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T4Z Y RE &Y g2 oz 4
(1. PG5, F50 21000; 2. WTA BRI 2522 A B8 (T 2R B T-4), Bl 310018]

W OE: By @ RS T O Gk R I e A T 12 MRS IR T . BE W
% 5.00 mL F 20 mL A, A 2.00 g Sk, T0ZS3EFE, Zomiv: B4R AIkA s, [ as+
AR ZAGIN, LAR B IR E M, bR e, SRR 12 R & M a7 M S5 e e 8 31 il P et ¢ 2R LG,
AR RBIIRT 0.990, ERRHK 0.04~9.49 mg/L, [HIKZN 70.43%~98.75%, AHXFRIEMZE N 0.87%~9.51%
(n=6) 451 Ay ILJOT 2 %R i Ab R RN AT SC AT AT b 12 A0 At o i e v 5 i, RERS A AR = 4
P, ELRTAEPRIE . AR, AT LA 3 28 909 114 J5 42 1) RS B S 4 — ol s v o

SRRl A PR, FEAVERR; EAS TS SOM Bk

Simultaneous determination of 12 kinds of volatile compounds in wine by
static headspace-gas chromatography

DING Yin-Meng"*, ZHAO Ya-Hui'*, LIU Wen-Yuan'?, LIU Jing'**

[1. School of Pharmacy, China Pharmaceutical University, Nanjing 210009, China; 2. Zhejiang Center for Safety Study of
Drug Substances (Industrial Technology Innovation Platform), Hangzhou 310018, China]

ABSTRACT: Objective To establish a method for the simultaneous determination of 12 kinds of volatile
compounds in wine by static headspace-gas chromatography. Methods A total of 5.00 mL wine was added into a
20 mL headspace vial and 2.00 g sodium chloride was injected into the vial, the wine was separated by a strong
polarity capillary column and detected by a hydrogen flame ionization detector, and the qualitative analysis was
conducted based on the retention time and quantitative analysis was conducted by internal standard method. Results
The linear relationships of the 12 kinds of volatile components were good within the corresponding mass
concentrations, with correlation coefficients greater than 0.990, quantitation limits of 0.04-9.49 mg/L, recoveries of
70.43%-98.75%, and relative standard deviations of 0.87%-9.51% (n=6). Conclusion This method can realize the
qualitative and quantitative analysis of 12 kinds of volatile components in wine without complicated sample
pretreatment, effectively improve the analysis efficiency, and is simple, rapid and low in cost, which can provide a

new method for the quality control and inspection of wine.
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AT A MY, WS TR YIE T T, E R
FA i T B et b R SR A R T

SR SR T KU A A0 o TR £ — > T AR AR,

MRRFRE A2 R Mo i s 7, HAl, ©%E i
KRS RKAA 800 2Hh, FLEAFHEEI . BRZE., BEZA
AR A,

LA N AT & B 2 W R R, EEFX
EMHREEEH. RREN LA SR, e
W 1) B 25 7 £ A N AN T 1) 0 1 JeE 230 g 2
PEMEESH, TEHAEE T OEN SR REE
8%~15%(TRFR /0 2 7] o F B2 —Fl 78 % TR it O ] ke
o= L AT SRR, AR AR P R R rp AR A R T
A, HEWPE S AR, TE. KSR ESHEE, 7]
DL AN SO0 RS PR RS R, e A
B NSRBI, 2 RE.O . Wk E R, GF
AR, HrbaE RS TR SR, mH
M H Ak Z S R k7 CAMELEYRE
SRURG B R, M EAEE S EET 0.4 gL B,
BRI, AR,

WETE 7 — R RN R LR TR . PR TR

CRROFRERRRYI B, Hrh & B2 0 LR OB R 5
JBR 2T A A I | B A ICR IR, XA
A S AR R d R P2 2 W v K M RS (R 2
A BESL AR A T A A p AR KR . DR, IS
A P R Ry, A BT R LA ORI 5 A e R,
DA Sy b A 0 A 2 7 M ) e

AR A, R R B 0 AT R AR
IR AR E Mk o SR G BRI ez 1Y
— P AR AT, AT RS AN [ RS A5 B i i Ak 2
Tk, SEBZ Aoy R E PR E A, TR B
PR LA UK B ARSI 5 0 A 3 OT T

T 52 SR S5 TR OB b B4 R T LAY, R AL B IERE,
Dy A e P T s [ A AR O AR AR B0
T 2 0 A 4 5 e R PG S i/ S vk B, i
i 5 T g 5RE G AR B T TR A R EE, DR B BsF ] A o
fif BE A AR, ST R 2R R LA I S E S
FE I

T8 X R BRAT AR A R R B, BRE R R
E T RS @ 1E: (gas chromatography, GC)ll & %5 75
R R MEERZE . ERPERESS L L R EE A 2 WE. Hdr, QB/T
4849—2015 (710 H#E & MR B2 A 8 T A T s -
AR ) A QB/T 4850—2015 (A % & VEBREHY)
W 7 A TS SN BTk ) R T2 - SO 5 7k
(headspace-gas chromatography, HS-GC)43Fill %€ 1E s |, 1E
THE. TS 6 ML B R HERAC RO 2RT

BEE 4 PGS SRR PERRSE . GB 5009.266—2016 £l %
EZRE P ERTE ) TRE, TR
P R ECTRE I A AN BRI I, PR GC iAar T HH
551 . GB 5009.225—2016 { £ il E b 1 LB
PRI E ) HEE =3k GC ¥, B VE B EAT . R
FMGEPY 25 0 R AR 250 G TR RS % S, sl
I NGRS, WAER Sy, BRI R . FES TR
FRECRE AR, T H AT R 2 X T B A 2 437 2R R
RT3 3 2 BE A At Z2 P IS 3 o 8 P 4 43 [ B D0
F B o 3R] G TR A A P 400 R R BRATARE | 3
FHTEFEIASEA OGS B2 1,

AT NG AR RS R0 56T L A XA Tb
#6045 (flame ionization detector, FID)¥ SE £k P:yu . LA K
T5 28 AR R AT DU BR A R T 3 RILBHHSE &,
N —FprE] DA [ I R A A 12 R R PR B 1Y
HS-GC-FID Zr#r 5%, BRAESE B4 4V Hh i vk 5 )
T, SRE[R] B AL A Y ESE N I 2 AR R R
PR TNHE R VRS, DU AR 77 il A DGR 03 1T i)
A R S

®1 REXTHEETELMESMNENITIRE

Table 1 Current standard methods in China for the determination of volatile compounds in wine

PrifES 3 P Hir¥y i
QB/T 4849—2015 AT 4 R PR IENEE, 5T RE IR TEE, JETEEE . FOREE. IECEE HS-GC
QB/T 4850—2015 T WG 4 R PR 2 LR HE . ZRRTER . LRSI . O R HS-GC
GB 5009.266—2016 T . ZEIRI . R FCHE s GC
GB 5009.225—2016 AETW . R R LT GC
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1 #MR5E%

1.1 #R5RFA

W, IETE(ESAL, FWRH T A bRl BR
H), HEE, EARE. 4R4ER. CERLER. IECE. 5T
fE . CMRFIRER . FOREE . WG Q- B 3E-1- TR . B
B ERTET 99.9%)(aikal, ik kA bR
HIRAAD;, 2R TE (g, EvtiAd R A RA
Fl); LB HTAl, PEBERLE A BRA ) o

AT SEPR RS : T 12% vol T-2L 3451, M TH#ET .
1.2 UE5EE

GC-2030 S AH 14X, LA HS-10 Tz A shifF AL A%
FID Kiill#% &% Labsolution f&i% T #E¥5(H 4% SHIMADZU
/v Fl); DB-WAX A 3% E 41 % 3% 47 (30 mmx0.32 m,

0.50 um)(3£ [ Agilent 23 F]); GL2202-1SCN K- (F 432 —).

BSA1248 KV-(J1 50 Z—)FRZFIRL AR AT IR Rl

1.3 XWHE
13.1 AA&EEH

FHEFLRE: 45 °CA34F 3 min, L1 3.5 °C/min F+ % 106 °C,
45 4 min, F-LA 50 °C/min 7+ & 210 °C, {#4F 13 min; FID
R AL : 250.0 °C; &R JiH: 30.0 mL/min, 25 HE:
300.0 mL/min, FEMCSH R 30.0 mL/min, %55 S)FE:
1.50 mL/min; #FFETYREE: 200 °C; #EREAFR: 1 mL; 20k
He: 1001,
132 ME4&H

RIS : 50 °C; AL TREK IR 180 °C; fLHiLkift
BE: 190 °C; FEARIFIEIRETME]: 30.0 min; iR F-A S A]
0.20 min; S ASEAFRHE]: 0.10 min; A 5N E AR
80.0 kPa, #EFERFIA]: 1.00 min,
133 Haad®yik

A RE SIS T 100 mL AT, AUk
AR 5 pL, A . IRE . B, 0~4 CCOKFIE I IR-ATE . 437
i, MERRRIR 5.00 mL T 20 mL TRZsHEH, A 2.00 g
NaCl, &S &S5 a7,
134 EHETEH X

PLH BRI O/ B8 B R e, PIBR I i, AR AL
JEEPH R 1301 R AR R 1.3.2 THZS AR E, &4
Ay B RA R (DI

A4,

X=Cx——L
A4, @

a— FEM PSSR, B me/L;
(ORI TR A b e S TR 45 A R B, PR

Ammmeeee TR BRI HH 4% 4L (Y WA THT A
Ap--mmmeeee TRA R HETRT IR RS AR (1 e T AR

A jmmeeee A R BUSCBE  EE TRT AR
1.3.5 #aEaE

K SHIMADZU Labsolution TAE# % GC firRAE %L
P BEAT R AL B, O b 1A, H A Al A IR S
Graphpadprism 7 Z: & HT 0 BE, SR H Excel 2019 #:47
LA RIA 30T A Sl 20 E R 3R, Fl LRFEFOR

2 HER5SH

2.1 REWERRECH AL

PLATHRUE QB/T 4849—2015 Fl QB/T 4850—2015 1%
TR 85 T 22 - € 335 1 T 80 26 V9 P 4 R Tk B S RN RS
B E iR A T 3R S B S FNERAS A /KR T VA R, 2 R ik
YILL B s B AR AR SRR R R, X T
AL BTN E 2B S R R T4 AT AR Y A % rh
S ¥ M BN e M TR 1) /KT RO T ARV TR (R
2). Hop, ZBEEEON 12%(FR %80, — I, REREERT
H BRSPS — O, A TR
th B E R, AR TR E R

F2 RAWEBRRTEEDIREmg/L)
Table 2 Concentrations of each component in the standard
solution (mg/L)

e LAY W =2 &Y e
1 2R 2T 90.20 7 IE T 8.10
2 FH i 237.30 8 S G 97.10
3 IE DY 16.10 9 TR I B 96.90
4 LR T g 8.80 10 CRR W 8.71
5 5T 40.20 11 1E OB 8.20
6  LIRSINER 8.76 12 LEE 12%"

o LR B AU, TR

22 MERBIEEHHIERE

AR E R, VRS Z . i BT
P R PR RE S A R P BRI T2 RO A1 2% 1, DA KA
RIARYS R, AHFST s AT A E PR % QB/T
4849—2015 F1 QB/T 4850—2015 HHLEMTHZS &4, LI K
DB-WAX SR AR ARS8 Birdl o A isF e
PR ENEAPRER R P TS EANE 1 BoR. M1 ATAL BT
A BVRITE 21 min MEIRT &R H . 7340, BR T SFEEFITE
PEGEE—XT [ - AR 2 50, Hop s i se e, 45
BERT 1.5, Filb—S3m SR v w4 B 5, 4
FEEFFRR TR | AR A0 L, BilnR bR ik
F Y 0.25 mmx50 m, 0.25 pm SRR ISR
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Fig.1 Chromatogram of mixed standard solution

23 ZMEYVFAFEREER

WESR 2 THREL RN 100%, 43 5B ]
50%. 80%. 100%. 150%. 200%HIRGHRAE CARRM, LA
HS-GC-FID 43#7, WirikE . 45 E W, HA LR OB .

FH SR LE Y T A A o T 2 S R PR AH G, LA 45 L0 1 i) g
BV (1 38 S AR RLN AR A, 2 ka3 (| 2). 7
AP R B REAE T, PR S m R,
REAE 4 & 45k PR B RN R R BRAE K ARV v e B, fil
P 2 T2 SR PR RN R 04 2 A P RRAR . L, 7RG
SERCH R B E TAE T, € CBE & ity 12% A8,
AR AR LA 4 R M BRI R Pk R Ve B, A5 B R kv L
LA RIS R BN 3 FiR. ATUE M, g Afs
YRR LR B T N 2 M R RLAE, r7=0.990, 45 SRR,
) 0 A A U P R MR R MR, T
MR AT T bR 7~ TP B2 R R B b v ARV W IR
MR EE, DARUE AR I 5 R b 22 B AT ALY S, 4
o IR 14 2 St VAR 1

PUEMEE S/N=10 (13 3 b2 BB (limit of quantification,
LOQ), LA 12%Z BRI BL R AR, B 5.00 mL 1R
BT 20 mL THZSHEAF, fIA 2.00 ¢ NaCl, JEEMEEE,
SEATIGE 3 . 414 LOQ Ml 4 R ansk 3 R, Hed
B2 LR FI R T BRI LOQ MK BEIRAR, 3174 0.04 mg/L, Y
LOQ ¥, T 9.49 mg/L, JivkREBUE & .

ar —~— BT
TR
=S —— RS
g 3F —~—IETH
R —— S IR HE P R
& —— 2R
é 2 | ——FEB
=
& i——i/}\
R
g lr
& : S :
s * T
- —- —— 3
0 2 L a— i — .
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R EVAER IR E %
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Fig.2 Effects of different concentrations of ethanol on the responses of some volatile compounds in mixed standard solution (n=3)

F3 SLMERE. @ABE BXRELEEREO=3)

Table 3 Linear ranges, regression equations, correlation coefficients and LOQs (n=3)

E&W 2k P75 Fl/(mg/L) EYEpp R E(r) 72 1P /(mg/L)
LR TR 45.10~180.40 Y=0.052X+0.2731 0.990 0.13
i 118.65~474.60 Y=0.0019X-0.0168 0.994 9.49
1E N EE 8.04~32.16 Y=0.0073X+0.0149 0.996 0.50
Tl 4.40~17.60 Y=0.0964X+0.0655 0.990 0.04
ST 20.08~80.32 Y=0.0159X-0.0342 0.997 0.40
Y& & el 4.38~17.52 Y=0.1344X+0.1238 0.991 0.09
1E T 4.05~16.20 Y=0.0103X+0.0057 0.997 0.81
S I e R 48.42~193.68 Y=0.0386X-0.3352 0.997 0.32
LR TR 4.35~17.40 Y=0.147X+0.1633 0.992 0.04
1E 4.10~16.40 Y=0.018X-0.0008 0.999 0.33
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AT 6 IR APRUEI TR, H BSCI6 25 R A T
Mg, ek EREE, THAA R LM 3T AR N bR T
AU AE B9 AR X F5 HE I 22 (relative standard deviations, RSDs),
PACE SRR B, S5 4 PR, Frf Rrillis &
P20 4 RSDs Y76 10%LAT, RIUPK % RAF, w2
SEJRAE A T oK o
2.5 mEREYER

BROEEAR, L3 2 R EA IR 100%, 5
S 5 (150%) . H1(100%) , 1K(50%) 3 Bk 7K1 1y
ERPINBRE R, A S pL BUREEANER, E5. 1B 29
B AR 5.00 mL, A 2.00 g &4k, HE S5,
7 LA 4 2 TR R S IDBU B S BRI, B 5.00 mL Fas i
B, OIA 2.00 g EAbEN, HEESRE RS, I, R
TR ENSCR ARG R, S50 5. RV B INbREE o P 4%
HAR S EIBCRAE 70.77%~96.70% 2 0] Hk B2 Rt
b A% H RSB BIACRTE 71.94%~98.75% 22 [7]; T ik EE
TFRAE A B AR 4 9 LR AE 70.43%~94.71% 2111,
AHRIFRAER 225 0.87%~9.51%, IR,
2.6 SERRFERRINIE

BT A A AR S, SR ABTEE HS-GC-FID 7kl
FERVEA &R, 2R 6, (iR LR 3. 4E ik LB
FEMEM N 11.24%, SRR RN ER(12%) 25160

0.76%, TE£1.0%3L N, e GB/T 15037—2006 HH{LE
Ko HAthdg A pERE s, REERTTEEE R 166.7 mg/L, &
i, (HIRARAT A B R bR I 2ok (0 21 48 459
TRN/NFET 400 mg/L; SR EEA RN 152.7 mg/L,
SORBEATE A SRR 91 mgl, RTES RN
40.0 mg/L, BIRZALT R BE 0.4 g/L), (HIEEN R IEE
RS T AR R, BT Atk — A r= 1.8 | s
Bl R A A, VAR 3 B i A A R P BRE h
MR W& 11.2 mg/L, HAR4 53 #I94E 0.40 mg/L L)
T, CRRTHEERKH . 755, s EE, R MR &t
BR O BATARE 5 1 A RS 9% B A 25K, TR S M
ST ARAS 0 88 257 VAP ot TR 0 7 3000 85 SR 1 4 %t 25 1
INTHEBOEERY 10%, 68 5 EESR

3 FHi5iie

AKWFFE ST T —Fh HS-GC-FID 4347 5 12 [l Bl o 3%
[ AT RRE Ty 1 B A T 12 R R R 4), O
HEAT T 5 TR I0AE, S0 UE 25 5L AR i vh i B2k . g
W) B TR B TRR v L G 4 R PEIRZE, 6 R R Tk
FE, UK TR, R a6 TS AR
S ERER A JHE B TR SR e, K 4 DIATRR
WEHBBA 1 AR, KRS T ascE, m
EHRERE . BUAR R, BHFFE 45 SR n] Ry A r= 4l K AR A
BEHR 1T AT SR s R S

R4 FEBEE(n=6)
Table 4 Precision of the method (n=6)

Wal  omom TR B ENE ZRTE RTE ZMSRE  ETE {?ﬁ}; CmIE ECH
RSDs/% 1.54 829  6.68 5.01 3.07 2.36 3.58 3.91 1.99 4.03 2.13
#z5 FHIMIREELER (%, n=6)

Table S Results of average spiked recoveries (%, n=6)
am AR e BE b Pk BENbR eV BE bR
R ESE e ipecli s SEH N R R S Rl R gy

LR 72.34 0.87 88.03 5.69 76.36 5.09
FH 79.12 4.10 76.40 6.02 77.50 6.31
ENEE 70.77 9.51 71.94 4.14 71.14 7.87
LR TR 80.65 8.47 81.27 1.69 78.67 2.54
5T 93.07 1.93 92.84 2.00 94.71 7.10
LR 5 IR 76.03 9.29 83.30 1.69 74.02 3.46
1E TR 79.04 2.10 85.47 3.02 80.68 5.99
S G e LI 95.27 3.08 93.58 5.39 94.55 7.82
CR OB 74.39 8.96 95.29 4.90 70.43 3.91
ECEE 96.70 1.96 98.75 1.93 85.27 6.56
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Table 6 Concentrations of the volatile compounds in wine sample
B EW i/ (mg/L) = EW £ /(mg/L)
1 LR TR 11.2 7 1IE T 0.99
2 i 166.7 8 S B P P 91.5
3 I 18.2 9 CL R 2.1 0.27
4 LR T TR N.D. 10 1E 2.01
5 TR 40.0 11 2 11.24%"
6 TR 5 G HR 0.37
I ND R .
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Fig.3 Chromatogram of the volatile compounds in wine sample
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