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Change in Ethyl Carbamate Content during Fermentation and Storage of Chongming Rice Wine and
Sample Pretreatment Optimization for Ethyl Carbamate (EC) Detection
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Abstract: An optimized gas chromatography-mass spectrometry (GC-MS) method for the quantification of ethyl carbamate
(EC) was presented to monitor the changes in EC content in Chongming rice wine during fermentation, sterilization and
storage. Optimal parameters for sample preparation were obtained as follows: adjusting the pH to 9.0 following addition
of the internal standard and afterwards adding 10 mL of methylene chloride in three portions as an extraction solvent. The
method showed a good linearity (R > 0.999) over the concentration range of 5 to 400 pg/L. The limit of detection (LOD)
was 2 pg/L, and the limit of quantification (LOQ) was 5 pg/L. At spiked levels of 0.1, 0.2 and 0.3 pg, the recoveries were in
the range from 90.0% to 97.5%, with relative standard deviations (RSDs) ranging from 1.040% to 2.778%. EC was increased
slowly during fermentation and rapidly after sterilization. The growth rate of EC in the wine stored at room temperature was
significantly higher than that of the sample stored at 4 C. The results showed that EC content reached 99.2 pg/L when the
rice wine was stored at room temperature for 1 year, which was lower than the maximum limit for distilled spirits and sake.
High temperature and long-term storage increased the formation of EC. It is necessary to optimize the sterilization conditions
and to improve storage conditions.
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Tablel The maximum limits of EC in alcoholic drinks in various countries
pg/L

Ex RN SR A ANl KR A HAREE
JIEwN 30 100 150 400 200
e 30 100 150 400 200
VL — — 150 1000 —
% H 15 60 — — —
g — — — 800 —
i 30 — — — —
it — — — 1000 —
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13.1 Bt

EER R R IE A R AR B R E H
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VE-WAXms 3 H: (30 mX0.25 mm, 0.5 pm) ;
THRFER: 40 C{#EE] min, LL10 ‘C/minfF£60 C,
PLS “C/mintZ160°C, {£#F1 min, #J5LA10 C/minft &
220 C, iz4710 min; #’< (He) #ii£1.0 mL/min, £/
0.5 MPa, HEFEE1.0 uL; Zp¥iEE20:1,

132 &4
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Fig.1  Ion peaks of EC and n-BC
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H10 mLiAFE 50 mLE 0+, 1.0 pg/mL Ay
FE¥In-BCYET0.4 mL, F40 g/LEA0 A% W8 35 pHAE
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13.6  Jrikfitk

AR S0 1 2 S RE H 92 R A BV 7 B AT A
o, HUOSAFEZERGM AR (5. 7.5, 10, 12.5, 15,
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fRFF1S min, BRI R KA FEL:25 min, HI341 0
PEJE T TKBEETHRZESS Cy {5F15 min, BARE
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VA S JE e FHE 5585 °C L 7415 min, AR
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Fig.2  Recoveries of EC by liquid-liquid extraction (LLE) and
solid-phase extraction (SPE)
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Fig.3  Dichloromethane impact on the recovery of EC
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Fig.4  Effect of pH on the recovery of EC
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Fig.5 Interference peak appears at pH 6 (a) and at pH 9 (b)
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SRR GE H, S35 SOk R WA TR T pHAR AR
TE YRR B PR i 52 2 SRV IR RE 0K, ARS8t 1
AR RE S S pHAE 20 A 2264 74 8. 9. 10, 11,
12, &R mE4FTR, EWCESHIN102%. 56%. 84%-
96%- 106%. 75%- 81%. 45HRFM, pHIE MO, [EIfk

A, ARZ ARG IR IR (El5a) , pHIE A
BN9.0 B, WAAImBRNE, NIRRT AR, RIS
ECHsZmiids (EISb) , R 7E i A B A Hh v A4 1) B
HEpHIE 49.0.
22 VRS
221 JVEERVEAR R

JC A0 A [) o A BE IR AR W, 4% IR 2% A e
AEC 5 n-BCIY it fE iRk JE LA B A4 b, BAECHn-BC
(U T AR L AE A A b, PERRiERI 2, HZRMETTE N
y=0.656 9x+0.001 8, AHXFR%H0.9999, 7E5~400 pg/L
LR N 2R R . FBECHEA, HZikeER
faril,  DAMERE RT3 0hnHE, 193077746 H R A2 pe/L,
PAE M EE R T 10 9h5 e, 153052 8 IROY5 ng/L.
222 VIR RIS B

FEERET, A RIEMO0.1. 0.2, 0.3 pnglIECHRAEM,
T FIRAT AR BT AT B, BN E IR EEEAT6 IR,
L AR KA bR % (relative standard deviation,
RSD) £ L2, 3. FHEILEE90.0%~97.5% 2
[H, RSDTE1.040%~2.778% 2 [f], It J7 i3 HIKs 25 FE Fn vk
WL, T2 A A .

F2  HHERERLBER
Table2 Recoveries of EC from spiked samples

ECHRAE SR I/ ng TSI L pg T E R %
0.1 0.090 90.0
0.2 0.195 97.5
0.3 0.275 91.6

R3 HERBEZRER (n=6)

Table3 Precision of the method (n = 6)
e EBCHRE i 8 N /g

SPAT I AE AL o1 02 03
1 0.086 0.202 0.284
2 0.088 0.190 0.274
3 0.090 0.188 0.276
4 0.093 0.188 0.272
5 0.093 0.196 0.274
6 0.090 0.206 0.268
P/ 0.090 0.195 0.275

BRI 25 /ng 0.002 5 0.004 5 0.002 9

RSD/% 2.778 2303 1.040

23 R ORGSR FECE B I B
231 ERELEPECHEM L

SEIGEL R4, 7. 10, 15, 21, 28 R K B
WAL, g5 R NERATTE, BRIGEMAMECE &AL A
B, — ARG, SE RS = [ 2
I8 () BT A FE i I EC 7 12 70 B I 38 n HL I T AR H BR
(2 pg/L) , YR B FEPERMECS kb, nlEE
SN I R e 30
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Table4 Changes in EC content during the fermentation process

ug/L

R SEZABECH & SEE = [ HINECE &

A (1] 1 2 3 4 5 6
AR <2 <2 <2 <2 <2 <2
PN <2 <2 <2 <2 <2 <2

EIOR <2 <2 <2 <2 <2 <2
HISK <2 <2 <2 <2 <2 <2
EVADN <2 <2 <2 <2 <2 <2
28K <2 <2 <2 <2 <2 <2
232 KW FAXECHI AL R
£S5  KEAFHEWECERBEAZWE
Table5 Effect of heating conditions on the formation of EC
Rl FHEAMECH R (ugl) smpam  ERIABEECEE (ugl) il
” 12 3 Ty RSD% 4 5 6 THE RSD%
90~95C, 305 53 56 48 52 0.404
WHETHEZESS Ty 1Smin 102 112 96 103 0808 112 14 126 117 0757
FEIHRZESS T, [Smin 248 240 260 249 1007 344 336 358 M6 L14

HRSA &0, ALY, ECHRA W BN
b, HOW R ECE &5 BB T AR L2 & 38 0, DUAS R )k
JER R ETH %85 C, ECHENA i, HigdIHiE
ECEHEIME L, FH90~95 C. 30 syt 25, EC
FERANRAD, ECEHRMT 52 FkKHE ik, XYL
KU s & T ECH =4, TERNF SRR, 12T
il TECHITE G, sl i A RFERE K, BCE SmIg P,

it By, MEREZNT G, SRR K,
S Z AW PR TR A Y S B RN, TE R %
(F7G HYFRECY . H B REHE = B & B R 1k
BT AR D BEARAL R 21, kA ECH B, i il B BT 5% B
ECIE /b, (HETfR & i, A=A, webrdr=
oh ] SR PLs THE 285 C . AR 15 minffy K I

233 EAFFAECE BRI
#6 A4CHFECEENEML
Table 6 Changes in EC content at 4 C
; ECH &/ (pg/L)
Wi T I I TaE o
0 10.2 10.2 10.2 10.2 0
60 31.2 28.4 30.2 29.9 1.419
120 37.5 35.6 36.8 36.6 0.961
180 445 43.1 43.9 43.8 0.702
240 50.4 49.8 47.5 49.2 1.531
395 54.2 53.6 55.2 52.8 1.815
®7 =ZRPFECRENEL
Table7 Changes in EC content at room temperature
N ECHi/ (ug/l)
AR T —— v i TR RSD/%
0 10.2 10.2 10.2 10.2 0
60 38.1 42.6 43.4 41.4 2.857
120 53.6 58.9 62.5 58.3 4.477
180 78.9 82.4 87.5 82.9 4.325
240 92.5 96.0 98.5 95.7 3.014
395 99.2 104.6 105.8 103.2 3.516

BRI 8] 1 I A7 A R T USR5 9 T i, B T
&, (AR E R O Z . TR FRE
W A7 %A FECH &84k, PR THE 285 CRIFM
FHE B4 CRER KM FIAFE, H7E60. 120,
180, 240, 395 df ks MECE &, 45RWE6. THR,
1E4 CHIE IR FIAE395 d, ECH & M10.2 pg/L53 5
TH352.8 ng/LAN03.2 pg/LAEAT, — FFaR B nmg B2k,
180 dJi, ECHIIMZENS, W A7HURE R, ECH NG
R, ECIHIE &l

XU AE B RIEC S 1N,  BE A A7 I R 1) &

K, EMMECHEZ ; ECH) & & A 52 A7 3 B (152,
B, BRMECHZ . Kk, {RA7R A7 LT
R R IR I
3 4 #
HALIFAL T Bhn-BCH W BRI A 1 - I
TE AN 7 22 0 R 0 U R SR I T, 1T VR I
VR pHAEL VM B A R U s, T A B G 5 I [ A A U,
AR 7 R PGE SR BT A S 7 YA W e A A (R B AN
F26fF T2 El, ECEERBSRTIMKENS, FEAE
KFFEAES RIS, KB R 818, ECH &k
% AP R, O AEIR B s, ECHITERGEZ . 18
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M. 2% OARENN RS REZER, 246801
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