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1 MBERE®
1.1 #HR5iH

FKE 9108, H1 VL I8 A T 2 I Il B 43 A PR A
AL BT R AL

NaCl(4rHr2lidh) JC/K LB (o Hralidk ) FLR
(Orbratide), i E 2550 A B /52— £ B -
1-MERE IR (93%) , N K tre I 5 C3~C25 1E4 b
J& & (98%) , 55 [H Sigma—Aldrich 23 & ; 2
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W2 (98%) 5+ F I (99.5%) E-2— Y- B (95% )
LW (99.5% ) 1-C B (99.5%) 3T H -2 —Till
(96% ) %R £ (99.5%) . . TR 1% B (99.5% ) . Z,
iz .6 (99.9% ) .7 4.k 4.5 (99.5% ) . & IR . g
(99%) . TR TE (99.5%) .4- . 4 K A B A By
(98%) . T (96% ) . C. % (99% ) E-E-2,4—JF —
W (90%) \E-2—"F 45 (95%) . 12 (99.8% ) \3—
WEWY I (98% ). TR (99.5% ) .E-2 Bi
(95%) MEWE (99.9% ) , L ifg Bl 4 T 1550 4 BR 2+ 5
1—F M5 -3 (98% ) 7K £ T (98% ) , Ak 5t A R
LW SRR (97%) 4625 — B R K (98% ) TN i
T-INBE (97%) \2,4-—BUT BEIK W (97%) 2~ 1% %
WM (98% ), H A TCI K 7 ;2,4 -2 & 5
(98% ) .2,3— 1% - Flil (98% ) . £ B (99.5% ) . M| W
(99.5%) . %W (97%). 1% (98%) E-2-T:J&
(95%) N,N-—"T Bt/ (98%) , |15 2 va bR A= Ak
B A BR 7] 5 2-BEER (99.5% ) , iR HLik A
FRA ] 365 B AR MR E S 20 B | BR bR IR 4B
Gl A ST R A, ARAR TR 38 R i g Al
il
12 UB5EF

SX-500 M & K Wi, H A TOMY 2 #l
FW80 AUR L, K 28 3 47 2 7] s TDL-60C A
BB OHL, 3EE Agilent 2 A ; TE4101-L AU e
F R, fHE Sartorius ££H ; EDAA-2300TH ##4
FPE VeSS, DR A R A E ;. T
HS-SPME i # &% i #5 1L 50/30 pm,2 cm DVB/
CAR/PDMS £7 4§k, £ Supelco 22 A ;DF-1018
B WE I BE PR N s RIS A BRA
7890A #I GC, ZE[E Agilent 2\ H] Pegasus 4D 7
TOFMS, 3 [E LECO A+,
1.3 RIEH*
1.3.1  FF 5 il &
13.1.1 KRR H & =% £ EEROKOK T
(1:1.2), MERRFRER 50 ¢ KK, in A 60 mL 4l 7K
(R KM L 0.06 mg/mlL J5 - ¢ J3 7L 1R 1 i A
ek AR RS I AR 2 B3 DA &
JEK BBy, 120 CZE & 15 min, K& 5 KRS
KA 1215 KSR 51 8 T AR 1 SR 5
A 60 Hz 20 °Cit 75 1 YA A5 45 5 30 min ([A] &
10 min BEPEY ) o FH & F 20 A0 57 1 o L 0E K T

PR, B A5 WAA A ¥ R 25 0B, 9 000 t/min, 25
> 10 min, B IE W F-20 CLRE H

1.3.1.2 KEEER SIS KOKRBEE, o 120 H
W i, KK EE A 125, FRE 10 ¢ KBy, A 50 mL
Aok B S, HBERZZEHHEBA 60
Hz 20 °C# 75 ¥4 Ve AU 7 42 B 30 min ([H] B% 10
min SEFEIE)) o S FH 20 A5 35 R BB 20 B Kok 42
OB, B A AR TV PR B0 HL, 9 000 r/min, 5.0
10 min, B 75 T 20 CIAAR & H L

1.3.2 HS-SPME il & #£ SPME T3z i o, #E
W H 5 mL KRARIZ $E .20 WL e B bR, A 2
g NaCl MW S e HE5% -+, %35 & T 80 CF-
10 min, &5 4 A & Akt i 2k 80 “C I Fff 45
min, Z Bk 5FE SRR 2 1 em, W25 A 36
A GC-TOFMS HE# F, #E#E I EE 250 °C, i pr
BBt 5 min,

1.3.3  GC-TOFMS %1%

1.3.3.1 GC %4/ FFAP {4i% 4+ (30 mx0.25 mm,
0.25 wm) , FHEF P SRR 50 °C, R/ $F 4 min,
Pl 4 °C/min FHE Z 80 °C, LA 8 °C/min JHE Z 210
C,HFF 10 min; 23 R & 4l He, 185 580, AN 55
THERE

1.3.3.2 TOFMS &/ HFZd (ED &k i
TFRERE 70 eV LM LR 250 °C; It & 45 4 [l
mlz 35~500,

1.3.4  JUid A ab ¥ 53 Hr

1.3.4.1 YA AARUaES AT, XA [H]
G3 T SR B R TAR A B DR B R E
TOFMS T fE3 H 47 #Y NIST 2014 %% , TOFMS H
SRR T 5 B BRI S I, 235 SR AR
SEUIH) T B R B B, R GC-TOFMS H 47 1
LECO Chroma TOF version 4D T.{F ¥ 347 80 P5
AbF NIST2014 3% ¢ H 3k & |, 5k UL IE BEAE 700
L Efe s, BB RS T fEAR R GC-
TOFMS 44 Tl % 1E# BEkE C3~C25 TR brxf I]
TR IOR NS0 M T o SR s R EOR E
(RI), 5 3¢ NIST #5 Ut 2 % 804 B 48 1 I ol
(https : //webbok.nist.gov/chemistry/cas—ser/ ) |- 7

() b 76 90 5 1) RTE HL 8 M RT(E %X (1) 1)
RN
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RI:IOOXn+100x;5:%L— (1)
n+l™" bn
A n BRI T & kR FECH A

1 ——FF b (4 A4 B I E)  min o, —— E A BEE C, 1Y
PR B[] min s g, —— IE A BEE C,y (1 B2 B IR]
min,

1342 sEwafr AN ER, e
(372 pg/L) A N bR TR I AN B B B 2 AT
TR S R — AR M KR I & 1, 35
AR (2),

cimg/L):%xFi (2)

A, C— it i 0w B, pg/L; C——

WERY S B9 MR we/L; Vi—— A AR S
AR WL, A ——TFF I 20 53 0 0 06 THT R A
WAL G Y S By W T AR V,—— W IBOR K 12 4 W
FE S AREL mL; F—— R AL 5 @ XF AR S AR X
Fr A B T, A A R A Ay 0 AR X R
ERF¥2h 1020,
1.3.43 JFiEHE  RENRIRM . ORI B K
DR B TR S U I A K AF 25 5%, S EBORE A
KM BIR—2, P AR e B A R 0 48
WAL A Y R (gL #0053 P B BURIT K A
R ARORIUIN PR K AR T 1 o eV B (g/kg) , BAARTHE
AR (3),

B,:(u«g/kg)=Ci><% (3)

A B——r B )5 4153 0 B PR RO g/

kg; C; YRR i FE IR PR P B R R, we/Ls
D BB IRTL mL; F ¥ 5 42 BURT A R
H,e,

o JOHE 5 FR ORI 3R 1,

F1 SHERRRAIREMNS LRRRERICE
Table 1 Summary of weight and volume of centrifugal

extracted liquid of three samples before extraction

A S o E g B8 i% 32 iR AR AR /mL
Kby 10 34
KAR 105 65
Ha R K AR 100 155
1.3.4.4  FFAE J1E (Odor activity value, OAV)

X RS e B E TR OAV, BARIT

BALWA @),
0AvV=C0 (4)

Bi

K OAV—— I i &S G HEAE ; C
B @ FERRCRIR T & & pelkg s B——41 57
i FEZK ) LSE A, me/kg .

M OAV =1 B WA E % 4 53 X RORPOKR IR 2
Fr HA B TR,
1.3.5 HEgitas BAFESMEESENE 3K,
IS RV AR HE R 25 . R WPS 1 Ori-
gin 2021 F A #4750 et 4 A, (A Origin
2021 SIMCA 14.1 £,

2 HRESMH
2.1 GC-TOFMS ¥EMEL ML EY

¥ M HS-SPME 2 43 il %t 3 FhFE i 12 4 W 1
FRY IR, 2853 GC-TOFMS Kl , 45
UL 2, 3 2 A3 B 3 A 5 98 Rk &
Vi, B AEmEE ESE MRS BRI MR MK Sk
I ZE AR R T Hot DI B2 RIS
M 26 &
2.2 KMFKIERKER D
221 WBECE2E ST KK L KRR AR K
o A ks s 65,55 FRT 68 AT, &l 1a J2 3
FIAE i i B S T I, DAL R R 3 3 ot it 1 A
BRSNS, ORI 11 Bl
RN, RRA SN R R, B b 2T R
B, B 3 05 B B S A 1GR3 R A
PR A B, AT LA Y 3 AR S A W
31 Fp, Horb s 7 P WESE 8 Fh RS 7 A BRZE 4
Pl RS 2 Bh ZR3R25 2 FRARIHEE 1 A, KB ROk
R KK 5 IMER KR KA 5 N R K AR A ) 5
SR 40,4437 Tl KAy 5 R GRFIINIR K e 2 6] 4
J 22 S 5 SR o G 2% A B 60 R RN R f S
o, KRG AR Z Y %S FE IR ZEE
[[74 4B 780 T
222 YEAEHEEMTEES SN K 2ak
YW R IS B R B 2b S e R 2R
Bl 0] LU KR v g o it D2 | T A R 24
AR, 20 9 13,12 Fh AT 11 Fb B 26 A H
FEXTEAR, Y92 2 B, Kok ¥ oAb 2 & ft b LA TR
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Difference Analysis of Volatile Flavor Substances in Raw and Cooked Rice for Winemaking

Peng Kaixiong', Tang Qunyong’, Chen Xiaoming”
(‘College of Life Science and Food Engineering, Huaiyin Institute of Technology, Huai‘an 223001, Jiangsu
’Jiangsu King’s Luck Brewery Joini—Stock Co. Lid., Lianshui 223400, Jiangsu)

Abstract Objective: To clarify the differences of volatile aroma substances among rice, rice and cooked rice under
acidic conditions, and to provide data support for the analysis of volatile flavor differences in the distillation process of
nong—flavor liquor. Methods: Headspace solid phase microextraction—comprehensive two—dimensional gas chromatography—
time—of —flight mass spectrometry (HS-SPME-GC-TOFMS) was used to identify volatile aroma compounds in raw rice
(broken rice flour) and cooked rice (cooked rice, cooked rice with acid). The differences of volatile flavor compounds
between samples were analyzed by orthogonal partial least squares discriminant analysis (OPLS—-DA) and aroma activity
value (OAV). Results: A total of 98 volatile flavor substances were identified in broken rice flour, rice and rice with
acid, which were 65,55 and 68 volatile substances, respectively, of which 31 were common substances. The number and
content of substances were mainly alcohols, aldehydes, esters and ketones. Based on the content of volatile flavor com-
pounds in the three samples, OPLS-DA analysis was carried out. The results showed that there were 54 different sub-
stances with VIP > 1 in the three samples. Among them, there were 24 substances such as 2-heptanone, 2,3-octane-
dione and dihydro—-5-pentyl-2 (3H)-Furanone in broken rice flour, 6 substances such as 3—thiophenecarboxaldehyde, 2,
3—pentanedione and 2,6,6-trimethyl-2—cyclohexene—1,4-dione in rice, and furfuryl alcohol, furfural and thearone in rice
with acid. Isovaleric acid and other 24 kinds. OAV analysis showed that ethyl caproate had higher OAV values in the
three samples, and the OAV of 2-acetyl-1-pyrroline in broken rice flour and rice was > 10. The highest OAV value in
acid—added rice was ethyl caproate, and 2-acetyl-1—pyrroline was not detected in acid-added rice. The OAV values of
1-octene—3-ol, nonanal, ethyl caproate and other substances increased to varying degrees compared with the substances
with OAV > 0.1 in rice. These substances with OAV > 0.1 could assist the overall aroma presentation, which was one of
the reasons for the difference in aroma between rice and rice with acid. Conclusion: HS-SPME-GC-TOFMS combined
with OPLS-DA and OAV were used to explore the differences of volatile compounds between raw rice, cooked rice and
cooked rice under acidic conditions, so as to provide data reference for clarifying the effect of nong—flavor liquor on the

extraction of volatile flavor substances in rice during ‘mixed steaming and mixed burning’.

Keywords rice; cooked rice; volatile substances; flavor; HS-SPME-GC-TOFMS; OAV



