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SRS 0 AR HE 40 ppb ¥ & 86.7% © £

Mgtk 0 S H #8100 ppb EC Z B FHk & A4 A S BOM 69 K BE R A B - kBT

SR T BN EMAELSAARIBI0 ppbZ ECI » KFMHF AR EECH AL o
REBERS AERILZECAEES » FHECSLFTE82.8 ppb

% 4 15.9 ppb & 19.1 ppbZ EC °
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e B B BR Z BE (ethyl carbamate * f& 78
EC) » XM urethane * B—CDHBEY » KA
BRABZEEY  BEZRAERSEEEEMAK
B o ECREE1M43FHBHEHY R
BFBUEER® o £ 1970 FEW1H - & RES+
HHEWHERSEC  THEEEERE®W - B
AECHIREEBUEEZ fE » HLiEHEFERE
HMESFECREZZHMEZIMEEREMR - &
19854 Z 7l » FBEHNES P ECEHFELRIT
e BEHANMERMBEESHEHEEE
EC MK MRAERTETHEEEHZEC
EEIFES o

BR TS BREEEL ~ 4L - BBk - M
B~ B - 85 AR H IR RS & EC U9 o
Canas EOM R AFEHE R IHEHECZH

B R TERCE  FEMMEHRS -

EAH
kol R B AR 8 F 4

B EMRZEBEEREARPUEMTEZ
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HECZEE #REFAEMABABHEESR
M E S EEC ° %4 Hartman X Rosen O3
DUEAEAEEZHAKENPECZEE I
BT {H 47 88 T A BHE 102.1 ppb o BB LR
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20 g/ kg body weight °©
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1.E&8
3t 35 FEAK i ELIE 9 RIS - H R EIERE 30
Tl 2 2 KRR DB 57 o
2. B ARG P BoRt
(1) BEEe3LE - HLoFER o
Q) FXE  HL10FEER -
(3) it HIFEES °
3. KEBER M
(1) Eh - FLo2fEEGM ©
Q) BE3L - FLrREEM -
(3) B HofHAEM -
4. BEZEB  HLo3REEN
5. 85
(1) B8 L1omER -
(2) S - FhofEAEM o
(3) BRUE : oA o
PEERSINEEESTEBRAIGEE
FIRE ©

1. Celite 545 (CP#)M B H A bk iliZe T 3
MR et o

2. Alumina (active neutral * activity I4%) ~
sodium sulfate (anhydrous * EP#%) M H /2 E.
Merck A H] ©

3. Dichloromethane (LC#%) * acetone (LC
MR Gk SERMARAR o

4. Methanol (LC#}) % B 3 B Mallinckrodt
NHE] e

5. Petroleum ether (Purum #% * b.p. 40 ~ 70
C) 8 H Z< Fluka A 7] ©

6. n-Butyl carbamate (EP#%) M H H AR 5L
e TEHRA g1t o

7. Ethyl carbamate i B 3£ [B] Sigma 2\ &] ©

FE (TRiBKE
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1. BESE B R T RS 1 AR oRHA2)

BU15 ghRFh A 250 mI AR > fIIA 1.5 pg
(1 mg/ml) Z n-butyl carbamate £ A FFIZ#E -
fIA 15 g celite (48 700°C > JKfk 16 /NEF) » LU
BN ZIREA WS EMER > WS LIR S
INEIEEHE AN EE 10 g deactivated alumina
(fE A * A% alumina /i 10% (w/w)BY 2= BT 7K LA
EEN > WRIZI RS EEEREFA )R EEA
20 g sodium sulfate Z FE A& #(21 mm i.d. X
350 mm)H ; B A —F5r 2 IR A Y E L taping
rod #§ Z BB © L1100 ml — & B e % Uk (rinsing)
BEth » I EREREA B - WEBBREREZ
UL (eluate) AREIRAM (150 ml) 1 o &
Ut 1 F Rotary vacuum evaporator (Buchi
Rotavapor * Model RE-111) ETIHERGEE 1
~2ml e RGRPZRGERE2 mAEE
o A A E R B RERIRAE R AR
WRZ BB o FASZIE & o 2 6 b LA R
EIRAEE 0.1 ml * LAEEFT GC o ©

FiFEKGMWECHEESTER=ZEE o ¥
A B (B R FL 100 ppb & 0 BB —BF Sl AT
I o

2. B

15 g EMmARa E 125 ml R 0 o
A 1.5 Ug Z n-butyl carbamate /% R ERIEHE » i1 A
KBRS AME > EEHe0RE - FE
EAMHEE > EE R o MEHBZ KRS
g celite TR A > AIELBRF Lt B B IR E
RS HEBORHER o I 30 ml — &5 B e I vk 43 WU
o WA Z IREBRATFHEE S > EE R
HBR  FBLL40 ml — R H R E AR o
WA B BT R AR LR o A TR IR AY TR AR
347 25 BR ) b ot 18 4 B S VR P R o

3. KB & A

(1) B2 22

B MEBERITRE SN
blender 1 #5158 20 g 5 5 B LA #4685 i BL
20 g 5 THBRMG - B8 R A% 2 BP9 5K B 15
g o

(2) Bt R 2R

A% bt B & B A 250 mIBEMR > A 1.5

g (1 mg/ml)Z n-butyl carbamate Ay P FH4Z 4 -
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i N A 100 ml FFE » LA 260 rpm 3B ¥H 3 4
§i > LA glass fiber filter paper (GA-100 * 47
mm d. * Advantec Toyo Ltd.)i# & » 284 LA 50 ml
WEE R IRARBEY » WERK  -HEBREE
250 ml ZIRAGH S » IIA 15 ml ZEEF K » U
VR RAE R TR - AAKEBB ZE 125 mlZ 7K
Wk A 30 mlA A Ml > B0
% FEERAMBE  HEE K - BHFREZ
IKJEEL 20 g celite R TRA » 1818 FIHE M Lkt
Z BB o B 100 ml 5 A Uk I [ AR
B oo WEBERB N RILIRA M FIEE%
AT B IR AE  HEAT GC AT o

(CISAH B T

SAFR 2.8 43 B 4 #% B & Hitachi G-5000 °
KRB TEBE 2 (FID.) &30 m X 0.54
mm id. > 1 um 2 Z DBWAX EME B E A
(J & W Scientific, Inc.) © #eYEM: © 18 HI#5 B
ARIEE 4> 51 B 230 K 250°C 5 BREHEAE LA 100
ChREREE  M#F408EE  DEFIESTC
HEEFAE150°C - HHEFH6 08 - MR
BEREMAE LIS 30 CHEE L FZE200°C »
MRS EUEREBMAE BT EE P 2Z Y o
AR R 2R (100 kPa) s IEAE A1 ul o 7F
PCIRVERAF T - A UE Q04 B B S AR IRUT 40 il
% EC X n-butyl carbamate © f#i f Hitachi D-2000
Chromato-Integrator 0.8% EC & n-butyl carbamate
RIEEE » AR ERKR -

(SRt i AR 2 WAEAD

1. Stock solution

(1) Ethyl carbamate : B £ 1 mg/ml °
FIH25 mEEM > DIFEEEH25 mgZECE
ER - WREHE -

(2) n-Butyl carbamate : R & & 1
mg/ml ° F|FH 25 ml & &M > DLFEEE % 25 mg
Z nbutyl carbamate £ E & * WIR &S °

2. Dilute stock solution
(1) Ethyl carbamate
A. BE 100 ng/ml ° B EL 2.5 ml
stock solution (1 mg/ml) A 25 mlEEHMAH > LU
HFEMEZEE  WReWY -
B. B A 20 ug/ml © BEL2.0 ml Z
dilute stock solution (100 ng/ml)j 10 ml*E &
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o DHERBEEE > WIRAHS -
(2) n-Butyl carbamate @ & F & 150

lg/ml ° BX 1.5 ml stock solution (1 mg/ml) i 10
mlEERS  UFEHRBZEE > TR
/g °

3. Working standard solution

PA n-butyl carbamate & A #PARE 4E & 0 |
A B4 dilute stock solution 71 & FIFFE - AL
BECIRE /2410 20 40 ° 60 * 80 °
100 > 120 * 150 pg/ml * & A& 15 pg n-butyl
carbamate/ml B B2 Z ¥ W YE & working standard
solution °

4. FRHEMAR

B 1 pl L ik working standards 147 GC 4
#r o LLEC Z 2R 1% 5 B ¥} n-butyl carbamate 2 2R
VTR ML R AL EAB BT EECIRE
(ng/nD) R W - VEARHERHAR - B—IREIT=E
BAHT o

(i IR B2 E B

AR A8 GC AT BT 18 Z EC Z R = B 3
n-butyl carbamate (P HFHEHE ) 2 204 15 BE 1) 1L
RERABEML  KEEABRFTTECRE
EHX (ng/u)i% » BHRERKGPEE

AN

X (ng/ul) x100 (ul)

EREEQ XER@) o

(5) ] i B

AR Tk > B E WS BAHE
i % B 2 R 5 0 B HOH oh — B SR AR EC 9K
d ARIEAT 2 o A% B A0 E BB I i K IR e
BMERGS > LB~ (—) ik Z kR
LR MERECEE - B-INMEEST
ZEEAR -

FHEAK
[8] Wi 28 (%) = (B %E {E/ 83 &) X 100%
=~ BiRistath

AT 15 2 %5 3R LA Statistical Analysis
System HEFT BRI HT ©
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Table 1. Ethyl carbamate levels found in commercial vinegar sampled

Sample n? Range , ppb Mean®
Rice Vinegar 79.0
Domestic— A 2 ndc~ 345
B 4 107.5 ~ 250.5
E 1 n.d.
F 1 n.d.
H 1 nd.
Imported — J 1 n.d.
Blended Vinegar 315
Domestic— A 2 122.6 ~ 2264
B 3 nd. ~ 459
D 1 93
E 2 nd.
F 2 nd.
G 1 nd.
Imported — J 2 nd. ~ 5.8
Alcohol Vinegar n.d.
Domestic— B 1 n.d.
C 1 nd.
D 1 n.d.
F 1 n.d.
I 3 n.d.
Imported — K 1 28.1
Fruit Vinegar n.d.
Domestic— B 2 nd.
F 1 n.d.
Imported — J 1 nd.

2 Number of samples tested.

b In calculating the mean, a value of zero was used for those samples that contained no detectable ethyl carba-

mate.
¢ Not detected.
FERBAET A
— ~ [ B
()08 28 % A T RS R

DA A EC 2 BE BB R AT | Y sk 8% o
TETR IR BE R 40 ppb BF » B R H A 24.5% °
BERMECIRE & 67 ppb B » [a i 2 @ 5%
85.0% * M= RE KM > Bk R AHEO04.7 ~
96.7% ) °
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HREAEREYHEMERER > AT
Wz B RTEER L o kS e — A
17 By 0 il R SR AR R EC RO BRI 2 5
HAEFT o IR MIBE A 40 ppb Z ECHEM#E
Wi 0 BIMCER K 86.7% © MLk REERABEIERT
AERERYZEBRERNER  BINALXE—
BHE o BN KT EBEER S P B IRGEE e
B it [B1 Wi 3R 7E 5 i EC AZ & 7 Y8 B 50 J% 200 ppb
Rf > 4351 % 78.6 & 87.1%
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Table 2. Comparison of ethyl carbamate level in vinegar found in the present study and reported by Canas et
al. (1989)

Sample Ethyl carbamate, (ppb)

This study Canas et al.
(1989)

Rice Vinegar NA®
Domestic nd? ~ 1889
Imported nd.

Blended Vinegar NA
Domestic nd. ~— 1745
Imported nd.~ 58

Alcohol Vinegar 4~126
Domestic nd.
Imported 28.1

Fruit Vinegar n.d.
Domestic n.d.
Imported nd.

2 Not detected.
b Data are not available.

Table 3. Ethyl carbamate levels found in commercial non-alcoholic beverages sampled

Sample n? Range , ppb Mean®
P

Fermented milk 70
Yoghurt 3 ndc~ 532
Calpis 1 10.2
Sour beverage 5 nd.

Tea 14
Black tea 5 nd. ~ 56
Oolong 4 nd. ~ 8.1
Green tea 1 n.d.

Juice n.d.
Grape juice 2 n.d.
Apple juice 1 nd.

2 Number of samples tested.

b In calculating the mean, a value of zero was used for those samples that contained no detectable ethyl carba-
mate.

¢ Not detected.

()AL 4 i 47 K RA BRSSP BY = 5.4727 x 103+ 3.9935 x
102X }% 0.9999 °
F) Fl GC-FID 2 #r ECHZ #E F f 15 2 R HE

45 M EC 4204 = B $f n-butyl carbamate 22 2R1I4 5 COEtEEMPEREFRIBZEE
EHHEHTESERSECZEE (ng/ul) £
» AIE B BT 2 HARBE R o HARMEOER R F TEASTF 5T ot v B A KR R L4 4
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Table 4. Ethyl carbamate levels found in commercial soy sauces sampled

Type Sample no. EC level?, ppb Mean
Soy sauce 24
1 28737
2 n.d.b
3 nd.
4 nd.
5 nd.
6 n.d.
7 n.d.
8 nd.
9 nd.
10 nd.
11 nd.
12 nd.
Inyu 19.1
13 nd.
14¢ 720%+59
15 16402
16 n.d.
17 70£02
Viscorized soy sauce 9.8
18¢ 492+76
19 nd.
20 n.d.
21 nd.
22 nd.

2 Means = standard deviations of triplicate analyses.

® Not detected.
¢ Product was manufactured by the same factory.

Table 5. Ethyl carbamate levels found in sufu
products

Sufu no. EC level® , ppb

1479+ 169
1324+ 1.7
824+ 27
519+ 39
1125+ 28.1
524+ 05
n.d.

~N NN R WN e

Mean 82.8

2 Means * standard deviations of triplicate analy-
ses.
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FooKE > TAFIES ~ XS ES MOKREE U > K
ECHREWNR PR o P KEEABRANIN6 K
WA FEERER 1014 - ARRIETE 1144 1 34.5 ppb
FIEC ; BRI 4 3945 7394 2 % 188.9 ppb
MIEC » HEMMAIHKIgEH - HABEABEA
S8 FERRE L 1314 » ARRRR 2 -9k EC » F
¥ERER174.5 ppb s B3 > RA 1448
HEC» HE®E K459 ppb : DKM 114 > 4
9.3 ppbMEC  EHERAIF KM E EC ; BSMAE
BEER A 1M EC » 58 k5.8 ppb ©
AT R R 2 SR YRR EC 5 T Ah 2 K g
Kt EC & 8 K 28.1 ppb o 7K SR Atk HIl 2 KA i
EC > A LA RER AR ZEBHEREECE
BERMEK > RS MRS FER - By
Bk RS I LB B o ASHIE 5T A SR BE SRR R
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M7 W otk BB H 7 WM Rk R
Bt 0 s AR o

EHE TR PR R B S

RERIETEREE OB E & BFEEE -
KRt 23X ECHHEE - S8BT
REEHEIL  TELE  ILBRHHEE - Hp o
— R LUK A B e 2L R JRORE A 8 B FLEE R AR
53.2 ppb WY EC ; B 77 4 B 2 5 Bl A& 10.2 ppb
FIEC » MiZLER AR & KA ECHFETE - — %
CREERILZECHEERNEEAE 10 ppb AT
(4,6,7,8,10,11,14,15) , ;@$B{§E%%j{§j{*ﬁ f—’f ) 9j§

Table 6. Ethyl carbamate levels found in ferment-
ed black soybean

Fermented black soybean no.  EC level®, ppb

1 nd.
nd.
n.d.
nd.
n.d.
n.d.
nd.

444 +27

9 nd.

Mean 49

00 NN bW

2 Means = standard deviations of triplicate analy-
ses.
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> BHAMERECTRENERIL > FHAR
HREZFEHR &Y 2 B R B RE 2 YH %
LR 2B R WA R o

A FEHH LB ARER TS
Mt —145 % 5.6 ppb I EC 5 F BB BRESR
EfmF o Mt —445%8.1 ppbWEC : NEE
ZHFREMUKMEEC - BB ER T
FIERR T AME EC o 25 B¥E R 17 Canas
LD IR R H EC » BRI B AES
ERAZEHER B ERNUSESENTHE
AEHECHAER °

MREHBERDTRERRIBZISE

18

AR ER2ENEEREKMEECZ
M BRI ER I o b 12 FE A AR S E AR &
no. 1t EC » Tibb kR & 2 B H AR £ flf & VE R
A BB Th o BEE 2 SURK L EX © 7E Matsudo %%
A8 fify 73 4 ) 20 7 B A8 ol oh » 75 2 7 =5E 29.9
5 35.2 ppb ; Canas=§M43#73k ~ o ~ H RIEMRE
BZ1R2EEBMKSPECEENEHUEAE
MK EC &= (7 ~ 84ppb) ° Hasegawa 5 ® 7
HA R PR EEEEEEEE RSP UEHEN
ECER M » HArtglle 10EEmEES+ > Fe6
AECE&E K20 ppb ©c B EECHGFERE
mZEERNAR o BN 1ESen FWWEH ZEH
BWZECHEREBAMRED  —HEBEE
FEMEECHER 0.6 ng/kg * A RFHEAE
T 55 K0 20 3 v Bk 7 B R A M EC RO &5 SR AH ED

Table 7. Ethyl carbamate levels found in commercial fermented vegetable foods sampled

Product n? EC level®, ppb
Jiang-tsay 10 n.d.
Shuh-tzyy 3 nd.
Kimchi 2 nd.
Tong cabbage 1 n.d.
Pickle mustards 1 nd.
Pickled yellow radish 1 nd.
Poh-tsay 1 83x16
Pickled mustard stem 1 nd.
Sour pickle ¢ 3 nd.

2 Number of samples tested.

b Means =+ standard deviations of triplicate analyses.

¢ Made in Japan.

523



ELHT BERFTHEE

Journal of Food and Drug Analysis. 1998. 6(2)

[ TTRBFEEREE ] www.angle.com.tw

Table 8. Ethy carbamate levels found in commercial paste foods sampled

Products (n)? Sample no.

EC level®, ppb Mean

Soy paste (12)
Sweet flour paste (2)
Miso (6)

wn bW N -

6d

n.d.c nd.
n.d.
159
28719
nd.
nd.
13923
529+50
n.d.

4 Numbers in parentheses are number of samples tested.

b Means + standard deviations of triplicate analyes.

¢ Not detected.
d Made in Japan.

% °

A 5% i A B ) FE A AR 0 (no.13 ~ no.22)
BAEEM LGN ECHME#E An.d~72.0
ppb * H# no.14 K no.18 & 7] — B i IR AY 2
i RECHEERSE - B BHERN
FHECEH B 19.1 ppb * BEMKE W &=
B B ER T & R A A A
WS WEFERTREZENEERPECE
BERHEE -

2. ZIEE

TR GG KRR MR R E S
5] L5 {0 2 B 1 A [ B2 8% (Chinese cheese) 2
o BBIAFLZARER  HBKLIRAEE
A FEMUBAHEEN  WRLTETE > 4
MR BN - AR mBERZEHR
an .

AMFRERTE CEAFERE 2 EEI
SMEECEE  GRMRAFR - HA—H
BN ERARMEEC > EBZECEENR
51.9 ~ 147.9 ppb Z [ » “F-¥{E &% 82.8 ppb °
ZEEESHEEELRFECEERRE - #E
J&§ %L EC & & B Canas %V X Dennis %5 ©# & 1y
F M ECEEMTE6 ppb L F RIS AR LLEL » HI
SEAEUNSEZECRESTEENME -

EREBILEMLEEMNEC YT A
1% pR 7 B d B AR R BT R A 28U W Actinomucor
elegans F & A MG HNEQE B EEMNE
B A% AR R R B R 0 T Y B R T A R
A 0 XAV PR R R S H B Y carbamyl

524

compounds * T X/ EC 9 fc 5B E o

3. 58

TRADRBE S ES RE R 2 B R E
> SR 5 vk B T BEE AE LD o RS K 9
MEAFRMEZEHPECZEE > RE—H
& 44.4 ppb W EC » HERE Rt o HRFE K
S B R MM K E (tempe) * Nout % U8 4& H
ECEEIFBAY » £ 11 ppb AF o R HERE
SR ECHIEM » FEERE LA o

EFEE RSP REFROEZ &2

BREERTERNR XS L aHEER
DA AR - FAMAEY REEEHRE
TNA SRR AL A BE B R KA — > HE
7 AN ] o AR A S A SR AR 0 4 F R SR
INBE R HE B o 326 R T 65 45 R % S e S ) 10
ECEHEBMEIEIE » H B M E 8.3 ppb
FEC ° HIt » BESEBE & Z ECAERIF LR
BE  ENFNE T EC TR ALY IR B B B —
BT ©

FEHERTREFRIGZEE

EHEEIERSZ > KBTS - FrRERL
SEOERBREMRE  WEEEMmE
ol R H @A AR R A KGR B o A
W0 OB BACR M O IR ~ B 38 R vk g
% 20 TE AR Al SRR B EC A B R & rp 9 40 1
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E o

Hy 2% /\ 45 SR AT 0 328 ERAY 12 FE RO BOR
B 2B Y R AR ECFAE 0 TAE
6REORIGZE G (B —MA Kk 535
M 13.9 ~52.9 ppb AEMEC * FHEEA
15.9 ppb * BIEEEHRER F P ERNER
LB FE T Y B S o

RIS ESEBEABEE AR - B8 M
BRSNS > ERY 2L RER - HEFK%
ERmEIER - EHEE  REBRXEAS
fifAE R A 45 BB 1) » 8 B e g 7O Wk 38 A T A=
A7 o Hasegawa & @Il 14 FERIEEL & > EC
FRE /N5 ppb » BAFR T2 H#®ER
Mk R —2 o 54 > Diachenko %5 % 3 Y 8
b BEHREERMECTHEERS ppb
BAPF R 2 2 RIFK > 7] GBI B2 bR G 84 38 IR
BHARAE R WEFEARRE T -

E

=]

— ~ AR IR AE P R A SR AT B K
FEAFRGEESR KB FPECZSE
& EIWEREECHINE A 40 ~ 533 ppb B A&
78.6 ~96.7% ; HAEW ECIEE - B MR K fr
i FH B 75 25 1 E o

T BEB AR ER R A ECAR R o
BB 27% (9/23) % 18% (4/22) » H: w4 #818 100
ppb EC 2 BEJHER i Al R A 55 2L FAE 9 KBS K 38
MBS TR EEREERE ZECHE YK
1410 ppb ©

T HMEBERZECH B ERRE20%
(16/81) e K G BIAME R K FHECHER
w0 S5 R 86% (6/7) 5 82.8 ppb ; BRIEIR 2 o
4351 B 50% (3/6) 5% 15.9 ppb ©

ats

A 5 AT B e fo AR 2B 4 4l B (DOH83-

TD-077), ¥ B L ©
SE R
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ABSTRACT

The objectives of this study were to determine the content of ethyl carbamate (EC) in com-
mercial vinegar and non-alcoholic fermented foods and beverages which retailed in domestic
markets.

Non-alcoholic beverages were extracted with methylene chloride using solid phase extrac-
tion, then concentrated. Other fermented foods were first pre-extracted with acetone, and then
treated with petroleum ether and solid phase extraction. The content of EC in the extracts of
the samples was detected by a capillary gas chromatography with a flame ionization detector
(GC-FID).

The recovery of EC in the non-alcoholic beverages spiked with 40 ppb of EC was 24.5%,
however, the recovery ranged from 85.0 to 96.7% when spiked with 67 to 533 ppb of EC. The
recovery of EC in other fermented foods was 86.7% when spiked with 40 ppb of EC.

The content of EC was higher than 100 ppb in some samples of rice vinegar and blended
vinegar. Most of non-alcoholic beverages do not contain EC, except two fermented milk prod-
ucts of which the EC were higher than 10 ppb. In other fermented foods, the highest EC con-
tent was observed in sufu (mean 82.8 ppb), whereas the contents of EC in miso and inyu were
15.9 and 19.1 ppb, respectively.

Key words: ethyl carbamate, non-alcoholic fermented foods.
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