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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

() 4 % AR T A e OR

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% °
HERMECIEE & 67 ppb B » [ i 3 {f 1
85.0% * M= RE KM > Bk R AHEO04.7 ~
96.7% ) °
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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®

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 FooKE > TAFIES ~ XS ES MOKREE U > K
products ECEHERBMI R o Bk KEEA B NS 6 K
JERESEEREE 10 14 ARRMEA 1148 i 34.5 ppb

Sufu no. EC level®  ppb BIEC © BIBME 4 FF 7 T4 4 5 7 188.9 ppb
1 1479+ 169 MIEC » HEMMAIHKIgEH - HABEABEA

2 1324+ 17 S8 FERRE L 1314 » ARRRR 2 -9k EC » F

3 824+ 27 ¥ERER174.5 ppb s B3 > RA 1448

4 519+ 39 HEC» HE®E K459 ppb : DKM 114 > 4

5 112.5+28.1 9.3 ppbMEC  EHERAIF KM E EC ; BSMAE

6 524+ 05 BEER A 1M EC » 58 k5.8 ppb ©

7 nd. AT R R 2 SR YRR EC 5 T Ah 2 K g
Mean 828 Kt EC & 8 K 28.1 ppb o 7K SR Atk HIl 2 KA i
EC - H L #RBHEARZEFEREECE

@ Means = standard deviations of triplicate analy- BERMEK "REEESREBEE - EWEY
ses. Bk RS I LB B o ASHIE 5T A SR BE SRR R

522



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

M7 W+t =B B H 1 R R kR
BE H 5 AR o

EHE TR PR R B S8

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{ﬁ*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.

> BHABERECTRENERIL > FHHAR
HARZFEHR Y Z B RS BRRE 2 YHE
RRT B » R WA TR 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
fHEC& &K 20 ppb © B EZEECHFERE
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.
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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
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Determination of Ethyl Carbamate in Non-Alcoholic
Fermented Foods Marketed in Taiwan

SANSAN H. W. WANG AND GOW-CHIN YEN*

Department of Food Science, National Chung Hsing University, 250 Kuokuang Road, Taichung, Taiwan, ROC

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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