10k F1F) | (B)-2-2FE(7.34, i
ik . B EER) | = F LR (ROAV=47.22, IR Bk
R IR ) | 2-2 KE-3-FF JENE A (39.58, SRR | +
BR) . 3-258-2,5- " R (77.16, IARER | HLIEER)
PUSRAEE A 2R AR (100, VEZIR . KGR A1 —
PI3E =ik (66.67, FEAR | B HAR), Hip &6
G ROAV ELHAREE T2 R RFIE XU o
ZMN [y AR FF 5 T 2L 2-F ZE T % (ROAV=
41.85). (E,E)-2,4-%% " JF&IE (ROAV=34.09, AR
KER) . 2,3-T —Fi (ROAV=16.71, B . ¥l
BR) . =LA (ROAV=27.27) M 3-Z.3&-2,5-
FLNEZE (100) SAZ0 , AN RIS S50k ge 28 5T i 15
F/ERA DN R T IHAUE MRS S5 IR RE . WWN 19
IRFS ST AR FE 2- LD (33.5) . 3-HH L T
(ROAV=6.14) | 2-Z,3&-5-F JLN I (16.29, IR ILER |
HEEER) | = KL IYE (40.71) Mz 3-2.KE-2,5-— Fp &
Mtz (ROAV=100) |-, MEIEZEW) T v DTk (s k)
PR SRy Al Iz HY

MR 2L & W BB AIG, BRI T S fE
R . G FEPR IR SN 2R S, B, . JE
IR SRAEAR, BEA MRS AR, JEA8) i T A7
SMEZH P, A F NS, 3-2,36-2,5- 3
MR = PP 2 B A& 19 ROAV(77.16~100),
HAR AR 18 (0.00009 mg/kg) M HLTR IR L | Jibpdz
WRARFAE et JHL 8 Sy YRR AR XU J3 1 DR o T
JEYEn 3-F LTS 2-F 3L T RE L SR EESE,
FH SRR R N A RIS TR S AL R r=k, B
o e ] R R N S PSR B (AT TR AN 3
B VAT RS B A B X UBR AR B FE A A = Fbigiep
FRATEESE (UNPIEE, ROAV<1) NE L NI R | SR
SEXTHEAR MG B UEMITE . /RIS (AN, 2-
PRI I ) %5 0 £ty AR AR X B s v 120, L Pl UK
B EME S H ROAV {HIE /T 0.1, B X 18 ity 232 44
TR EIETTREESS, 8 TR E A XU 5

2% F TR, PYZN., ZMN Fl WWN B AR TS,

FRIE KR . & ROAV UL SISk &3t
W] 25, 3 Bl Sy YR T i L R v i SE P A
R N8BT AR A RE A DL A JRORE B i AR fE A 4 (Can
PYZN &l G4), FeR ¥ T = Fhigah e
RRFE)EE, o, ZMN K (E,E)-2,4-2% "R 2,3-
T AT S BRI S SO s .
24 =MIENXBERESSW
2.4.1 KREEERFSNSTMW VIP 55487 2T OPLS-
DA A5, 38 33 AR 355 24 (Variable Importance
in Projection, VIP) 437 i 156 52 350 — AR i 75 <
SRR SCHE Y . EORE VIP A =1.0 1948 BN
EEEFIREY . VTSR (E 7) R, IFH 21 F
T WA VIP (H>1, g5 2 S/ S5y
X ey i VIP AE )P HES A 4E: 2- Tl (3.19) . A
i (2.56) . 2-F 3k 2-PNE(2.31) | 2-MKMHEE(2.00) | 2-
FAEEPIEE (1.54) . T-2(1.53) , 2-F 4 -2 F RE P g
(1.52), BEEE(1.45) . ©46(1.35) ., FIEEE(1.35) . 4-(1-
FRZE 2 L) - (1.32) . 2RO (1.27) | 2-4,5&-5-
FHENIEZ (1.23) | B RLE B LR (1.21) | 2,5,6-—H
2L e (1.08) L 2,5- F JLnk i (1.05) F1 - k¢
(1.05)%5 . XS TEANARXT S B AR 1 iR,
HAE R BT T (ROAV) Q136 3 iR
gEEHE VIP (E, X LY RN X 4 PYZN, ZMN Fl
WWN A XUARAE 58 B B B 2 DTk
2.4.2 ZIREES AN e 2= R EF SRS T
H:T OPLS-DA 5 ROAV 5347, MZMREE(ZMN) 5
PEAE(PYZN) H et P9 3k TR, 2,3-TT U
FEZEWY | 2-H RIS N2 A S bl 2 S Uk
43 (ROAV>1, VIP=1) . UNE 8 Fiss, OPLS-DA 15
SFELE R ZMN 5 PYZN FEASKE G 25 (8] 43AE X
B 4 Sy, SR i B 38 RPX[1]=0.995, ' 48 K5 6
O FHEH—0.91 ([ 8), /N 0, BEBHELRI S H #i ik
UG, HoA RAFrTGE 71, RIS S &<k
HA W 2E5(P<0.05).

TECEESCER Sy, N3 oA B R AR
B ESR, S PYZN Frds4, H ROAV {Hik 100,
FEXF &R 0.72%(P<0.05), JZIE L PYZN FriditE
SEFARNE AL T . 2,3-1 1 5 B0 B vl R g v
¥4, I ZMN 1 1) ROAV(16.71) FAH % & &
(12.26%) 31835 (P<0.05) =T PYZN(3.46, 2.49%),
FEHIZ Y BT} X 3 P 2R LB XU BT B A
FHEN, eI por J7 1, 2 iy (R E D &
PYZN 1 ROAV(11.14) FIAEXT &5 (4.01%) ¥ =
F ZMN(6.19, 2.27%), 384L T PYZN B9 £ 45 XUBR 5
2-H RN g (32 28 . SR F ) 7E ZMN P i) ROAV
(41.85)F PYZN(37.78), FRHHHX| ZMN A4 22 2f
A TR TE S o8 s 2R QB (BB . W33 ) 1F
ZMN FAERT 5 (2.76%) F1 ROAV (3.76) ¥ T
PYZN(1.31%, 1.82), #F—2350 T ZMN B4
FEE



3474 5 16

S SR AR 5 HT HS-SPME-GC-MS Z3 7N SR A M KUAREAE B OGS o3

- 415 -

VIP[2+0+0]

2,2- BT B
P3|

LS

HERESEEREEE NN EEEEEL S RERBBER
SEXQIINN | NEHF Z31INESL-EILHENREE
BAML I AR TRE G BLa KRk oH R
EAET ST dadal B2deloaf il =&
Nelle QT B~ N:'ﬁ"’é@’. = HE
we s ¥ 499 S EeE 3 B
T T ' Ja SN '
« i e TE w
= s =% TEZ
3 A q
- P
gg I
| 3%
4%
&
=%
a
~

Var ID (Primary)

= AMERES YR OPLS-DA VIP 455

Fig.7 OPLS-DA VIP results of volatile compounds in three naan varieties
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Fig.8 OPLS-DA score plot and its permutation test results for
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