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B E FRTAFARYARARBERBA A ENELREFA B FIFTRETE. K CHS
WA TR L BEA B M - K )G FJE 4 W & (gas chromatography-flame photometric detector, GC-FPD) il & ® 4
B, 2REV AREAKERS KA ERANZAFHOS pL.2 KA 7 8 100 pL & AER 1 mL A& pH EH
3 EME 12%vol NaCl B FHE 15% B ABHE L h FOME 35 min,3-FREFBRRE L 93.01%,
A3 -EHATE KB RE N S50~2000 pg/L B, REHX EHH0.9994 BB L5 wg/L,E B A5 ng/Le
3-FRATEFERE S b 50,100,200 400 pe/L WA KT, EHHF Y 92.11% ~101.90% . MW S A
HERSPI-TRERECERE, RRERELS A A 110.41 ~ 1 238.67 p/LEFAARELCERE.
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FEABEMR FREEHREZ - HARZ
BB EEAMGERSEYER ., ATEMME
BEIZWEN AHCAERBE I ERIAKRELE,
R B R AR E R A R TS 4 L 3-F R
ER R RERE X 5 T H A% 5 58 50 R A
REMRAY . BRRE(ERERQE) 1A W
RFRE R, 3B T B BOR KT 500
pe/Lo B, X2 BREM S8 S 3-RHERNEHD
BHRERBBANEE., BEVEFER AHEFH
J5 1 3 I E1 9 P RO B BOR B B

— I E B AL B R R B TR A (gas
chromatography , GC ) 5 i £ ¥ 38 1 R 8 & & 191
BB RS SZBL, 40 ok M 6 BT A6 T €% (flame photometric
detector, FPD) {42 & J6 6 1 5% A BT s U 280 0 4R
W, ETEERR3-FRENENS BRI, HE
I E 2 T E N E kAT B A b T
GHIBBEBRC 2% EATELEDEFRKDH
SAHT . (HR fEGER BB HIE A AR R
W AR, DA SR AR R AR B AR o BT 4 B
AUV B W W K 2K B (dispersive liquid-liquid mi-
croextraction, DLLME ) & — b 37 80 (%) B¢ & 13 %8 B
A, B REZAEE % 7E 2006 4F kRl & EH %

B B, BB (ASUEREE) .
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1.1 B

AMERERAE A2 HE(46% vol) ,FEH
(49% vol) ,FLIF KB (50% vol) ,22BRTE (42% vol) 5
1 Fh vk A B T AR TE (34% vol) o BT IV TE#E
F 2013 FEHE MHMAE 4 CHEPHELRII
3-F R TN B AR G (Sl 99% ) W BN T AE B
BERAT; EFRAEMES (AE 9%) AR
Dr. Ehrenstorfer A 7; @ % . 1,2- "8 k. A HF
B A H e LR A 2 ke R R E
FALE A b e, i A B R FRANERA
H; AR Z R aigel, W A % E Tedia N7,

75 Y VE ML SB-5200DT , T BT 2 4 M BH 47 i
137 W /A 7 5 Agilent 7890A S AH (3% {X, SR [ Agilent
/NE];Allegra X-22R ERAGBE O, BRI R
7] ; Vortex Genine2 ¥R i€ 1B & #%, 3 E Vortex-Genine
AT AR XS205DU, i FF R R 2 A F .



1.2 SXBAHE
1.2.1 &#&4

SAAEIEY Agilent 7890A , AL K 6 't B 4G U 2%
(FPD), T4 4 Agilent DB1701 (30 m x 0.32
mm x 0.5 um), BFEFE HE 40°C £ 2 min, R
JG A 2 C/min 7+ F 100 C{£4F 2 min, B 5 °C/min
F+ZE 220 C/min {£4F 2 min, # XK :99.999% /= 4 &
5.:6.5 mL/min, & X :75 mL/min, 2% % : 100 mL/
min; FEFE DR EE 220 °C, #8831 B . 200 C,
1.2.2 #sFALE4f UA-DLLME iF42

WRE (RS BE R4 40% vol) i pH 1 mol/L
HCIEZE 3, KRG, ANEKEBELEWEREERZE
12% vol T 4 CHEEH R EHRPLR. M1 mL b
RHEALE SR ET 5 mL MBI CE D, AN
A 10 wLOIERBEE,50 wg/L) #1 0.1 g NaCl, F
100 wL B4R BH (= F 42) #1100 pl 4 8
(FE)REMAELEP,RIE30 s,4 CTHAH
Bi# AL 2 min, BJ5, ¥ =THIME T 5 000 r/min B
A 5 min, FRAGUTIEAR . B I 5F 28 W BR LIZE W,
B wL PUIE AT <A
1.2.3  3-WEA & 8 e 7 BB AR A 44 & 0% B 4

3- P B0 B 79 B o 4 VR Y o < R AR B 20
mg, BT 1 LEEMP HEKCEEEZZE,FE
20 mg/L MR o

IE 79 i B8 (internal standard, IS) #7% % 75 W 09 B2
il KE RIS mg, BT | LABIT , HLKZBEE
BEZE, /PS5 mg/L &R

3-HEBENETABRKE G FERR | ol 64
H/WL,ET 10 L FEME A, HMA 100 wL ERGHE
ERE SRR B E R EZIE, 18 2 000 pg/L,
TAEW .. VAR J7 ¥ 20 I B2 1 000,500,400,
250,125,100 #0 50 pg/L B TAEW (IS By BT & E 15
EH 50 pe/L),
1.2.4 BBHDGHE

TR RE %k (50% vol) fE MK, AT
FHERPI. ANEKRE _HBINERERREZ
40% vol, HNA— 5 B/ 3-F B B 79 B2 A & M BH 153

SHH 5N

PR EWE N 100ug/L, HF 1 mol/L # NaOH ¥ 5
K pH I Z 5,85 BIRHEER
1.2.5 AEHR0H&

ERZEREPMA—CEMN 3-PRERNEHEE
BAETR AR B B 2 100 wg/L, H jm R J5 A B A
AT A mBIiE,
1.2.6 REBRRFEHFLEKLL

BB 5 EBRA, BMA 1 mLIERE KR
dn pH HE 2 3, 28 A Z R 2 min #1750 BOR R
B (DLLME) , 25 T i#f4# g UA-DLLME ¥ £ EH
R, A5 HOR B AR RO R AR B B IR
T B AR TR B B A (8] R B0 B (8] 48, AR BF 9058 o 2
HE LT L ST E R
1.2.7 HELE

BREBERAT ZHTETEITEE., SHE
& x £s oK, B SPSS16. 0 41T B EW £ R
AH7 (P <0.05),

2 HRE5W®

2.1 GC TL{Edh&kmzd

EL2.1 AEEMAHT,L2.3 i NMKER 3-F
WMENEE TR 3 K, RHFHE(K 1), FPD
X B AL e R R FE LR A, R R AR/ Z SR ik it
TZRHEE ., ALRRAAGEHETERITHE,
DL 3-H g BN BE A VR B WA AR AR  3-H R R N BE A IE
NEEE(IS) Ry AR 1L B AL pr b AT i R A, WA
Lo 3-HAENETE S0 ~2 000 pg/L{EEANZER R T
MoRETAKEFR, MR RN 0.999 4, H 5 F
R y=0.308 7x* -2.632 2x +76.272,

2500
B 20000 120,308 7x2-2.632 20476.272
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Fig. 1 The standard curve of 3-methylthiopropanol
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Table 1 Relationship of 3-methylthiopropanol concentration and the peak area ratio of

3-methylthiopropanol and n-propylmercaptan

-RHREREREREE (ng- L) 50 100 125 250 400 500 1000 2000
3-BF B 2R O BE/ 1F TR A B TR AR B 3.4 3.4 18.9 28.9 37.3 40. 8 59.0 83.8
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2.2 SFHBRBEMERFGAERE

7 UA-DLLME T A REZR RS B E W
FEIAGROR , W03 BN AN 23 BT B B 36 S AE BRORS
B AR S VR B pH %510 S F RN MR
AR, ER I E R MEL . AR BRI EE
BEFHZ R IEIN o A B 5 T 43 BB 8 1 25 B A
REZEF THE REEEMAGY B F KB
SITITE o AR, T AARE B S K AR R A L, B R
HERBHRATHCES R, FHiL, A LR
REMBERSI, ERBERNBEREHRTEE, BF
¥ (EF) A& HUE fi 2 (ER) &7 UA-DLLME &
WANFEBRBOR P ERIEAT

EF 85 L UTIEAH & 3-F0 B B I BE B0 %R BE (C
(rec]) F0ARE DI 4 3-F B 2 N BE A9 N 4 K F (C
[add]) Z k-

EF =C(,.1/Clu (1)

EREEXHVUEAMH T S-FREANENE
(i) SEBBEHEFTMARIS-BPRENERW R
(n[add])%ﬁﬁ’tt:

ER/% = n(, /N0 X 100 = €5 x Viee1” Craaa;” Viaaay X

100 (2)
ﬁqj : V[,ec] ﬁ V[add] ﬁ%’]%‘@ﬁﬁ*ﬁ E/‘Jﬁgﬂﬁﬁ*y\

HRERI R TR

2.2.1 ERAHkB

ZEIR B Fh 26 %F UA-DLLME #4935 R & i 1R K
EAREEX YA R R FEBRCR , T H AR+
KIEmEERBMN /. BEEPHACYE H K EEB
BEZEP e - @B (2:1,V/V) LR B
= B ARMREE.L2- ALK /2
bt ROk R R L LR Z SR A E
B - BN EERR RN, B E A
100 pL AR S, Fm A 100 wL BB, tE 8 U1
M EFRAMZERSR ., B IEENEBRAIN, BT
EBEEPNERERRKEBERALE , AESENR
W EBGRBGY . E 2 B/R7EHAL 6 FHRBGH R, =
S bRy [l de & B BT T A A R & ok (142
pwl) o B, =FF e BB,

2.2.2 HEAe ks

EBBRER AWML EEEHE S
PR ZEBORR . 28 BT 6 7 BE % 5 /K A 32 BUAH
HYE, AT SRR 5 40 i fE KM S LI I 5 B R
ILEY R EMETRMNE, BA AR RS ERNE
B E I . X H T AR 43 5% 78 52 BT AE A
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Fig.2 The standard curve of 3-methylthiopropanol

MEREREREY, ALE S F LT R ML
(100 L) & 9 23 B, BF 5T E AT X = S BefE
RBGAZE 1 mL BB F R BRI RE W, B3 %
B, {8 A R BRAE D 4y ORI RS SR BUCR B 7. B, 3%
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Fig.3 The effect of dispersant on the ERs of UA-DLLME

2.2.3 XBRANKRGE K

7£ DLLME i F2 5, 26 B 44 FRUR: 7% M) 28 BURISR
W—TRESE. —BRAHEE RS EGEBG K
B E M EF 1 ER, 3F HgK X 35 58 10 3 o4 ; [l Bt
U AR R S L J5E 4 R AR AT R 58 4 i 3R U H
PR, IR RS UUEM A T A%
Bro ATHFRZERNARNER, EREEBEN =4
I3 (40,50,60,70,80,90 1 100 wL) 4+ 510 A 100
wl BB 3F A 1 mL A HUEHE 47 DLLME, 43
AMERBU 3 R, ERE 4 B, EHEEEN,3-
FE N EF B2 BOY A& 88 i s/, 6
B U3 H AR 42 R ot 2 B0 R B ARl A T 0L 2, 2 AR
FAHE/NTF 40 L o, P3RS R R LT S A4
W AR E M B K, A, XRAIN EF H
ER AR KR, fEE EF BFEL ER HI AR &
X R IR T Rl T RO R AR B, T AR
FEWEAE A B ZEEOR G A B LB, DA T R 4K
HEBUMR, 445 % 8 EF ER JUEMHERMER
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Fig.4 The effect of CHCI; volume on the ERs and

EFs of UA-DLLME

2.2.4 HEMNKRGER

SPECRI R B 2% e DLLME X — 5 2§ % i
HE. SHF AR, BN A (BRI #h 7 B
N, SRR ZEBURE . HaBR M Emet, —
5 TED Rl T S b {5 2% BRI 4 A T AR P T R R AR BB
R, H—ITESE BRI RBOR S 4 B R
Bl , S B ERREZE ; 5 I FEIBT , 2807 % 2 B
BV VE IR N, 38 & 2 BEE 4 B A5 4347 7 i 2 B
BETHEESRTRA. Hik, 2 508 A R &R P EE
(50,100,150 ,200,250 300,350,400 F1 450 pL) 5
65 u L ZE B IHRIR A, MA 1 mL 8 A 317
DLLME, B MREM 3 K, 4R (ES5) BR., BHE
R BUA O 39 %] 100 WL, ER B2 5 ; 24 F BE i
EM 100 pL 3 fm %) 450 uL B, ER NIFEZ TR, [
B, B TR =S REMAEERE R, M
P A R B R R A B 0 G U 2D, 24 AR B R 500
pl B IR A BBV A . FB ER A3 AH i ik
P EHESE R 100 pl,

FEENER 1%
ey
=)
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Fig.5 The effect of methanol volume on UA-DLLME

2,25 EMTEHAENER

SHETMLL, BlEREEER KR, —KR7E 30%
~60% vol Z [A] , X h i 15 1 ¥ Xt 42 B B9 ¥ i 7

ST SR

RER , FE TR M A BRI, 76 1B A R 2 B i 72
HESHEEATRBUREEIGERE" . R+ A
RIBK A BERERBER 5% \12% ,20% 1 30% vol
PO e B R 5 BRTE NG B T 3-F R B A B B R
M. SR(E6) R, EHELES% ~12% vol i
Bl EF 1 ER B8 % 165 & 59 3% 1 8% hn, 2+ ER
FSE g EE R R, GEHERT 12% vol 5,
EF 415625 1054 BE 1) 3% 0 1 084K , X 2 BB R 80 O T G
R E B R R TR, AW, ER #2EL
FEAM EF H AR —H, TEEMEEMN 12% vol 3 in ¥
30% W3 ER SEHE AR T B, 7L 20% vol B 3%
B/ ARME, FIA% S ER f EF (&%, BL
L 12% vol N HEMITEIG BE .

74} —— KBUENEE o5 HH T o
e
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Fig.6 The effect of alcohol strength on the ER and
EF of UA-DLLME

226 BIRANER

HEEZ R TRE X DLLME §5% na s, — i 7 8¢
MIER A — & B M NaCl K8 S A B0 E TR
B, A, WEHRRA, EAmERBRAIRRNE
s, A NaCl 75 SZURYTTIE T 3k, R4 T A
SIS RE T . ARSI B e TE AR 4R B A 50,
100 #1 150 g/L # NaCl, % 5 % B NaCl A{H R EE1R
R RERENZTTRET, M AW EE.O &2
AL . M, RATH NaCl SeiF i e R BK P, R
JERYEAR NaCl WEBKERHERE, LRER(A
7)RY,7E 0 ~150 g/L L E N FEE NaCl B3 & /3%
B UTVE AR B AR FR 0 AS T8 i, I 7E 150 o/L B 5 B £
K. M ER W EHH“N" BB, %6 EAETFHER
EHER, BAXHARWEE B LK EREEO ~
50 g/L Z [6] B, 3- P 26 D9 B 7E 48 BT o ot 3-FR B 3
NEREEUD S 3-PRENEESEMH, 6F
% 3-H AP R BN H 89 4 Bl R EOE /N ER [&
K. BEE NaCl ¥k B B 4k S2 38 I, T 0E A6 09 1 BUR K
WREBRELEI-PREFNERERMUY S 3-FRE
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Fig.7 Influence of salt addition on the ER and sediment
phase volume of the UA-DLLME step

2.2.7 i&EyEeEAER
BRSBEEAREMFARERSI R (K + 25E) &

14 7 24 9 B8, T Jo W UK L B T R DA Y BT 4,

B 25 7E RETUR) (9 43 FE R B o 4 AR AR % BB K

WEE B SRR 4 B B R BE AT, AR B i i

A T BB AN, ALK E#T DLLME, 5 &

BRBUS A ACHIEHR 8 E 1.2.3.4.5F6 h,

DARE N 3-FR AR L B N P A B R, &

(B 8) B I, #BATEFE O ~ 1 h i B, b 2 B (] iy

EKI-PHERENERERGERE, R, 45

BEHRGER S 1 h 5 ,3- 5 B L 7 A (B ik 2R ) s F

fas , NEFER B E K TR, Bk, BEERSE

BT [E]E 7 1 h,
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Fig.8 Influence of freezing time on the ER of the UA-DLLME step

2.2.8 BuwEER

TS TR R 20 B U AR BURE TR R 4 BRI AR
HIRBIRAT , BLORCR A ES ™ E R0 ZE R AR
R, A S5 o ) 25 B TR B RO B (2
2.533.54 455 min) , £R(EHLXHE,BL
B[R 7E 2 ~3.5 min B, FiE B R 38 3 -5 4 2 19 B2
MERRZHRE. HELSEOHEITE3 S nin 5
ggEm -FRENEHEKENEERRE. B
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Fig. 9 Influence of centrifugation time on the ER of

the UA-DLLME step

RE I E UA-DLLME #Z Bt 22, i i1k )5
MSEORFERA =4 F & 65 pL. 4 #0557 BE 100
WL BE G AR 1 mL B 5 pH {E 0 3 MG 12% vol |
NaCl B F52 B 150 g/L {RIR5r B BfE 1 h B0 B[]
3.5 min, B AR K F] 93.01% ,

2.3 UA-DLLME-GC-FPD {5 S 5%
2.3.1 UA-DLLME 7 sk BiE

IR R R AR B R AR AL S AT 1T
ST, B ETLE 10, BRI E, 7 3-FmE
PR B A A R P K TR K AR A i R D VR N IR T
FH N EIRE . KA I MEELFIRIEML, 51
WHESAESESHME 3 R, RHERBETERARER
INZF T A . 3-F R TN B A R U R ORD 2 & FR
SRR R (S/N)3 #1110 i+ B 45 8], UA-DLLME-
GC-FPD X F3-H M BENEMW R ENE, X RE,
R FR A € &2 FR L3R 10, B & CHk it 18 < AH 8 35-
B EI e 3- AN EM LM EE AN 0.1 ~2 mg/
LU A Sz 3 B9 T /E B4 T BB 7 0. 05 mg/L, 138 B
R 3-FR B L TN B BT, FPD k8 R B 5 B A
T 25 R RE AR 0 BE 77 o

25 000+

3- RN
20 0001 /
> 15000
Y
B 10000
2 5000 L
o] .
2 4 6 8 Y 14
B4 /min

B 10 ZHEFR M UA-DLLME-GC-FPD {4, &
Fig. 10 UA-DLLME-GC-FPD chromatogram of a

Zhima flavor Chinese spirits



%10 UA-DLLME-GC-FPD I EZHERHHHH
-AMEFENIHSH
Table 10 Analytical parameters for the determination of
3-methylthiopropanol in Zhima flaver Chinese spirits
samples by UA-DLLME-GC-FPD

KMTEE/ R TR IR/
B9 %r&ﬁ%} & & HSE_I & Y
(pg-L7) (pg- L") (pg-L7)

- ETE 50~2000 0.999 4 1.5 5

HE ML AP SERERE(3-F R
HEFBIRKTE R 100 peg/L BRI ) #1704 .
FHEMEEE(RAEE) B 1 MERELRNE
B 8 Ik ERABRT M iRlEENFREFT
7.32% ., O (RRXGEE),F 3 XN#GT, 5N
AR 8 IR AN IR EZE DN TFEHET 9.65%
2.3.2 EKERB

R T VAL RE R R R R, A 22 F AT 4
7K (50,100, 200,400 pg/L) #yfntrid , Ul € 3-H
BB I br BCR . 8 15 mL M = HFEF
1S 4y, B 1 mL, BUECR 3 6, R indnae BLiH
FFArbT s H4 12 23 i 3 4, o B AT P s 4 K
FhndRE M SE B, 45 R LR 11, AR U R F
BEF 97.75% , A A T EHERE N ERE, &
A TFArMERE R - ENE,

RS K

®11 ZHRERABPIAI-AHRERE
ARk F R E R
Table 11 Recovery of 3-methylthiopropanol obtained
for spiked Zhima flavor Chinese spirits samples
Tk B/
(pg-L°H
[l #/% 100.11£5.81 101.90+£2.79 92.11+1.71 96.87+2.62

50 100 200 400

2.3.3  BARILE N ERTERED GBS IH

»F UA-DLLME-GC-FPD Fi4rth 4 B2 HKFE
BMABS | BEEFHAE(KAHFE). ERLE
AP REREFN-FRENBIERE, N
1238.67 wg/L;5 MEAHF M 3-FHRERNEN SR
FIZE 110.41 ~ 1 238. 67 pg/L ZhH,XMEREEE
R R B T2 T BN . AT E 4 R 2 R
R P9 Rk B EARLE (3-H R E RS B K TF 500
ne/L) , IR % T RIR GC-FPD ¥k i I 5 Fh 7
L E3-FRENENSREEN 0.35 ~1.03
mg/L, AEE% ET GC-MS B E 2 HEHKFE
9 6 3-FF R BE TR B i & B4 B 21,78 mg/kg
130,22 mg/kg, ML LRGSR, Bk 3-F
R T R IR T 1 VS W R RUBR R o

%12 UA-DLLME-GC-FPD JIEFE@&EAERI-FREAHENSR
Table 12 3-methylthiopropanol found in different brand Chinese spirits analyzed by UA-DLLME-GC-FPD

0

BEE o

LR =B wEH

-G MIEE (pg- L) 729.75 +51.32

1009. 10 £42. 58

1238.67 +83.41 873.90 +32. 89 110.41 +7.63

3 #%

UA-DLLME-GC-FPD J5 & 2 — # il & Z K & &
BT 3-FRBERNEAH TS, & 8FE MBI RR,
BB ER M ERAS FREIMAER
BE 77, DL B K M 6 B 1 T 28 X & B AL & 4 0 S e
TR REUE R, R B A F B R RE A
RS . WA, AR E T R EREREE B R
i UA-DLIME % {4, 3% UA-DLLME-GC-FPD J5
BRI ATEMERERNAER S-PREAES
Bryai.

3 % X ®
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Determination of 3-methylthiopropanol in Zhima-flavour Chinese spirits
by dispersive liquid-liquid microextraction coupling with GC-FPD
TANG Hui-hui'*, JIN Mei-dong’
1( Tourism College, Huangshan University, Huangshan 245021, China)
2( School of Education Science, Huangshan University, Huangshan 245021, China)
ABSTRACT  Ultrasound assisted dispersive liquid-liquid microextraction combined with gas chromatography was

used to determine 3-methylthiopropanol in Zhima-flavour Chinese spirits. Pretreatment condition was selected to opti-
mize the conditions of extracting 3-methylthiopropanol, and gas chromatography-flame photometric detector was used to
determine the content. The results showed that the parameters of dispersive liquid-liquid microextraction were as fol-
lows ; the extractant was 65 pL of chloroform, the dispersant was 100 pL of methanol, sample volume was 1 mL, pH
value of sample was 3, alcohol concentration was 12% vol, ionic strength was 15% NaCl, freezing time was 1 h,
centrifugal time was 3. 5 min, and the extraction rate of 3-methylthiopropanol was 93. 01% . The linear correlation co-
efficient was 0. 999 4 in 3-methylthiopropanol concentration for 50 ~2 000 pg/L, the detection limit was 1.5 wg/L,
and the quantitation limit was 5 pwg/L. The recovery rates were 92. 11% ~ 101.90% in 4 concentration levels of 3-
methylthiopropanol concentration (50, 100, 200, 400 pg/L). 3-Methylthiopropanol contents in 5 Chinese spirits
were determined to be 110. 41 ~1 238. 67 pg/L, wherein the 3-methylthiopropanol content in Congfujia Chinese spir-
its was the highest.

Key words 3-methylthiopropanol ; ultrasound waves-sampling; dispersive liquid-liquid microextraction; gas chroma-

tography; response surface; determination
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