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Abstract: In this pgper, 3 mL wine was diluted -with water (7 mL) and intemal standard solution (60 pL 0.02% (V/V)
4-Methy l-2-pentanol), salted with 4.5 g ammonium sulfate and then extracted with 0.5 mL dichloromethane. After scrolled for 10 min and
centrifuged for 10 min, the extract was injected in a GC system. ZB-WAX capillary column (30 m x 0.25 mm x 0.25 pum) used with the
temperature program was as follows: 40 ‘C" for 5 min, then raised at 3 “C/min up to 190 “C for 10 min. N> was used as carrier gas with flow
rate of 1.5 mL/min, injection volume and. input temperature were 0.5 mL and 200 ‘C, and the injection mode was splitless. The results were
detected by FID. The method could isolate 63 compounds from wine, and 30 of them were analyzed qualitatively. They included nine alcohols,
eleven esters, eight organic acids, two aldoketones. Repeatability of 28 of them was less than 10% (as RSD) with the recoveries from 85% to
120%. The quantitative analysis by using intemal standard solution was accurate. This method has the advantages of simple operation, little
pollution, short time of pretreatment and good repeatability and accuracy, which satisfies the further demand of wine fingerprinting analysis
technology .

Keywords: liquid-liquid extraction; gas chromatograp hy; wine; volatile compounds; quantitative analysis; internal standard method

R ] T O OB R RS T A R R Gy, B ERO T RIETEETT R TR
R DU AR A USRS R SR A A R DR I S REEAT 20 A, BETTORSE B ANIR] J5L Hh
JR I3 IRV, ARV A A b ol R 2 8 o ) B &N B

BUKYER.  H pilE ] AMRZ T it e w A HAEER R 24, BIHAC NI, TR
WFSEHA: 2013-12-18 o A 10002 FRI% AL S Y0 HA I0 H oR B, RS BT
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1.1.1 X5

AT (fikal, 99.9%, ST, MRk
(PLggat, >99.5%, KEETIRLE BK AL 77 R 2
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Table 1 Chemical standards used in this study

LS S5 h% B 1%
TE LB RERL 99.5
1-7 8 REXRL 99.5
F %R T B MET 99.7
F T REXE 99.5
L BRI B REXRIL 99.5
1-THE XEXE 99.5

4-9 K -2- % B2 Acros Organics 99+
Fr% % REXRL 99.5
T GEs XEXE 99.5
(N AH XEXE 99.5
3-# AT REXRE 99
FLBL B XEXE 99.5

-4 REXRL 99.5
)IR-3- T KB B4 T 98
F BB XEXE 99.5

MBS XEXE 99.5

T REXRE 99.5

SBRATHMTE T 98
LA XEXE 99.5
FTE# REXRL 99.5
y-T A B XEXE 99.9
e A XEXE 99
T REXRE 99.5

IOER — LAY REXE 99.6
FRB REXE 99.5

3-Fa A AEE Acros Organics 99

R CB CH S RS 98

A REXRL 99.5
RFEE REXE 99.5
B-R B REAL 99.5
FHR REXRL 99.5
KR REXL 99.5

1.1.5 2% (VIV)3# AREF ik 69 B )
F R WL ERRAEY) B 2 mL T 100 mL A&
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H, K OEEER 2%,
1.1.6  0.02% (VIV) A 4 % i 9 BL

FE S5 1.00 mL 2% (V) 4-F 3E-2-7% 2T 100
mL =M, ALK BZEZE.
1.1.7 RAEATREYELH

P 2 W AR AEY) TR SR I, BRARE AR
W 12% B, JF AR AN 0.2 M NaOH 1 % pH
3.2.

R 2 RAR SN REERE

Table 2 Concentrations of mixed standard solution

A S
TER LB 35 3 46.2
1-7 8% 352 3HATRCE 41
F R B 35 7 BR 4.0
F T B 35.3 FTHE 3.8
LR ¢ 1% B 35 y-T MBS 49.7
1-TH 3.2 K% CBg 3.5
4-7 K -2-REF(MAR) 3.2 TR 3.8
Fr % BF 356 RIMER_CE 461
T B CB 35 F R B 3.7
LE T B 35 3 THRAAE 4.7
3HZATH 220 KLBUHMKBE 4.4
LB T 44.9 T B 3.7
TEE 33 RPEE 42
iR -3- 2 1 B 3.4 B-K LB 449
F ;B 3.5 FEL 3.6
33 46 e 3.7

1.1.8 DK E iRkt B

%32 3 H AT R VR FE ) s R AR
A 12%ORE, AR 0.2 M NaOH i &
pH3.2. (B imhas Vi b vHER DT Bk B L3R 3

1.2 REH %

121 #HexETE

1] 30 mL BEEEEOE NN 3 mL BES, 7mL 2K
7KF 60 pL 0.02% (VA) IR (L1.4) , SR
AN 45 g TRy ali ik AR s A DU R A bR AL I
%, AJEMA 05 mL & e, TiRieE ¢ 1100
r/min 3% JiE 10 min J5 BCNES LAHLEL 2500 r/min &0 10
min, B FE & FEZE 300 Wl EEASR P T
SAHT
1.2.2 GC 94kt

MG, EE PerkinElmer A, 7 PSS 4y
WHEFET A% 2 mm P42 AT FID #00l 2%; TotalChrom

i TS, 2 PerkinElmer A%]; ZB-WAX B4

¥ 30 m>0.25 mm>0.25 pm, Phenomenex®, £[H;

W5 2% A1 40 “CLRFF 5min J5 L 3 *C/min FHE % 190 C,

REF 10 min; A%, JUE 1.5 mUmin;

FEE 0.5 pls HEFE I 200 'C5 A dfiE el AN imtidie .
& 3 EERMRARPRERRERE

Table 3 Concentrations of standards added into the recoveries

spiked solution

2 g e Eﬁ;’i ot ’Jﬁ;(i ﬁ;ﬁ
T B 10 < 3-BETEMCE 15
1-7 B 16.0 AL 2.5
F R BR CBE 3.0 ST B8R 1.4
FTE 32.1 v-T MBS 9.0
LB F R B 1.3 ES A 4.0
1-THE 0.8 T 1.0
FIREE 161.8 L IGRE — LBY 7.3
T B CBs 4.1 FRB 0.9
LR T B 3.2 3-F A B 2.3
372 KTH 20.0 R LB LB 0.8
FLBR L A5 102.0 A 1.9
TEF 0.8 R B 0.3
IR -3- 8 1 B 1.0 B-K LB 408
F B CB 3.6 FEg 0.5
33 0.3 Ky 2.0

T 419.6

123 ZHZEoH

GC EMEIMT: WBER 250 5 bk AR 78 AR ) 15
VRS ISR EE B [AIAH E A, BUETE 1%iRZ0
Bl A A 2 A SR

WARIEE A HT: TERE SR BN NZE 5 VR N b
Y (RIS 4-FJE-2- IR A AR, AR A4
L Rp A 53 1) 8 AL IR R, AR SR S T AR,
SR RE SRR 25 5 i

RrONEE 435 Be=0 IE DR 1 <R R ity P 45289 (1)
B TR R <) B 5 AR P A e () 06 T A

A8 T D] = A A 0 T LA 00 2H 0 e e T A <A
DUZH 53 BRAE 25 E TN b FE
124 EEMHKXRE

BT BRSO (L2 4%, R
% 6 M PATREIM T SM i T, 115 6 4UPATRESS
4 5y THI AL RSD% o
125 ELKESER

SRR B3 mL RS (L1.7), 1%
FE S AR 770 (1.2.0) N 7mL 2K F14.5 gfiiig
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B, WWIEEOERECT EA WA . R R
BRI ER I 4 7 (L2 fil%, PRl
TR . [l VR ) . ASTIR I 1.5 mL
B HT2) TERE S0 AT 1.5 mL [B[SCR bR i (1.1.8),
FHRRE AN 7k (1L.2.0) N 7mL —Z%sK. 60 L
0.02%F I AR (1L.1.6) F14.5 gilish, WAHEES L
JE RN A WA

[e] i 2R 55 2 3K %=( 111 i 2R 0 5 9 R R R
(ML) >3.0-FF T IR 5 4.5)/ (1 W s V0
WS (mg/L) <1.5)<100

2 FR5E

21 JriEfh

A HRIEWT FEA RV TR B A M By 1IRE
0], g R = AP e e AU ABUAR],  BRtA
SCEFEAENRERUAR . H4h, TEREEU, IR
BN T PEEANAET ERES NS, 1REEEE
RORANE BRI (HAEE ST SRR, R in
BRI, SRR &R e 2 5 SNz,
IR BSMERE, Rlth, AT7 AU, #% 3 mL #i%]
. 7 mL gk 4.5 g AR AEmirR B LLpliR A,
SCHRMMRIE AR A T BRI etk RN, AR SO
BERIa]. AREURAR . R A TRE A
THG A it AT A B DA R SR Bl 25 1304 T 2R AL o
211 FsuaT 4 ek

TR T BT TR X675 A 3, 1 B AR SR s 5K B U
A SIS M 52T WAHE 5 min, 10 min, 15min %414
(RS BERE, 45 SR iR 5 min & AL RS 25 R
7, MmJiE 15 min 4 6 FREJIRL 7> RSDY%iEt 1 15%,
K %5 LG IRNE 10 min FIRURZE, BRI ARSI TR
10 min, SPEETHEATRTACEE . bR T T IR
[FIE, RBUEFH PP B O N A AT A, S4h
FE SR AR, PR 5 e A5 FH 3 2500
HEAT BB 3 A HERR TR Gt i B AN — ZK
T4
2.1.2 A8 &K ay i

B TUE LA I XHAUE Y 1.5 mL/min #12.0
mL/min (LR, E 1.5 mL/min SRR 2086755 5
B, HAE 2.0 mU/min REEEE R EE 1.5 mUmin
PR 1~2 min, ZEEBRE D EBRA D HTIT A, e R
oA 1.5 mL/min.

IR AL AR SRR X AR S AR
FEREATAI, 3ERE05 uL, Kaillg: BB RTE /b
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AR > R BT WL, R 5 i
AN FERE RS S, PR ShEEATAS I T AR S0 73
125 60 2N, TR G ARFE 4SS RR 7 AN TS i
53 LA T 20 1 DA E, ROR S 1 ARl R i
FE, TR TR EE A R A ety A A A
#o

22 FElEEEAE

] T i ) S TR T LI
®4 AEETPESHROBEEENELER (n=6)

Table 4 The repeatability of wine volatile compounds (n=6)

, PREE AR #HE R4 @R
G 18] /min A A&/(mgL) = RSD%
1 612 TERCBY 0.10 13.8
2 631 1-A@ 8 19.47 2.8
3 7.09 FRER LB 0.04 12.0
4 798 BT BF 29.50 3.5
5  8.90 LB F KBS 0.05 5.7
6 989 1-TH% 0.47 3.8
71082 4-F F-2-%FEF (A AR 3.20 5.9
8 1253 Fr % BF 121.50 3.2
9 13.36 e 8 B 0.26 6.1
10 15.60 3-BATH 17.26 3.1
11 1831 SLER L AR 109.45 47
12 18.65 TEE 0.90 5.9
13 19.93 JIf-3- 2 4 B 0.03 8.2
14 21.80 F BT 0.04 8.7
15  23.26 i 0.39 5.2
16 23.80 (o3 240.41 4.2
17 2537 3-HATHCE 0.10 6.2
18 27.15 ZLA 0.99 42
19 28.19 F T 2.00 47
20 2931 y-T P85 9.25 48
21 29.93 KL B 0.00 9.0
22 3045 T 0.45 4.4
23 3145 kI = T 7.76 6.0
24 31.92 F R ER 0.76 55
25 3291 3-F A WEE 1.85 4.3
26 36.21 RUBE RS 0.26 6.5
27 38.06 TER 1.79 6.6
28  38.49 R T BE 0.26 5.5
29  39.59 B-R LB 26.89 5.9
30 4491 FER 0.63 5.3
31 5117 R 0.11 5.2
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B FUREERRER-SHEEIESTEEL
Fig.1 Chromatogram of a wine extract obtained from a dry
wine by liquid-liquid extraction and the GC analysis

F S A BGE 7, R RO B — =
T HOR RIF 723 ) 63 ML &Y, Hrp I FRHEYI E
PET 30 PSRy, FEALHE 9 B, 11 MiliEZE,
8 PR, 2 FhEERA S, BT 12 i h B B R

TR 12,1 FERLATALER TV, FERR RIS, &
6 APATREMARGAR, BATREES T, ERE
J 3 ) Vg TN AR BEAT T 545 31 45 R K 2 B0t o0 0 T AR
RSD /)T 10%, TR LBEAA IR .1 RSD %,
53320 13.8%1 12.0%, X AIRE 5 HAETHAE/IMVG K

SRRy 1. TERAES: 2. 1-AEE; 3. 7K
TR Mg 4. 5T 5. ABRAFKES; 6. 1-THE; 7.
4-FFE-2- IR EE (AR 8. FlE; 9. CFR 4Bs; 10.

AT 11, FLRAEE: 12, OB 13, -3 2
WilE, 15, ¥R OHBE: 16. RS, 17. ZFR; 18. 3-
BT ONE; 19. WER; 200 R T 21, y-TH
fig; 22 MR OHE; 23, TR 24, BRHIER — LBE;
25, FIXIR; 26, 3-FIEARE; 27, K BE LR
28, CUR; 29. KHIEE 30. B-IRLEE; 31, R
32, %R

2.3 BRI E

M5 AL, IO 31 PR AT R
56, KEB IR BICRAE 85%~120% 2 18], WA AR
TEVNMOTIR R, 1-T BER SRR S CRRIEN
FRIMZERK, 05k 78.0%. 124.7%. 121.5%. L
b, A S B E ARERGA T, AN FREE I 5
RAREIRK, A WTERVRIL, X T RIS BSR4
Xof B e A 20+70%, i AR Y R (g2
& 06} B Y503 1] 57328 80~100%610,

5y A ARSI R A RV A At (RSt A BT A
5], FIREH TR AR, XEeRiEmsm, ik

A SEI6 B R RE AR pH — E A A SR ST,
RLpH 8.2 /547, T pHIANE, FRiBAFES & Fh
BT BIA B AN, 15 BRI R 25 AR A,
TEHRR LY

R5 AEBELWENESER (n=6)

Table 5 Recoveries of different compounds in wine (n=6)

o HEETELAS  wiEE NEE SkFE wkE

Ji & Kk B I(mg/L) I(mg/L) I(mg/L) 1% RSD/%
T &R CBY 0.10 1.00 0.78 78.0 7.1
1-A B 19.17 16.00 18.50 115.6 47
FIRER T B 0.04 3.03 2.74 90.4 8.9
FTE 29.50 32.08 30.67 95.6 3.7
LB, /R B 0.05 1.30 1.11 85.4 7.3
1-THE 0.47 0.81 1.01 1247 2.9
5 %52 121.50 161.80 150.47 93.0 25
T B 0.26 4.08 3.62 88.8 9.1
B TS 0.00 3.18 2.75 86.4 9.1
3-ATH 17.26 20.00 21.66 108.3 4.4
SLBR T B 109.45 102.00 114.85 1126 3.6
TE 0.90 0.82 0.89 108.5 5.5
if-3- T M B 0.03 0.98 1.02 104.1 3.8
F B LB 0.04 3.64 3.18 87.4 9.7
323 0.39 0.35 0.32 91.4 2.2
T 240.41 419.60 509.81 1215 5.5

E
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ELER
3-# A THCE 0.10 153 1.54 100.7 4.2
7 8 0.99 2.48 2.65 106.9 5.2
T 2.00 1.42 1.70 119.7 5.2
y-T WB 9.25 9.04 9.42 104.2 2.6
K LB 0.00 4.02 3.76 93.6 11.2
T 0.45 0.96 0.99 103.1 35
IR = OB 7.76 7.33 7.90 107.8 45
F IR 0.76 0.93 1.00 107.5 43
3-F Ak AEE 1.85 2.34 2.45 104.7 3.8
EON AN L 0.26 0.78 0.79 101.3 4.2
o 1.79 1.86 1.97 105.9 4.8
R P EE 0.26 0.31 0.33 106.5 4.3
B-E LB 26.89 40.80 44.68 1095 3.9
¥R 0.63 0.55 0.56 101.8 4.4
KR 0.11 1.98 182 91.9 4.7
Er R A-TR2OREH WARIHE R KA.
— = E R e MR HU Y ,—»5 Vel iy s U
%#z£§%%zf%mﬂ T?@N%HT 2 10 AE 4R HE AR R AL B4
g3, LR BT -4 Ao B an B
2 1tk R
gws AT EX B, PR X AR EER T4
§|ﬁ 5. 00,45 MEAAT 7S, (A TAORE AR — %
& g5l FRIREDNS 5 B (%), o AT AH B 1) A L R 528,
g I _g,% i s, g;:‘cufm%-z-m@%ygvjﬁ;iig%ﬂﬁz;w,
] o L6 2 I o SR A SO S AT AL 37 A 3 BT 7%
&8 - & 3@* L X LOANAN ] 7 X AN [ ] vt o 1 36767 91 P 3 LA R
TS AR - AP SYHEAT AR, 45 SR N P DX A S o 5

1 B
2 FEEERPHEMEETSRSPHENSERTTRES
Fig.2 The topten.aroma compounds in wine after qualitative
analysis
A P 0 Y % 2 P i, SR ARSI B
2O VE 7 30ME Ry, Fer A S E AT AN 4
MR g IR OER. o T RE. B-ROEE. 1-TARE.
3-FeEE T - TR, BEAER — ABE. TR, Wnp-
ROWE S PRHIR — Zle 5 S iRi2 L HaE 1
S BRI E S, BEATRIAEAEN T
0 B URARHIE A 5 AR . (2, — Lot &
TR B U %o i 0 ) RUDRAAE A AN FT
MEIVER, Bl Ols. RO ERSE, hT XLt
BRI BT BB AR, IR L 0 0 4 1
(AR KU RAIE A B DTk, Rk, x4 2671 Hh 4k
BEAUGESS CEEETHBER ST IR
1 5] 05 RUDRAIE 78 B —28 A% .
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WR A 70 PR B2 AR 10N [l X A 4 i b A ok
J o3 B R A R L6 .

3 g

3.1 ARSCEEAL T —Fh LA BSR4 R
AT AE B 7 RAL IR mém$#ﬁ TorbT. WbR
% AR R T A IE R 1) 52 s A 4 1
FEER MRSy, 3 mUBIE R . 7 mLK. 4.5 gt
PR & A160 L 0.02% (V) NN AR TRIE &5 73 LL0.5 mL
A NRE R 7, L1100 r/minif jiE10 minjs , 2500
r/ming5.0:10 min, HUR E T SARE I 4T,
SRR B3R &Y, K AV ER
Ufo DAARHEYIR e 7 3R & Gy, AT e MR 4 B
B RLF, A28F B 2N S RSD% /N 10%; I
HRA N RERAT € ', S5 RHEm R, G285
57 (RIS R A 85%~120%:2 (8] « XiF 10N AN 72 X AR
% i ol 1 A R SRR R B HEA T e AT, AR
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SR AN AL DX A0 FR3LRR IR B 5 2 AR R 3o A EEHT5 G o i 2 10 B U Wt e —
3.2 ZJTVEERAEREE, ATALEERTEAE (Z122min), Jf ANERPGE. HEFREE .
HARD T BORAE IR EA ] R EA LA IR, K
R6 NN ERFEBE-XAREFERRINESE
Table 6 Aroma compounds of wines from ten origins
A2 /(mg/L)

*H 1 KA IR A

Vi AR B YR Ee KE2 EHhA ®IEEFL1 BT 2

IR R (R TR I ey oriomy () Griony (ST (REER
1 T8 LB 0.099 0.282 0.210 0.151 0.160 0.247 0.236 0.196 0.320 0.288
2 1-H B 10.193 31.769 11.887 47.366 20.376  28.276  36.447 29.466 36.019 22.619
3 FRBRTE 0023 0.049 ND 0.002 0.050 0.051 0.143 0.141 0.046 0.165
4 FTE 30.989 42.842 19.600 43.468 47343  41.717 58.721 89.038 49.319 68.814
5 CBR 7 /% B ND 0.240 ND 0.289 0.003 0.826 0.595 0.741 1.146 1.118
6 1- T8 0.175 1.180 0.374 0.931 0.696 1.182 1.711 1.079 1.345 1.098
7 F R B 80.073 176.261 53.459 115431 83.257 169.478 191.600 247.130  194.340 218.333
8 TER L BS 0.066 0.359 0.198 0.239 0.145 0.285 0.716 1.442 1.101 0.488
9 LER T BS 0.095 0.057 0.058 0.254 0.352 0.226 0.003 0.158 0.003 ND

10 3-#ATHE 1422 15533 3.627 16.800 2.326 13.307 _ 33.277 24.830 11.783 40.327
11 JLBR T 26.279 288.527 114.433  362.049 173.603 ~193.771 273.185  338.287  299.046 300.582

12 TE 0540 1594 0.339 1.766 0414  1.494  .1.889 2.140 1.387 2.257
13 JR-3-2 4B  0.001 0.136  0.002 0.083 0.003.° 0.110 . 0.187 0.106 0.164 0.096
14  FECE 0004 0009 0.130 0.353 0.009 0:31 0.264 0.328 0.440 0.299
15 33 0.279 0.654 0.743 4.433 0511 0354  5.200 0.533 0.288 ND

16 L 64.870 546.861 153.127 428.521  312.580 536.869 685.214 785374 471807  355.344
17 3-% & THE CE 0010 0554  0.007 0172 0.005 0.345  0.388 0.391 0.499 0.301
18 LA ND 0059 © ND 1.809 0.069 2027 2109 1.554 1.312 0.846
19 FTHE ND  1.133 - 1.383 1.233 1.092 1421 2.254 3.088 1.585 2.229
20 y-TREE 3.750 20.564  5.896 . 23.817 8511  19.188 31.680  31.292  40.644 64.202
21 RBUE ND ND ND 0.007 ND ND ND 0.013 0.004 0.197
22 TR 0.146 = 2129 0.301 0.742 0.581 1.61 1.962 1.407 2.165 1.375
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