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Advances in the detection of ethyl carbamate in fermented foods
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Abstract: Ethyl carbamate, a group 2A carcinogen, has been widely detected in fermented foods and its safety has drawn increasing
attention. Many countries have established limits for ethyl carbamate in fermented foods. This article reviews the contamination situation of
ethyl carbamate, systematically summarizes and compares the detection methods of ethyl carbamate reported in both domestic and
international literature in recent years, including chromatography, spectroscopy, electrochemical sensor method, paper strip colorimetry, and
immunoassay. Finally, this article proposes the future development directions of residual detection technology for ethyl carbamate in
fermented foods.
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Table 1 Limited standards for ethyl carbamate in alcoholic
beverages abroad
% ‘ lgﬁﬁﬁ‘{ﬁ/(p‘giﬂ) : _
WAW A W s G
SN 30 400 150 100 200
eS| 15 — — 60 —
HEYE 30 400 150 100 200
i 30 — — — —
ot — 800 — — —
% — 1 000 150 — —
Fii 1 — 1000 — — —
HZ& 30 400 150 100 100
| — 1000 — — —
ey — — 210 — —
[ — 1000 — — —
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Wt 25 43 B B AR 1 K e, R T R b X K
fH R EC E AT TR . b BRI R 2B A
EC Iy FZRPE ", Feh [, 2 b EC K R 7E 98.5%
DL P02 ] e R G AR 6 R 4 R RE £ (2016—
2019 4)WF5E K& B & BT EC P2 i 43 800 10.1 pe/kg,
R T4 s e REETIFEN 1 (19.8 pe/kg)™' . RELEY
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(B T B HLAG T FAR AP (1 53 3 DX (% EC 15 4
7] REAR SR AFAE , Fe EC ¥5 Y /KO 5 i3 711 3K 264.56 pg/L, i
FInEE K 2 2 B R bR e R (150 pg/L)™> 2, % F
SRS NE R K7 @25 N i 1 ) 5 SR S SN (= B N S
EC K H % 7E 66.6% LA I, 4% S0 EC K H 5% K & i v
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EC & AT oK o A% 58 92 58 = K0 Jy v 32 B AL 45 A 2
T — 43 6 B v | 0RO €8 T — 5% % A T 7k (HPLC-
FLD) . #8 /& AH W M 8 3% — & 4> BF B 3% % (UHPLC-
HRMS) S AR 4335 — 5T 3% 1 i (GC-MS) .4 — 48U AH
3%/ KM B AR I 1 (GC X GC/FID) o s [a) 46 I J7 12
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T, A B K 99% , {EL RS I BR 45 w5 (174.8 pg/L) o
Th 44 2 SR 9- o i B AT A — TG £ B 0 B R RO R
33— B GRS I 25 (HPLC-FLD) J7 ¥ % 3% B4 vh EC & &
HEATRGI , 5 5 7R % Tk i e T SRR A i L (LA
HAEIN o Atk — 29 T 935 F 4 L Santrickova F PR
JH9- i Wi 37 A AL 4545 HPLC-FLD J7 32 % S5 | 5 035 3l
S Z B B R T EC BEAT I i B K IR
(250.0 pg/L) , ANTE TR EFE S T A, BEAh , I 8 450
F H R 32 2 M #R (4748 EC, EC-D5) -UPLC-HRMS 4 il J7
PG b BEC HEAT AR, kK R 3.8 pg/L, 5 M
AL, A1 28 P4 s d 2 0 ) 7 VS I A 24 B T 4 A 5 4
RO, (AR W 5 2 b A e, LT B R E RIS 3
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B PRS2 06 S bR A I vk N B T B R
AL T R AT AL AL IR A T 25 . W ER AL DR T
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A A, 22 12 46 0 9 Bl A 10~800 pg/L, K i FR M 2.2 pg/L,
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Table 2 Comparison of conventional detection methods for EC
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e e At A 4k P
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SR R (L 9- % I A AR A B 250.0  9.0X10*~1.4X10° 84~104 35 [34]

WA T 4 SO Bl £
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R AP I A6 A T B T2 B A TR 1.5 2.0~1.0X10°  95~100 =>60 [37]
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Table 3 Comparison of rapid detection methods for EC
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Va o8 (=} % By I\I 1 32 4/%
WiR’S JegiE- ip Ab 3 (pgl ) (pgl ) [l i il /min ik
i FI 209 MO R BB M Br,-NaOH 38 %66 1.7 1.7 5.5~200.0 98~103 35 [39]
RS R i R Ak 1R 0.6 1.0~200.0 85~109 18 [40]
=] i BE Ak 2 0.9 1.0~100.0 84~110 — [41]
i A =i 2.9 0.9~8.9 < 10* 83~110 6 [42]
AL [#] AF A% B 0.4 8.9~4.5%10* 95~107 =10 [43]
SR/ i TR Ak B 194.0 890.9~1.8X10° 93~100 <5 [44]
P T PR Ak 1 0.9 1.8~2.1X10° 95~98 5 [45]
Y ¥ 0.5 35.6~4.5X10°  100~103 5 [46]
kRl T e Ab 34 1.0 10.0~1.0X10°  101~102 =30 [47]
KB — 8.0X10* 8.9~445.5 — ) [48]
PR In i 45 Fii B Aub 7 0.2 0.2~2.2X10° 73~108 >30 [49]
AR ik ERL] i B Ak 21 2.1 10.0~60.0 96~101 10 [50]
(SR v 6.4 10.0~200.0 91~101 10 [51]
ERL] Jo 14.2 20.0~200.0 96~101 10 [52]
AN AN 9- (kI AT AR 5.4 8.7~32.0 87~94 =5 [53]
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Kl EC. Han 559 M # 7 — B 28 S 4T (o 3L 2L 47y
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44 51 R 98 2 KON T A I EC, R I 2% P Y5 R R 1.0~
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TSR T TR | BB R N BR BT A g, AHEE SE R R HR
ATl e S T Ao T L AR APV G T

XA YR M Ag-Au B 4 A K BR B B
SERS 77 ¥ % 4 2 28 184 tf EC #EATH I, 3L T 1 442 em ™!
FRAE W TR 5 EC M B Y 42 1 06 R S PR E i A
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A 2K 2 B0 A, K 5 B8 E J7 ik GB 5009.223—2014¢ & /i
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Figure 3  Preparation process of the carbazole-based COFs

and MIPs on carbazole-based COFs

REFARWE BT E IR ORI E )GC-MS ik
Xof B B G AT A

32 HBUFEEESRIE

321 T HTHMEEGY B GREREGE S F
KA (MIP) 5HUEBUARSS & AL, A & Rk 0
il £ MIP B}, £ ZEASEAR 43 B AN T35 0 1% 00, [ B 0
BEML 4 F-MIP 5 B — i B[], Li%E 0% fH 2T MIP 45 57
P 5 MXene/ZIF-67 44 K il 75 575 K 1 H Ak 7 A% Ik 4
J5 ¥k EC HEAT A, 46 I J5 3 O 2 EC A£ERS ,EC 4 F
A7 45 B A7 5, BRI L A% 0, il L AL 2= 5 S FE AR EC A
FEAEWS , EQI AL i 25 i, o A% 3 T | i Ak 2 A5 50

231



232

% 3t B ADVANCES

3 3 PR A 5 AR b DT RS I EC 12 1% Jak A A I BRAIE &
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EC St b 2 A W A% 828 J7 1 %) 7 45 9 rf EC i 47 4G
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3 R (bHCR ) 588 73 220 18 ot &0 - o M ik =2, 5 15k
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carbamate detection
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