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Abstract; A headspace-solid phase microextraction/gas chromatogra-
phy-mass spectrometry (HS—SPME/GC—MS) was used to analyze
the volatiles of rice contaminated with Aspergillus flavus and their
ion chromatograms were obtained. Combined TurboMass and NIST
Search software. 26 volatile metabolites were identified in rice con-
taminated with Aspergillus flavus, including five kinds of
aldehydes, six kinds of alcohols, one kind of ketone, nine kinds of
hydrocarbons, one kind of ester, one kind heterocyclic, one kind of
organic acid, one kind of amine. Based on aflatoxin catabolism and
substance transformation in the rice, 2-hydroxy inferred-
propionamide and Heptaldehyde are typically volatile component
group, which would be used as typical markers to identify rice con-

taminated by Aspergillus flavus . but also provide a theoretical basis
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for development of early and rapid detection techniques for identifica-
tion of contamination rice.
Keywords: HS—SPME/GC—MS; Aspergillus flavus; rice; vola-

tiles

FEAT 2 ERZ 500 N Y M, 2t A R AR & 1
Yz —. REAFEN R R b 25 5 32 3 B TS Y R 5
AFEER PR ESER LS WIERANIEREE
RN — KA TR BRBEUEYY Y, W, F R
ARG U 028 S R AT R Bl A TS Y 0 O kDR IE AR AR
B A& e A EE NI L,

AR T3 1 A (GC—MS) 1] % 5 A1 4k 4 W F 17
TR 03 B R S L 2 SR AR R AR R R D — 1k
f14 T50 2 36 4 2 B CHS—SPME) B i B A B 45 AT\l 231
Xt E AR R B R B RN S e T A AT
K F GC—MS XA [ I 98 B[] e 4 B o 19 T 2 SRl AT T
8 R4 BT IR FT T 4 S ke 4 1 200 R 25 5 0 e 1) LA
R A8 bR Z A 2 7 KA ST A HS—SPME/GC—
MS $ AR St A [l I 88 4% 14 T A8 48 B 1 988 0 40 o kA7 U 5
F B4 53 M7 (PCAY WFSEAS [ A 48 K i 0] 82 400 i 1) 2%
St HETT 4R T RE A8 S e A A T A 5T R AE R R e
FILES A AR W TR E PR RIS YA
S A XA GO MS 4 BT TR [ 25 207 1 4
PAKK S JEORL 1 2K IR & 9 5% 1) 5 Sirisoontaralak %17 F
GC—MS BF5E T 4@ IR KOk 38 4k 4 5T Al & Bk A9 28 4L 5 Bryant
S IO R M e A BB B IR A T T AR 5T A R A
A MM Z R RS ES . U LR RI . BmeER
PERL S L5 REA 1 R R 4 Z T AEAE A SRR R

A5 A A W2k HS—SPME/GC—MS $ AR #F 5% 2 i
BT Y RE A AN [ IO 500 V) 92 R M B 7 A B AH 6 STk . A

49



Ze5wN

2016 % 8
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Figure 1 Typical chromatograms of blank rice samples

under different storage time
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Figure 2 Typical chromatograms of rice samples contaminated

with Aspergillus flavus underdifferent storage time

PR 5 - 4 RN o A S A AR [R] CHLRLEE 90 LA 1) W8k R
LA 1885 pm CAR/PDMS i )2 1) SPME %8 I 3k 36 4 M )
W6 A 92 1 0 9 4 - A R b B AT R R R R 4 R
W2,

M3 2 Al AL, 2 F HS—SPME/GC—MS # i H 3% il %
5 YR R AR T R M A Sk 26 B, S [R] I A A U] 1 2 it
BTG PR A T R LA R R BUM IR] 1 2 L I 2 L
RKRFL R E Y, H B 5 A, B 6 Fb . R
2 1Al s 10l H A4 R M oy 4 B R A0 B 2K
Bt 2 10 R AR08, HOROR W (WEJS R 2 L 4 IR S S 2k
AR, 30 d 5 B R /¥ BT 4, 5-J5 - 4K IR L )
37 S 115 TR 0 U 07 R 7 T i L L 1 -3 L 2T
FEWR IR S BSWEL2-T B 1R, b 486,10, 14- =
B2 FLR ARG
23 ZEAMNBEASZTHEMESEBANERERS AL

25 [ ORT HE R 4 A T M0 (8] 4 R M B 43 il 28 AR AE R KL T

51



Ze5wN

2016 % 8

ARV YRR A R 5 d 5 G 15,30,50 d BT A 3 1 #5
R AT R AR R K B At 8 TR I S YL B 5 RRIAR
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Table 1  The volatile constituents list of rice extracted with 85 ym CAR/PDMS
5d 15 d 30 d 50 d
B e e 1R {5
o X rE s o bar 4k o P o IR EAS
[8] / min [8] / min &) / min [ / min
515 O 519 O 515 O 5.15 O
1415 2- R Iknkmg 14.20  2-p L0k G 1414 2-gIknkng 1414 2- R IEnkng
15.04 K 15.08 s 15.03 RS 15.03 s
15.55  2,3.3-= Rk 15.62  2,3,3- = Mk 15.53  2.3,3-= WKk 15.53  2.3,3-=H %
18.41  2,4,6 =HI I L 18.48  2,4,6 =HIFEI ke 18.39  2,4,6 =HIFE3tpe 18.39  2,4,6 =HI 54
3,7, 11-= H -1+ 3,7, 11-= H -1+ 3,7, 11-= H #&-1-+ 3,7, 11-= HI H-1-+
19.79 19.85 19.77 19.77
R -y - -
21.48  4,6- W+ —%x 21.54  4,6-"HI A —fr 21.45  4,6- WA —hE 21.45  4,6- "W+ —4x
20.17  BEfE 20.14  BPEpE 2012 BEE 20.06  BEfE
2177 T 21.89 T 21.83 T4 21.83 T4
22.37  2-Z H-1-3%pE 22.44  2-Z H-1-%%m 22.35  2-Z H-1-%pE 22.35 2 -1
28.69 LR 28.69  BLK 28.67 B 28.67 B
33.32 A6~ HIE 33.38  A4.6-THIH Tk 33.32  4.6- T HEE Tk 3332 4,6- T
34.95 S =hiliE 34.98 S =k 34.94 Bt =uE 34.94 Bt =upE
35.51 2~ T 3-1-3¢fx 36.54 2T H-1-¢fE 35.51  2- T HE-1-Ef 35.51  2- T HE-1-EpE
36.02  2-CLHk-1-oEpE 36.05  2-CHk-1-oEm 36.01  2-0C0Hk-1-opm 36.01  2-C Hi-1-SEfE
36.38  2,6,10-=H A+ "4 3642  2,6,10-=HIIE+ k5 36.37  2,6,10-=FIFEF k% 36.37  2,6,10-=HEE+ T
37.01  2,6,10-=HEE+FHkE  37.04  2,6,10-=WIHE+ Tk 37.01 2,6,10-=HI3+ ks  37.01  2,6,10-=H I+ ks
2,6,10, 14-p4 H 3 2,6,10, 14-J0 H 3 2,6,10, 14-J0 B 3t 2,6,10, 14-J0 H 3% |
47.13 47.21 47.18 47.18
v VAV VavsH VavsH
2,6,10, 14-Jy HI 3 2,6, 10, 14-p4 B 3t 2,6, 10, 14-py B 3 2,6,10, 14-py FH 3£
49.40 49.43 49.41 49.41
Lk Lk Lk Lk
— — — — 57.64 Ak 57.64 T —kx
6,10, 14-= H JE-2-+ 6,10, 14-= H 3 -2+ 6,10, 14-= I 3£ -2-1 6,10,14-= H % -2+
58.42 58.42 58.41 58.41
T T T T
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Table 2 The volatile constituents list of rice contaminated by Aspergillus sp. extracted with 85

®2 8 um CAR/PDMS ERMEMESLEBENELER S TR

pm CAR/PDMS

5d 15d 30 d 50 d
Eii: AL/ py s Eiﬁ [AEL P Tji:i lasx ER giii asx ER
1.34  HWRR 1.34  HEAR 1.38  WHEM 1.37  HER
149 2-JR K-V 149  2-FRRE- 152 2-FRIL- AR 152 2-FRIL-AmER
422 2ECA-MENRRTEE 421 2SCAWERMTEE 425 2RCWIENMTEE 425 254 TENR T
517 O 517 OB
9.27 B 9.27 Pifig 9.30 PEg 9.27 PEg
13.69  1-¥4-3 e 13.69  1-2¢45-3 B2
14.20  2-pR KLk g 14.20  2-JR Lk g
15.10 2R 15.10 2@
15.61  2,3,3-=F Sk 15.60  2,3,3-=H MKk 15.62  2,3,3-=HI Lk 15.58  2.3.3-=H3E Rk
18.47  2,4,6 = HIFEZE LR 18.45  2.4.6 = HIH:I%4% 18.48  2,4,6 = HIFEZE SR 18.43  2.4.6 =HIFEIE L
- 3.7, 11-= g1+ L8 3.7, 11-= g1+ Lo.g7 3.7, 11-= 1 J-1-+ 1083 3.7, 11-= M -1+
TR - R )
21.53  4.6- " HHEEA—k 2152 4.6- Ik 21.54  4,6-ZHIEA—hE 21.50  4.6- Rk
21.82 T/ 21.89  FEE 21.93 T 21.89 TR
22.43  2-ZHE-1-%8[ 2243 2-ZH-1-%%p 2244 2-ZH1-B$fE 22.39 2-ZH1-%$fE
2872 B 28.73 % — — — —
33.36  4,6-HIEA T 33.35  4.6- T HIHEEA b 33.36 4,6 - HIE T 33.34 4.6 - HIE T
34.98 S =kumE 34.99 S =k 35.00 S =i 34.98 S+ =kEE
35.54 2T -1 35.54 2T H-1-¥EE — — — —
36.06  2-C - 1-SE 36.07  2-CEE-1-EEE 36.07  2-C A1 36.06  2-CH-1-¢R
36.40  2,6,10-=HIHE+ T 3641 2,6,10-=HMEF T4 3642 2,6, 10-= TR 36,40 2,6,10-= U T
37.04  2,6,10-=H M- Ffiks  37.03  2,6,10-=HI T Hhk  37.04 2.6,10-=FHETHE 3703 2,6,10- =R FkE
720 2,6,10, 14-p0 I 3% 1720 2,6,10, 14-j4 F 3 1 1799 2,6,10, 14-g F 3+ 720 2,6,10, 14-y F 3+
NbE AV NE 7N e
oo 2,6,10, 14-pu I 3% + ol 2,6,10, 14-py H 3 + 1043 2,6,10, 14-y H 3 + 104 2.6,10, 14-Py i 3
Lk ki L L
- = — — 55.07  4.5-A-RK 55.06 4.5 A- SR
5770 Th—x 57.67 T — — — —
ss1o 6,10, 14-= I }& -2+ 54 6,10, 14-= H J-2-1 B B B B
TR T i
3 FANBEASNMENSESLBATIEZELERIER
Table 3 The volatile components of blank rice and rice contaminated with Aspergillus flavus
1 eg B TS 1 B8 B S i ¥ B EySho)
/] /min 5 dfEa [d] / min 30 d FE 4 7] / min i R
.34  HEm 1.38 AR -
149 23T Bk 149 23T B — —
422 2-G-A-WIETNIR T FR 4.25  2-G-A-WIETNIR T FR - —
5,17 o — — 5,15 o
9.27 B 9.30 PR - —
13.69  1-F4f-3 B2 - = - =
14.20 2~ Lk g - = 1414 2~ Lk g
15.10 ¢ - = 15.03 ¢
15.61  2,3,3-= MRk 15.62  2,3,3-=H MRk 15.53  2.3.3-=HI Rk
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ik 3
14 B4 B liEEAEP i B8 B B 9 Einy Ey=ho)
] /min 5AmAE [&] /min 30 d & li1] / min TR 45
18.47  2,4,6 =HIH:2% % 18.48  2,4.6 = HIF:5% b 18.39  2.4.6 =HIHEI b
19.85  3,7,11-=HI 31— i 19.87 3,7, 11-= Wl J-1-+ — i 19.77 3.7, 11-= W -1+
- — - — 20.06  Pip
21.53  4.6-"HIEE k% 21.54 4,6~ I — 21.45  4,6-—HI A —
21.82 E 21.93 @ 21.83  T®
22.43  2-ZH-1-%PEE 22,43  2-Z. K-35 22.35  2-Z.H:-1-3%W
28.72 LR - = 28.67  BEWE
33.36  4.6-"HIEt 33.36  4,6- "I+ 33.32  4,6- A
34.98 St =il 35.00 R+ =il 34.94  HZhEm
35.54  2-T HL-1-mE - = 35.51  2-T Hh-1-2¢p
36.06  2-CLHL-1-FEE 36.06  2-O H-1-¢ R 36.01  2-CL3E-1-%
36.40  2.6.10-=HI 3+ — k% 36.42  2,6,10-=HF &+ 4 36.37  2,6,10-=H 4 =
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Figure 3 From pyruvic acid to 2-hydroxy-propanamide
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Figure 4 From heptaminol to enanthaldehyde
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