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Analysis of differences in volatile components between Chinese and
European Japonica rice cooked by headspace arrow-type solid-phase
microextraction combined with gas chromatography-mass spectrometry

ZHAO Zhong-Qi'?**** LI Jian-Long', HU Kai-Di', JIN Ruo-Yun***°, ZHANG Yi**** HAN
Xi-Ying***?, LI Shao-Bo***°, WU Wen-Lin***°, XIAO Quan-Wei****, LIU Shu-Liang'"
(1. College of Food Science, Sichuan Agricultural University, Ya’an 625014, China; 2. Chengdu Institute of Food
Inspection, Chengdu 611130, China; 3. Key Laboratory of Monitoring and Assessment on Novel Food Raw Materials, Sate
Administration for Market Regulation, Chengdu 611130, China; 4. Key Laboratory of Chemical Metrology and

Applications on Nutrition and Health, Sate Administration for Market Regulation, Beijing 100029, China;
5. Irradiation Preservation and Effect Key Laboratory of Sichuan Province, Chengdu 611130, China)

ABSTRACT: Objective To investigate the differences in volatile components between Chinese and European
Japonica rices. Methods Headspace arrow-type solid-phase microextraction (HS-SPME Arrow) combined with gas
chromatography-mass spectrometry (GC-MS) was used for determination, and principal component analysis (PCA),
hierarchical cluster analysis (HCA), orthogonal partial least squares analysis (OPLS-DA) and odor activity value
(OAV) were applied to analyze the volatile components of Chinese and European Japonica rice. Results The 130
kinds of and 129 kinds of volatile components were identified based on HS-SPME Arrow combined with GC-MS for
Chinese and European Japonica rices, respectively. Differences between the volatile components of Chinese and
European Japonica rices were revealed by PCA and HCA; variable importance in projection (VIP) values in
OPLS-DA were applied to determine the differential volatile components between Chinese and European Japonica
rices, and 4 kinds of key differential volatile components were further screened by the OAV, which were
2-n-pentylfuran (26.98 in China, 6.48 in Europe), n-hexanol (4.51 in China, 0.07 in Europe), trans-2-octenal (15.61 in
China, 4.82 in Europe) and trans-2,4-decadienal (369.42 in China, 84.94 in Europe). Conclusion The study reveal
significant differences in volatile components between Chinese and European Japonica rices, providing a reference

basis for the construction of branding and value-added enhancement of speciality rice.

KEY WORDS: rice; headspace arrow-type solid-phase microextraction; gas chromatography-mass spectrometry;

volatile compounds; odor activity value
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i % R T L T A% 495 T A5 ] AH f0 2% B (headspace-fiber
solid-phase microextraction, HS-SPME Fiber)E‘J%ﬁﬁ*[s]o
5 Z ML, HS-SPME Arrow FTAC#T Y2 IUEF 4tk R T
WA A PR R B A RE, BASERIRZHEAR, FBTHE T
. FRE) ., MAAEGEK, Wb R, AR
) R FZEBUICR . Sk HS-SPME Arrow 4
HS-SPME Fiber H.40 5 % B, HS-SPME Arrow H AR1EHH % 1
ARG Pz 7 16 W AT HS-SPME Fiber A, HAj/D W
X Fl HS-SPME Arrow ¢ & M 0 3% - it % % R (gas
chromatography-mass spectrometry, GC-MS)¥ A ] P2 ik
KRR e M WAy 43 BT R AR G, TR %) v 5 R
Wiy, A5 R HS-SPME Arrow Btfy GC-MS #1745
KM A W RE, 0 3 B 4343 AT (principal component
analysis, PCA) . IR 2 X 2 2% 4 #T (hierarchical cluster
analysis, HCA). 1E 3 f5/N 7753 M7 (orthogonal partial
least squares analysis, OPLS-DA)S5Ak 2 2705 &<
15 PE{E (odor activity value, OAV)XH [ Kz RRPHAE K K AR
RO AT 22 5, B AERST T E R BB K K A
ZI RSy 22 5, SRR RO B R T S RN (48
FHZ S HRE .

1 RS

1.1 RS

5 ZHRRIEEAR . 5 AP EMDR, A7lkRidh EI~ES &
C1~C5; PRI SCHLAG Rl PR 25 225K, Bl AE S R R ™
oK 52 (RZR), EI~ES 4331 5 KA (Arborio) . 725 [ ()
i)y | FEPE 2T (Bomba) . A& % 1 (Favorit) & 7 i (Glace), C1~C5
S3SIREARGERE) . FBIEVL(RIAET) . VLIR Rk . VLV (M
W) SR ); R RE 2 A DG IR a2 s E AL B
HIMHUM IR, DARRE S B S

ZEHk: 1.1 mm DVB/Carbon WR/PDMS, &)=/ E
120 um, 2K 20 mm; THZSH: 20 mL, oAk 5 (6
R A PR F)

IERBERR(Cro~Cao) . I EE(TATLE, 1B LiS LR
Wy A Rl W 2,4,6- = H LM BE (trimethylphenyl,
TMP)(ZlJE >k 99.9%, 35 Sigma-Aldric A #]),

12 UFE5EE

8890-7000E S AH A% BT F{Y . DB-WAX UI 4154t
(60 mx0.25 mm, 0.25 pm)(3EELZHERRHARRAH); PAL
RTC FES AT Z e 6 M AL =R A
FRAAE]), ME203 HLFRT-CR§E 0.001 g, %iil: METTLER
TOLEDO A ]).

13 WA
1.3.1 ik 4 B
TMP AR (10000 pg/mL): FREL 100 mg ) TMP,

7E 10 mL AP A EE4F] 10 mL.

TMP WAREJHH(10 pg/mL): I HVRERS AR fif 75
(10000 pg/mL)Z 2 Fi B i A3 (1 B VR BT, e 2l 48
10 pg/mL A9 P bR I
1.3.2 #mbl&

KR 2% GB/T 15682—2008 KA T FH4y |
FOKRZEE R TURE M 7% ) FREL10 g KORCRHA 3
AT T &S, FZmRmYE, S4B 10 1,
Pk EE LR ahfE, FAZREAKIE Tk, O
b TR E I R HIZE 5 min, FEAEACKEE 1:1.3¢AFR )N
AZEIEK, B 30 mine [ZEH BN AGE BAIK, SR N
BRI, KRR ORI AR B A ZE B Hh 2% 40 min,
[t 20 min,

1.3.3 HS-SPME Arrow B4 GC-MS M % K AR 4 % M Mok
W IR

KIRFEIR 1.3.2 ZKE SRS, PRBFRIL 2.000 g LA
20 mL THZSH A, FEAILA 10 uL TMP PIFR{E FI# (10 pg/mL),
b P

FEASCER T A Sl e A I R | A% B HSF ) % I BB [ 56
IERAE IR SEL . BB A FEAAEEURTAEICK 245 cCAk
10 min, ZBUREE 70 °CXIAESh 4 & EY) Tk T 2R UG PE
60 min, AEISERUE AL B PR DAL HE T 250 °CIli
Fff HEAE 6 min.

AR 3 - T B R AN 5 A R SRR IR
WHE N 250 °C, Aorimitt, #AH He, MR E N
1.0 mL/min, fEi%HE % F 225848 DB-WAX UI (60 mx0.25 mm,
025 um), HEAEFEBEF I WHEE 50 °C, U
4 °C/min FHE 2 250 °C, {45 10 min; FRRESAMEN: gy
A H T ZE di(electron impact, EI), HLFHERN 70 eV, &
TR 250 °C, W RIAER 3 min, JUEAMEES
50~450 amu,

1.3.4  RIRAFL AL 2o

SR FH A BEAR 1 AR J0W) 53 BT 304 AT 7 1 43 BT Ak 3,
Xof WG P4 T 58 -1 (27% & (total ion chromatogram, TIC)
SYHT, BERE TR B 9 A AN S 0 B TR e S B RR Ak
B B TR WA T LU, R RE T NIST23, fre/IMEHD
HFA 801, L5 245 SR M Uk 1 m ) e R 0 TR fif 23
FIEERCR A ). [FEE, 7EH R3S A: AR BT 551 T
HEFE IEFY I8 48 (C 1o~Coao) R 3R A5 AR B8 15 [) I LA 5545 &
P B 23 1 5% B8 45 % (retention index, RD#EATEM: . RI M
B A ():

(tx _tn)

RI=100n+100 —X—Nn2_ )
n+1_tn)

Ao n WA n AMRIETFEG GO G R 4R B ),
min; ty Al toe K IERIGERRRFAEIE HP iR T 5003 A F n Al
n+1 A0 PR BE B E], min, th<t<to o
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1.3.5 RIRFEL MBS E TS

TEFESR AL B AR ] 20 mL TRZSRE SO A
10 uL TMP AR (10 ug/mL), Bl 100 ng TMP, SR A
PR R A S WA T2 e i, BRI T 3 R4 T
M AR 0 C (ng/g iR A Q) FTR:
C= (S X Mis) )

(S§sxMj)

Kb § WL AL G YIETIR; Mis AR TMP BTk, ng;
Ss AR TMP IR M; R OFRFE R, g
13.6 RKRBREAFMHA

FEIEM{E (odor activity value, OAV) R IEHr #.4~
PR AE A SRR E S Tk, T ARG FR:

C
omeaﬁ 3)

K GO ERIERAY | S, mgm®, HARQ)TH G
HSRRIE 1.293 kg/m® SEATEAEE, OT MR AL S
i BRI, mg/m’,
1.4 HIREAE

BLF NIST23 32 K RUMHE R AL Gt T, &
A T 5 AR R R LR, 15 B R PR A B
B A ng/g. Microsoft office2021 #4758 4t 1T OriginPro
2024 £l EIAE . PRIRE; SIMCA 14.1 17 PCA | HCA,
OPLS-DA, % 45 & $% 5% 5 % Pk (variable importance in
projection, VIP){H; TBtools-IIZ27i|#&l; SPSS Statistics 29
PEAT B 7 2243 M7 (one-way analysis of variance, ANOVA)
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TR RIS . s FR2E . RIS MR R
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Fig.l Radar fingerprints of volatile compounds type in Chinese and
European Japonica rice
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Table 1 Differential volatile components of Chinese and European Japonica rice

F% PR E /min RI CAS %5 R EY [a=:N Rl P VIP
1 15.76 1239.67 3777-69-3 2-TF 3 Bk g CoH,40 1229 0.0330701  2.16481
2 19.85 1367.53 111-27-3 B CeH 40 1386 0.0056199  1.07328
3 22.54 1451.60 2548-87-0 S -2 W CsH,140 1434 0.0004908  1.29313
4 25.64 1551.54 100-52-7 i C;HsO 1532 0.0006146 1.68839
5 33.89 1839.20  25152-84-5 2 R-2,4-38 T HmE C1oH,60 1822 0.0001724  1.08145
6 38.43 2015.34 124-10-7 . RSP g VR R i C15H300, 2005 0.0098549  1.82645
7 39.03 2039.71 2345-28-0 2-+ T C1sH30 2021 0.0004967  1.13299
8 42.48 2184.90 112-05-0 ETR CoH, 50, 2181 0.0008177  1.44687
9 43.16 2214.40 112-39-0 T 2 C7H340, 2198 0.0019481  2.62881
10 48.29 2451.36 112-62-9 (2)-1 R H Wi C19H360, 2434 0.0155591 1.38378
11 49.22 2496.05 112-63-0 7R H i C1oH340, 2482 0.0096782  1.36582
12 54.02 2714.91 544-63-8 M IR C14H250, 2694 0.0007816  1.94015

s RIHIE R PMEALA WTE DB-WAX UI 515K I 915 B #5451 (retention index); Rl SCERHRIE K NIST23 Hi% & 1EAL-4 ¥7E DB-WAX Ul

R B R AR R
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Fz2 FESENESHERKIRERELMERS OAV SIER
Table 2 OAV analysis results of differential volatile components in Chinese and European Japonica rice
0AV F5

CAS %5 HRMEAEY [ {#/(mg/m") .

il e i i
3777-69-3 2-TF R J 0k i 0.0058 26.98+17.2 6.48+4.71 HOIR
111-27-3 1E 0.0056 4.51+2.64 0.07+0.17 P
2548-87-0 2 -2 J5 T 0.003 15.61£2.52 4.82+3.46 VS
100-52-7 R 0.75089 0.11+0.02 0.040.02 FEREIR
25152-84-5 R -2,4-28 I 0.000077 369.42+91.29 84.94+31.68 ARk
124-10-7 T L I VSR T
2345-28-0 2-F FLBE
112-05-0 ETR 4.6 0.0130.002 0.004+0.003 HHAE
112-39-0 A I PP 2.0 0.078+0.035 0.007:£0.004 F A
112-62-9 (2)-Th B2 H B
112-63-0 SV R Y
544-63-8 A R 10.0 0.008+0.003 0.00120.001

e BIERIE T HEIE < iR (hAYME BEIC S R ) ; &SRk T SmartDatabase_Aroma_TQ_SH-PolarWax” XBRE e . -

FORTCHI

3 Fr5itie

AGF5EFI T HS-SPME Arrow ¥4 GC-MS KAkt
TR B S E OAV e RTFEA T SRR E HAT
8 TR A SR R Ik Ay, T S v D IO KK B
HIFERAEAC S, SRR T VR (AR KK IR 17 G e 2 S
BTG -

RSEHE SR ZENG P I OR KA RS | iR
M2 | FR2S . MRS A ITE R B2 5 ORI ZEE A L.
R LR KOR A4 R o3 1 B B 25 5 5 LR A
2 FINE . SR . BOKAY A K R EE PR ST A
FOKRZEZ IR, RE2SHNBEAR . SAMb . KRS SO 2326 A
THIR S5 Ui B B W R — BB S | IS | BN TR,
TSI A A v SR S 7™ A kR | I M I E W 25 )
12 ARG HFH HS-SPME Arrow B4 GC-MS XK AR FE
AHEFTRIN G 4 ERZIA G I, SRR S
R—.

Wit i — B BUR A S R B, 777 A T E R K K
IRFEAHR IR 130 R L MEILE Y, 1A RICH R REAS
ki 129 FEERMEALEY); FEHR LG PR R A
ot A E RN FEA IR 22 5 . TEFER TR
it b, AR R I EREA S RO REAS (BT — RS D
F—5, BOAMEZE . BRSO, (HERE P E A A
wEZWNEY), TRRINFEA DRSS . g b [ 5 RROUEE
KA K MR A & 0T LA R B, o R ARG S 0 1
2 B2 BiZE. EW2E. MRS, MRS, MEmISE R AL A

W& B T RRNAE A, LA BRI A WA v [ 5 RO
7 M A e 2 SO N W, TR HA T A RS R Y
FERMERY, REHAWEE . AW WEK, #EHE
VR R AR A 8 0 4 I 0 B ) B A A I e I
6 PR 1R 0 R B BH S 2% 5, TS R R VR T IR D R AR
W E LR AL E LA B Strecker &A%, N8 WTBR A AL 27
SR AN AR, 8 A A B A 2 A i R
R FSURIE, KRS PAET AR AR, A
WA W K R R Loy vh BB R LR 4, ZRIAS
TR R S AR RS ) 5, Kol 90 i R 48 5 K R AR S 1) M XL
WREAT EE TR, AT TORDEIR . EF SR E . M
KA IR AT F K e U AL B AR A AR iR — g At Ak
Yo i, JEROKRE S iR A WA i B AR P A
i 7 P o e 5 R AR B AR e, AR TR B A R
PERRZSAL G . X2 T, A B KR B4, A
KRPRIGUS T4 N A AR . A . AR XU L R R
TR, MARHFE TR ERE RRET,

AHFFEEIE PCA, HCA, OPLS-DA K /3 #H# I HE ST
22 SRR AL S W A BT AT, UL R /R AN TR 7 . (7 X)) ¥ %
PERT SR 2 5, 4% VIP>1, P<0.05!" H 0AV>1171E
AN H (7 1K) 22 S PR RRAE B A O e B o, K 2- 18 S
MR . IECUEE . -2 . S aR-2,4-28 R 1k A Hh
] R R R 7 b 2 SRR R, IR S B AR AR
R R R B B BTk, 5 B BN PR A M L,
o EDEDR R R OAV 550k 28 H 1 T 5 -2,4- 38 — 0 T
(369.42), 2-1F L IEMEIR (26.98) . [ -2-SFHmE(15.61) 2 1EC
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