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Simultaneous determination of 13 kinds of flavor compounds in rice by gas
chromatography-tandem mass spectrometry

ZHANG Lu-Wen, HUANG Shi-Yu, GU Guang-Zhi, MEI Ying, CHEN Yan"

(Shanghai Institute for Drug Control, Shanghai 201203, China)

ABSTRACT: Objective To establish a method for the simultanecous determination of 13 kinds of flavor
compounds in rice by gas chromatography-tandem mass spectrometry (GC-MS/MS). Methods The sample was
extracted with 25% ethanol solution, followed by liquid-liquid extraction using dichloromethane. The lower
dichloromethane phase was filtered through anhydrous sodium sulfate and subjected to high-speed centrifugation.

Separation was performed on a DB-5MS column (30 mx0.25 mm, 0.25 pm) with a programmed temperature.
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Detection was carried out under multiple reaction monitoring (MRM) mode, and quantification was achieved via the

external standard method with calibration curves prepared using matrix-matched extract. Results All 13 kinds of

flavor compounds showed good linear relationships within their respective concentration ranges, with correlation

coefficients greater than 0.990. The limits of detection and the limits of quantitation were 0.5-5.0 pg/kg and 2.0-20.0 pg/kg,

respectively. Spike recovery experiments were conducted at 3 different levels in rice matrices, and the average

recoveries were in the range of 81.55% to 115.10%, with the relative standard deviations varying from 1.6% to 6.3%.

Conclusion The developed method features high sensitivity, accurate qualitative and quantitative results, simplicity

and high efficiency, and is suitable for the simultaneous determination of 13 kinds of flavor compounds in rice.

KEY WORDS: flavor compounds; rice; gas chromatography-tandem mass spectrometry
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%% (gas chromatography-mass spectrometry, GC-MS)2* 281,
HIEAE—E RFR: HPLC 7K 5L 24 91 43 i vh Rl
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AR, 6-HRFEGR, T-HARFEE ., 7-28H4-
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THEAE T000E GC/TQ A 3%~ R BR T L .DB-5MS
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VIBRAX VXR % 2 (7 IKA 23 ]); BRANSON 7 {2
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1.3 ZWFE
1.3.1  ARBZEIREH

B RGP VA W 43 0 e R TR T v B O
100 pg/mL MFGERBMUEYIREAR 0.1 mL, 2-Z M0k
BE . 5,6,7,8-PUE MEN2MKAS 0.2 mL, 2- P BESEAENE | 225 .
IR/ 2LER, ZHFLR, ZHEEMSL 0.4 mL, 2-20
MEEARES W 1 mL, BT 10 mL A&, =8 me:
TR O R BB TR Y 1 pg/mL, 2-Z Mkl
WE . 5,6,7,8-PU S MENRIR ST = vk B 34 2 pg/mL, 2-P Itk
WEL FEER, FRELR, LEFLER. CEEEmER
WA R 4 pg/mL, 2-Z BENLER TSN 10 pg/mL R4
FRAE TRV, F-20 °CLRAE, MLHRAE SR vk B ¥ el LA 23
PR it SR o B B I 1) 2R R B e AR, I PRI
1.3.2 #enaras

HERFREL 5 gCHEHfi 220.001 g) KoK BT 50 mL #5004

o, HERRINA 10 mL 25%ZBEA RS TRE 5 min, PRIGIZEL
5 min, BUBEREENIA 4 mL —&H e 7% 5 min, L4600 /min
4 °CIRIRE LIFBUF Z -EH 2, &1 g KRB g,
L) 14500 r/min 4 °CARIRE.OF R LIER, it GC-MS J5E .
133 &#5mitsitt

SAEIES B SR B DB-5SMS E 41454 (30 mx0.25 mm,
0.25 um); WA MAE KT 99.999%H4i AR, Wm N
1.0 mL/min, BEFETTIREEN 250 °C, AN4riadbht, dhftik
BUA T uL R FHR AR BT . WA IR 4ERETE 80 °C,
PFF 2 min J5, LA 10 °C/min AT 2 200 °C, F4£F 1 min;
Wi J5 FHRR 25 8 h 60 °C/min, FFE 280 °C/5 {34 5 min.
HLB RIS 230 °C, fRHIZIE N 280 °C, MBI RER
70 eV, 4 min BHIER, £ K0 I (multiple reaction
monitoring, MRM)#E, SEHL HARA SR, 13 Fhf Al
CEYBIZFR . 58 B 1) A R A A 9 0 5 2 40 0
=1,

F1 13 WHERBRD RIES TS ERRERE

Table 1 Mass spectrometry analysis parameters and retention times of 13 kinds of flavor components

=2 MY 15 B3 15} [ /min 5 F(m/2) TET(W2) e eV
1 2-Z, Tk bE 6.923 109.0 94.0 >
66.0 25
94.0" 5
2 2-Z Pk g 6.353 122.1 43.1 25
80.0 15
52.0" 35
3 29 Pk Lk IE 8.086 135.2 79.0 15
107.0 5
4 5,6,7,8- VU & M WE 9.242 134.0 119.0 15
106.0 15
132.0° 5
5 6-HIEFE G R 13.94 160.0 78.0 35
104.0 15
- . 148.0° 5
6 T-HAREFER 16.11 176.0 330 3
148.0" 15
7 7-CERHE-A-HHE G R 19.39 204.0 120.0 35
176.0 5
8 CAKFER 11.69 148.0 1200 >
91.0 25
77.0" 25
9 R SOy 3 12.76 166.0 136.9 15
95.0 15
_ 118.07 15
10 FEER 12.42 146.0 90.0 >
123.0° 25
11 FER 11.78 152.0 81.1 25
108.0 35
70.9" 15
12 LK 2y 8.948 140.0 97.0 15
111.0 25
13 IR 12.51 137.0 109.0 15
81.0 5
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2.1 FRiEEHEM
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Fig.1
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MRM chromatograms of the 13 kinds of flavor compounds
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L 8
w 05
0.4+
7
0.3f
0.2f
\
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SKAERT ] /min
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Fig.2 Partially enlarged MRM chromatogram of methyl vanillin and ethyl vanillin
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W FORFE S SE TR R R 42 2%, o bRt
TOKBBEAMIER . 2. TP, g4ER. iERKIE
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. MERZSFNNLIE AL A W AR T A R, AR
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£ 3 0y, 5% 3 P LB R AL, LI 3,45 R0,
Sl K AR IR VBNV, A — 5 H ) O B R B
JE RN, SEEBUE TN 25% FERT 13 P A o
1 ENSCRTE 80%~120% W [l 1A, 24 38 B 5 Sy 2l K AR I
BRI 5843 Ak A A7 A0 56 8300 3 9 DA KA Ak A T,
DR g SRIUE RN 50%2. 8, FICRMmAE, 2L,
AR IERE FH 25% 2, FdE R H B 7
232 FRENfeRBMmAL

AR AE O AT RE R L IR 47 . JE 5
HERAEWE R, SRR . BRI A B | R
B AEFAEY T BRI R E S E . EA
FARLRI FEEE . MR RIMLIE X I B R 52
FRE YRR RIAL T . [FIRS AT A R 2B OK R TE R . B2

= 10%Z

[===P¢

EMT IR, WA LA KA A2, ATA 0K B AR
Y5 K A KIS PR BV P SE IR 40 B, b A I T 3 £ 3
FEBY = A R I TN, A AR, SEEUEAS H AR 0 AL
A, PR G I SRR, T A IR R AT A A U
KB, T LMY AR, AR,
AL CROTR . CEHENZERIE R, PATHAE 3 K, %
524 FAEIUA R AL BCECR, ILIE 4. MAEEUE Ry — &
HBERT, 13 PR RO SR KT 75%, T3 3
FHAEBOAT o R, ABFFT e 5 e b ZE A 7
Nt — R E AR, AT X G R e 1 S AR U 5
M RFEA P — 2 Ak . TR %48 2 mL. 4 mL S H b
YRR AL ISR, SPATHEAE 3 1k, DI 5. 25 R0
MEEBOAFIATR LS 4 mL NABUS BIBCRTE 80%~120%
TN, 4 mL AEBOAFIABUE H, Rl i o mio ik £
i, WA A B RIABCY 4 mL.
233 REmLitEER

AR FACRIR AL, %588 T AU A2 AR
SRR WIS Z 25, TATHAE 3 1, & 1fRiks
Y2 IR TSGR B R IR AR, W 6. SRR IT k£ 4%
B A R e 46 B ERE A B o TR B B AR U TR &
14500 r/min 4 °CHEIRENL 0.2 pm A HUHTIE B 385 )
TR e, &2 36 22 RA IR U8, =24 FRE
T MR FERTAE A BRR 14500 r/min 4 °CAIRIR BS
N

24 EFREWN

AR5 308 FH T B BB ISC 1 P A o4 il £ -5 3 5 T A
P 20 SR A, A B e T R AR AR L

= 25%Z. == 50% %

13F0AENE A

B3 13 B RTAITE 4 FERIRGA A H BRI Y L (n=3)

Fig.3 Comparison of the extraction efficiency of the 4 kinds of solvents on the 13 kinds of flavor compounds (n=3)
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B 4 13 FEAE A FE 4 FhAEBOAT P IR Y LS (n=3)

Fig.4 Comparison of the recoveries of the 4 kinds of extraction solvents on the 13 kinds of flavor compounds (n=3)
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Fig. 5 Comparison of the recoveries of the 13 kinds of flavor compounds extracted with different volumes of extraction solvent (n=3)
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TR IG5 B AN, W ZBEANTE; A EEE
TELFRL, D50 A7 A i 5 1 5 I 4 i o sk vy, 7 3 o
ER TG, LR R R, KORIEFRHS HirY

(2- PR T M D 2 R 242 2 9 ) B Ak o3 PR B 88 b 3R IXC ],
FAAE—E WL TR, Wk 2. AL B0, 7EC i
BUALRZEAFT, $R e A RER P, AFFEE 25 FL R
DK o B FBCIR C T b o4 B 2 0, 3 e T DC R 1) 5 23
BREESFONE, S TSI 45 SR A AT e
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3R ARRER
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Fig.6 Comparison of recoveries of the 13 kinds of flavor compounds without and after nitrogen blowing (n=3)
2.5 FESER T:‘_ﬁé#‘iﬁﬂ Ez% bRl %H’J’é R(Y)f’ﬁﬁﬂﬁﬂﬂj{ﬁ,

ﬁ%mﬁﬁ/iéﬁiﬁﬂ“%ﬂ%ﬁ@@ Z B A5 RN ) A
Xof I R S BT 2R A DG 5 vk A PR S e
Jo B B T i A o I VR B B B A, T4, Pl A &
B YREWE BN 2.5, 5.0, 12,5, 25.0. 50.0,
125.0 F1 250.0 ng/mL, 2-Z. kA IE | 5,6,7,8- VU 4w WE w4k
W51 5. 10, 25, 50, 100, 250 1 500 ng/mL, 2-P7
FEdknkne , FRE2R, F2E, CHEFHMOILF2
FIE R E 4514 10,20,50,100,250,500 F1 1000 ng/mL,
2-Z TR R MR 431 R 25, 50, 125, 250, 500, 1250
F1 2500 ng/mL W) RIBRHER W, 1ECIRALH GC-MS 444

#r, EEHT/EFFHQJ% 2 il 3 4R &F@Hﬁﬁ&*ﬁaé?é&
() PG R B r = 0.990 15 2R 06 3R R4 1 I B
o A BT A2 it B 4R 28 bRk, RAZS FTIORFE S
LT ISR MR B2 1 B AR, 448 DA 515 e Ee 430
SIN=3 Il IN=10 B, X g i B A2 40 o (e e B 22 1

o ZESLEREA, 13 PR A7 X I 1)k 3 B P e O
?%&ﬁ%, AHERB(NIILE 0.990 VL b, 2851 b vk
PRS2 KR TE R 0.5~5.0 pg/kg, i BRI R
2.0~20.0 pg/kg, AT KOK HPR S AORE A ARSI R
HARBHE 2% 2.,

FR2 BHBEBASERKRERPHEMEXR, ERYEEFETHIR
Table 2 Linearity, matrix effects and limits of detection in matrixes of the 13 kinds of flavor compounds
B S EY LML LA LppE FHEFREL K i B FE LR
/(ng/mL) (0] /(ng/kg) /(ng/kg)
1 2-Z kN 5~500 0.9979 Y=2492.15X-1713.81 0.9968 1.0 4.0
2 2-Z T 25~2500 0.9424 Y=598.323X-1857.16 0.9966 5.0 20.0
3 2- P T Rk 10~1000 1.2280 Y=88.3335X-168.138 0.9950 2.0 8.0
4 5,6,7,8-0 S M Wbk 5~500 0.9343 Y=631.237X-352.022 0.9952 1.0 4.0
5 6-HEFER 2.5~250.0 0.9025 Y=1358.31X-1144.10 0.9975 0.5 2.0
6 T-WEEFTER 2.5~250.0 1.0520 Y=1649.09X-1216.20 0.9982 0.5 2.0
7 T-LER-A-HREREEE 2.5~250.0 1.0130 Y=2177.91%X-1929.26 0.9985 0.5 2.0
8 CAKRGR 2.5~250.0 0.9642 Y=1535.39X+254.746 0.9983 0.5 2.0
9 HEA 2R 10~1000 1.1560 Y=852.973X-384.441 0.9956 2.0 8.0
10 HUER 2.5~250.0 0.9212 Y=1727.49X-552.447 0.9991 0.5 2.0
11 FER 10~1000 0.8308 Y=406.143X+17776.3 0.9973 2.0 8.0
12 LA 2Ty 10~1000 1.2250 Y=227.446X+36.0618 0.9986 2.0 8.0
13 LHFER 10~1000 0.9436 Y=507.207X+8914.75 0.9980 2.0 8.0
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252 wKREERMEE

R B Ty 1 v AR R S A, X s R
RS AT Iy 2 5%, DLRICR B 2 B, DI
5 MRS A AH X AR M J 22 (relative standard deviation, RSD)
FALTTIENE R o SER AT A RN %25 1 ROK B 5t
AR, DUERMR ., 2 fE SR 10 € i FRAE &1
WIAEE PSS I BE KT, 2% Bl Ak 5 P8 T B2 K- L

23, BRI EACE AT % 6 hAe 5L, AR 3E IR
JEIRE SR RTAL R 35 5 GC-MS/MS K6 4% {1 5¢ )y k2
FEGAHTINGE o SCIRLE LR, 13 FEEAH N FEARFIIAR
KT, E bR Bl 81.55%~115.10%, RSDs
K 1.6%~6.3%, 45 f5 I 4 [ 0 2R 3 0 AR TR R R
60%~120%, RSD<20%. - iA4%5 530 2 IR it 4B ) el
JE 50 B (A DGR, U B I vk A T S R

R3 BHEBRAERKRERPHMAREYZEF RSDs (n=6)

Table 3 Spiked recoveries and RSDs of the 13 kinds of flavor compounds in rice substrate (n=6)

B i ke S Y I K
(ng/kg) e #/%  RSDs/% N(nglkg) EIC%/%  RSDs/%
4 98.51 3.3 2 100.40 3.8
1 2- PN Iz 8 92.48 2.3 8 ZABER 4 96.37 3.7
40 82.59 1.6 20 100.30 2.4
20 103.3 2.6 8 110.90 3.3
2 2-Z kR 40 88.22 3.3 9 FREF2ER 16 103.90 4.2
200 84.64 3.1 80 100.30 2.4
8 101.30 5.6 2 103.80 3.8
3 2PN It B i e 16 103.40 2.2 10 HFUR 4 103.60 5.7
80 95.78 6.0 20 100.80 5.1
L, 4 89.45 2.9 8 104.00 22
4 5’6’7;;'];?%% 8 90.60 2.5 11 TR 16 99.89 3.8
40 97.67 32 80 95.25 2.8
2 111.90 3.3 8 106.40 3.0
5 6-FHIFEHE 4 105.10 53 12 CHEEAL B 16 106.30 2.4
20 101.70 45 80 81.55 5.0
2 104.80 4.1 8 105.30 6.3
6 T-HERFLER 4 113.20 1.9 13 CHF=2ER 16 96.37 33
20 101.10 4.0 80 97.99 4.7
2 115.10 2.5
7-5%%-4-&3 4 115.10 2.2
RETR
20 101.50 4.1

2.6 SEFRAE RGN

Skt — 25 B I i A ST ARG D vk A PR S T R
AW 26 LU b . A ] SRR RORFE
TR A I 437 LSS UE Jy i T AT . IOK SR HE 2R
ek FRAK . KRR FOFEFKREZAMNI,
A BE b e AL R MR AR 55 GC-MS/MS il
AT A, [ e A ARG v AR 2 R i A A
I IBRAE i DABA PR AG I 285 SR vl . K25 SR 2R, 26
HE AR G R A 2 R A, K VR B LA
23.1~221.3 pg/keg; 1 fEURAE A S C 5L 2F Wy, Ao th ik 2
9 22.6 pg/kg, 2 MRFEGLRTIE 2- L WEILIE, o HH ik B2 4301
1 5.7 ug/kg Ml 6.8 pg/kg, 1 JLUWAE KT 5,6,7,8- DU S IR

M, KN 14.5 ng/kg, HARTRE M IARKH o #53C
BR[35-36]43H, KK & A R 2K, K4 )RR
TiX g, SRS IORMFN O AT I (A R PR AT 3R 535 )
FEIN, ISR S o VK RS I RS B ok h 2
R G HA AT R, O B PRk P AT 5 S g

3 WiR55ER

A 5E B B 0O A AR S R SR A B R, EE ST
GC-MS/MS [RIEHIE KK 13 FhEAG A BT 75
T 36 A €8 T DT TS SO TR B A T
BOUF, FF30 20 5 RN (19 2 B 37 T LASE BT ORI AR
HERRZR MR E B, S5 AL 13 Pl R o7 %o 1oL A e
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BE S R PR A S AT, AR REI ™ T 0.990, LA
KA N 5 B L B AT 3 NI BE A B I (el it
I, PSR E R 81.55%~115.10%Z F], RSDs H
1.6%~6.3%, 453357 & IR w0t 43 A X M B 5 55 8 9 A AH
KILR, AU, REFR-FRIH SR
IR O AR R A SRR F AR e
i\m%%ﬁaﬁi%%ﬁkm§M1sﬁ§Fm%hm
FEFE T RGN i R FCR [, SIS T,
Wit GC-MS/MS WM SHUTHRAE Ty, DL R AiAb 3 A1
1k, T IrE B METE . LAY R U AR (R R
Pk, TSR RS AR R Y S F RN, Be

BYRANIAE RN o S8 L, AT HAA B A B
R, MR RIF. REUS SMEFIER MRS, Reig
IO 13 Fp RS A AR A i [ B A 75 >R, AT
SR BB IR B A3 ) M TR $R D) S AL
BB, B E 2R TAER AR TS M 7 ik
P SR, ABFTT AT — SRR, EXSEbRRe i ok
Fa BRI A RN, TOEBTIOR P & RS 2
FARAETE, 18R 258 il 454 B IF S 5t 3082
R A A A 55 AR R AR, BRI 22 AR IS (Y o
HLE GRS KR .

SECHE

[1] Ma R, Tian Y, Zhang H, et al. Interactions between rice amylose and
aroma compounds and their effect on rice fragrance release [J]. Food
Chemistry, 2019, 289(8): 603-608.

(2] PhBIRE, 20T, ARBERN, 55, BUEROIE ORI RA R 1,2-79 R
[7]. FEE SN, 2018(6): 151-154.

Sun Mingzhe, Ai Xin, Ren Xiaoyu, et al. Determination of 1,2-propanediol
in rice by iodometric method [J]. China Food Additives, 2018(6):
151-154.

[3] Spink J, Hegarty PV, Fortin N D, et al. The application of public policy
theory to the emerging food fraud risk: next steps [J]. Trends in Food
Science & Technology, 2019, 85: 116-128.

[4] 7R, 4B, BRBE, SF JORFRT AT RPRETTR D). iR
BB, 2011, 47(5): 72-74.

Yan Jun, Li Renwei, Qu Jin, et al. Analysis on the components of rice
flavor product [J]. Food and Fermentation Technology, 2011, 47(5): 72-74.

[5] 3KMS, ¥, FEmH. KRR M0 BUR B 32200 4 AP RIBT ).
ShLSERELL, 2024(3): 154-156.

Zhang Peng, Wang Dan, Wang Lijing. Application status of rice flavors
and safety analysis of its main components [J]. Brand & Standardization,
2024(3): 154-156.

[6] Mert A, Qi A M, Bygrave A, et al. Trends of pesticide residues in foods
imported to the United Kingdom from 2000 to 2020 [J]. Food Control,
2022, 133(Part A): 108616.

[7]1 Hironishi M, Kordek R, Yanagihara R, et al. Maltol (3-hydroxy-2-methyl-
4-pyrone) toxicity in neuroblastoma cell lines and primary murine fetal
hippocampal neuronal cultures [J]. Neurodegeneration, 1996, 5(4): 325-329.

[8] Steinemann A. Fragranced consumer products: effects on autistic adults in

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

the United States, Australia, and United Kingdom [J]. Air Quality,
Atmosphere, & Health, 2018, 11(10): 1137-1142.
Kulsoom D, Sarah-marie A E D, Sun Y C, et al. Ethyl maltol enhances
copper mediated cytotoxicity in lung epithelial cells [J]. Toxicology and
Applied Pharmacology, 2021, 410: 115354.
Peng Jinfeng, Yang Yang, Zhou Youping, et al. Headspace solid-phase
microextraction coupled to gas chromatography-mass spectrometry with
selected ion monitoring for the determination of four food flavoring
compounds and its application in identifying artificially scented rice [J].
Food Chemistry, 2020, 313: 126-136.
Sanghamitra P, Bagchi T B, Chakraborti M, et al. Development and
validation of HS-SPME-GCMS/MS method for quantification of
2-acetyl-1-pyrroline in rice cultivars [J]. Journal of Food Science and
Technology, 2023, 60(3): 1185-1194.
Hopfer H, Jodari F, Negre-Zakharov F, et al. FHS-SPME-GC-MS/MS
method for the rapid and sensitive quantitation of 2-acetyl-1-pyrroline in
single rice kernels [J]. Journal of Agricultural and Food Chemistry, 2016,
64(20): 4114-4120.
Sriseadka T, Wongpornchai S, Kitsawatpaiboon P. Rapid method for
quantitative analysis of the aroma impact compound, 2-acetyl-1-pyrroline,
in fragrant rice using automated headspace gas chromatography [J].
Journal of Agricultural and Food Chemistry, 2006, 54(21): 8183-8189.
XN, AR, SRR, SF. RRORRH R - PUZUR /B S UE B e 43 BE
& 5 K b DU R R (0] BUACR A B, 2024, 40(6):
303-310.
Liu Yun, Li You, Zhang Shuran, et al. Determination of four flavors in rice
by high-performance liquid chromatography quadruple rod/electrostatic
field orbital trap high-resolution mass spectrometry [J]. Modern Food
Science and Technology, 2024, 40(6): 303-310.
BRI, FRE, R4, S5 RO G Tk R e e A 2
By, CHFZFm . F2EHR, PREFLRAOEF 225 FERD). &
i RN 4R, 2016, 7(7): 2690-2695.
Chi Qiuchi, Li Xiaowen, He Jiajin, et al. Simultaneous determination of
maltol, ethyl maltol, vanillin, methyl vanillin and ethyl vanillin in soya
bean milk by high performance liquid chromatography [J]. Journal of
Food Safety & Quality, 2016, 7(7): 2690-2695.
SR, JH T, SRR, SF. A F S AH 2RI R S RO €S- ik
FRER R E SO & 22K R 2R CREFER . HFEH]
BACED S, 2022, 28(21): 134-138.
Zhang Shuquan, Zhou Ruizhen, Yi Huajuan, et al. Simultaneous
determination of vanillin, methyl vanillin, ethyl vanillin and coumarin in
rice by fully automatic solid phase extraction-ultra performance liquid
chromatography-tandem mass spectrometry [J]. Modern Food, 2022,
28(21): 134-138.
T, AR, R, A RO - A I T R I A
PR, LA AR WIEEF L RMOERF 2R &
LA TR IR, 2017, 8(7): 2555-2562.
Ning Xiao, He Huan, Jin Shaoming, et al. Simultaneous determination of
vanillin, methyl vanillin, ethyl vanillin, maltol and ethyl maltol in foods by
ultra performance liquid chromatography-tandem mass spectrometry [J].
Journal of Food Safety & Quality, 2017, 8(7): 2555-2562.
X5, FHI5F, XU, 4. QUECHERS/H SALHOMT €3 IR BT 14 ]
B E KOk 16 M R ANE 2L R HATAYII]. AT,



%5 13 3]

SRYIC, S UM - A3 I R I R ROR R 13 R e A 12 183

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

2024, 43(2): 254-260.

Deng Nan, Yin Fangping, Liu Chuan, et al. Simultaneous determination of
16 coumarins and vanillins and their derivatives in rice by
QuEChERS/ultra-high performance liquid chromatography-tandem mass
spectrometry [J]. Journal of Instrumental Analysis, 2024, 43(2): 254-260.
SAER, BRI, B, SF. B S AORORH (- HR IR T R I S R
FeREAS R RIRT 22 R [I]. S 3sA, 2024, 2(1): 46-51.

Wu Zhengshuang, Liang Chiqgiong, Luo Ruilian, et al. Determination of
naturally occurring vanillin in rice and paddy rice by ultra-high
performance liquid chromatography-tandem mass spectrometry [J].
Laboratory Testing, 2024, 2(1): 46-51.

JEISETH, FHi, ek, 55 WM G-I E KO 3 A
R[] ATk, 2024, 45(3): 323-326.

Zhou Meili, Wang Rui, Lu Wei, et al. Determination of three vanillin in
rice by liquid chromatography-mass spectrometry [J]. The Food Industry,
2024, 45(3): 323-326.

VAT, T, AIE, SF. WO (- RIS R E Kok R 7
RIARIT]. MRS hAg, 2024, 37(3): 154-157, 162.

Xin Ruozhu, Ding Mei, Li Zhiyuan, et al. Simultaneous determination of 7
spices in rice by liquid chromatography-tandem mass spectrometry [J].
Cereals & Oils, 2024, 37(3): 154-157, 162.

MIRTGE, BRBE, MR, 6. R @A 5 e —HRED). &k
FRtih, 2011, 3: 14-16.

Tian Furao, Chen Yong, Ye Xuyan, et al. Determination of diethylene
glycol in toothpaste by gas chromatography [J].
Cosmetics, 2011, 3: 14-16.

kR, BEICHE, SRR, & SR @ISR IR ) 2- 2Bk
MHIELT]. R S DTl 2014(7): 60-62.

Feng Yongwei, Xue Qinghai, Han Chenmin, et al. Determination of

Flavour Fragrance

2-acetyl-pyridine in scented rice by gas chromatography [J]. Cereal &
Feed Industry, 2014(7): 60-62.

Lee Y S, Oh Y, Kim T H, et al. Quantitation of 2-acetyl-1-pyrroline in
aseptic-packaged cooked fragrant rice by HS-SPME/GC-MS [J]. Food
Science & Nutrition, 2018, 7(1): 266-272.

B0, EARER, TR UM @S- BRI R E A oK S A
5,6,7,8- DU MENRIRT]. AR AR, 2022, 30(3): 171-176.

Bao Zhongding, Wang Dongming, Wang Xiao. Determination of
5,6,7,8-tetrahydroquinoxaline added in aromatic rice by gas
chromatography-mass spectrometry [J]. Science and Technology of

Cereals, Oils and Foods, 2022, 30(3): 171-176.

K AR BIWEIEI]. BACE S, 2025(2): 170-172.

Lu Ming, Sun Zhiyi, Gao Xueqin, et al. Determination of 1,2-propanediol
in rice by gas chromatography mass spectrometry [J]. Modern Food,
2025(2): 170-172.

BN, TREE, BRERSE, SF SUMEIS-THE BRI ERRLL &8
2-ZTRIENLREIBRT]. (4335, 2010, 28(8): 782-785.

Ying Xinghua, Xu Xia, Chen Mingxue, et al. Determination of
2-acetyl-1-pyrroline in aroma rice using gas chromatography-mass
spectrometry [J]. Chinese Journal of Chromatography, 2010, 28(8):
782-785

XUFL, RIS, #ENE. K =ME2HKA GC-MS Wik &
i Tollr, 2022, 43(6): 315-318.

Liu Li, Zhou Xiangjuan, Zhong Lijun. GC-MS analysis of three vanillin in

[29]

[30]

[31]

[32]

[33]

[35]

[37]

[38]

rice [J]. The Food Industry, 2022, 43(6): 315-318.

RO, WISCHL, PR, S SORS AR INAER AR T R AT
FEHEE[T]. B e 451, 2023(23): 161-165, 170.

Li Peijin, Hu Wenmin, Hong Zechun, et al. Research progress on detection
methods of illegal flavoring ingredients in rice [J]. Journal of Food Safety
Guide, 2023(23):161-165, 170.

Ve, AL, JAJr, & IR R R EORBT S D], AT
FALRE Tk, 2024(1): 65-69.

Zhang Yang, Zhou Shanshan, Zhou Fang, et al. Research progress on
detection technology of flavor in rice [J]. Cereal & Feed Industry, 2024(1):
65-69.

Ik, AT, MR, AE BRI R WA R[] )AL
T.,2017, 45(21): 17-20.

Cao Lin, Qin Lixia, Kang Shizhao, et al. Research progress on common
testing methods about spice and essence [J].
Industry, 2017, 45(21): 17-20.

BUGE, IMEL EOYMe, A SR - H BT E £ PR TN
R HHERR & BE[T]. AR IR, 2026, 17(4): 338-345.

Wei Jie, Sun Min, Wang Fanghuan, et al. Determination of dilauryl

Guangzhou Chemical

thiodipropionate in
spectrometry [J]. Journal of Food Safety & Quality, 2026, 17(4): 338-345.
XGE, EEW, EFMWE, 5 U GRS PO B R E
[CRHEFAL A O FERS BA[0]. i, 2019, 37(11): 1215-1220.

Liu Tong, Wang Yujiao, Wang Xiujuan, et al. Simultaneous determination

food by gas chromatography-tandem mass

of nine flavor compounds in pasteurized milk by gas
chromatography-triple quadrupole mass spectrometry [J]. Chinese Journal
of Chromatography, 2019, 37(11): 1215-1220.

Wolt, SRR, BEM. SRR R U AL ] PR 1B o
D] BIITA—R B R, 2010, 22(5): 72-75, 95.

Yang Guang, Zhang Dongjie, Zhai Aihua. Study on microencapsulation
preparative technology of synthetic rice flavouring substance [J]. Journal
of Heilongjiang Bayi Agricultural University, 2010, 22(5): 72-75, 95.
PRIER, Phaese, EERM, & SORPNIRER RPN %
45, 2023(19): 76-78.

Chen Renxi, Sun Yingying, Wang Yujing, et al. Study on endogenous
vanillin in rice [J]. Journal of Food Safety Guide, 2023(19): 76-78.
RIEM, BRBE, PR, & SORPRAFLRNE SUED). &
i 1lk, 2024, 45(4): 299-303.

‘Wu Zhengshuang, Liang Chigiong, Luo Ruilian, et al. Determination and
study of naturally occurring vanillin in rice [J]. The Food Industry, 2024,
45(4): 299-303.

E A, A BT RO IR & 22 KA 5 AR IR B
HE L], &k Talk, 2026, 47(3): 295-298.

Xia Wei, Li Qi. Simultaneous rapid determination of vanillin and other
five essence in rice based on high performance liquid mass spectrometry
[J]. The Food Industry, 2026, 47(3): 295-298.

JEIEIS, TR0, X4, SF JORFIREA fh i 22 8 RGN K i s oy
HE[I). 477 AN, 2026(6): 96-99.

Zhou Haipeng, Yue Zhenfeng, Liu Dong, et al. Detection and traceability
analysis of vanillin content in rice and paddy rice [J].

Products Processing, 2026(6): 96-99.

(FriEsh st Shuesr k)

Agricultural



