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Determination of Ethyl Carbamate in Commercial and Homemade Maesilju

Dayeon Ryu and Eunmi Koh'

Dept. of Food and Nutrition, Seoul Women’s University, Seoul 139-774, Korea

ABSTRACT

This study aimed to develop and validate an analytical method for ethyl carbamate (EC) in Maesilju. For accurate analysis
of EC in Maesilju, an internal standard (ds-EC) and neutralization (pH=7) were performed. The limit of quantification (LOQ)
was 3.65 ppb while the recovery rate ranged from 92.54% to 103.59%. Intra- and inter-day precision ranged from 0.87% to
1.99% and 2.67% to 5.64%, respectively. Maesilju samples comprised 10 homemade and five commercial ones. Samples
contained EC at levels between 118.48 and 2,640.42 ppb. The average content of homemade Maesilju was higher than those
of commercial ones. Based on manufacturers’ labeling of commercial samples and information on homemade samples, various
factors such as ingredients and soaking time of Maesil affected EC level in Maesilju. EC contents showed a positive

correlation with age of Maesilju.
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d3E 559 AF E &
b M o|tHKFDA
SollA =gt
(stone fruits: 2F
T, wA, Al R Axd Batsh SFFA w4
#AZH A tHWeber & Sharypov 2009). $-2luiete] tid f%
el A 957 R, AT HAF, &F 2HE,
BAthE FFste] dg7tutvo| E g EAe A3, vy
Aol oEhulvo]E i F=7} 79.18 ppbR 71 =
THKIm et al 2013a).

7ol A B F2 EA s AlhEAZt A
7hEEE] 2 Abslo)] o] AleHibd(cyanate) 2 HEHE] =H|
(Fig. 1), o] B4o] oe-&3} nkg-3le] od7tuluo]| 7} A
e gdelA At Zimmerli & Schlatter 1991). $-2] U}
o] wjA AujA AL 19821 156 ha, 19923 880 ha, 20073
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4418 haZ A|&Z 02 Folx|1 9o (Chung KH 2013),
AAFAE 19899 459 Yol|A FF3] F7}ske] 20139

= 1,8529 fo2 AA F=Ark(Fig. 2) (Statistics Korea
2014). SEA|RF w2 A7 d o] £2] e7] wiiZel 6€7 o &
g vl AT (Maesilju), a8 Qe S EA)), K
A7) 2, Aedg] S o7 72 EtiChung KH 2013). 2011
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3 AF AeEAr Arbel wEd, A 167] Al - =ell AF
ah= 1 154 o] d 1,000 0] 11d7F 71 o] nlal &
T ST HEL 21.0%°S 2 YERFSTHKFDA
2011).
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A& A7 A ste] #elsta qith
Frgol 15% Mkl Em=Fof o d7hut]
%7} 30 ppb= A% = o]
|82 A sl A
Gmes) e, s A8l el A7,
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et al 2013b; Hwang et al 2009). 53]
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Fig. 1. Possible pathway of ethyl carbamate formation in
Maesilju.
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Fig. 2. Production amount of Maesil fruit in Korea.
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1. Alek & HZ

Y& = 2| EK(dichloromethane) J.T.Baker(Center Valley,
PA, USA)°| HPLCH & &7kt el E, F-e7}
HlH|o] E, S4B E -2 Sigma-Aldrich(St. Louis, MO, USA)
oA, ds-clle 7}t o] E= C/D/N Isotopes(Pointe-Claire, Que-
bec, Canada)ollA] 43513t} A3 EEFES SAMCHUN CHE-
MICAL(Pyoungtack, Gyeonggi-do, Korea)ol| 4] <15} o,
A4 7 (Chem Elut, 50 mL)2 Agilent Technologies(Milwau-
kee, WL, USA)llA 48ttt 2F 7Hg oA g mjd 7=
A7, B, AetE, FHE AFelA F 1070 A5t

sk,

HOoFA o} RATHEETE

JE Ak AlgolA A= e 498 adF s7ie vt
EoA FHE A

W=
EEEYY Qo Eg WREZED oDl

g¥ A Eslo] oA & g-alA1A 1,000 pg/

EEl
M
0l
12

o EF§U WREFEAL WE AT A9 Mg
ZRFE H7ee] 400 ngml F=

sle] Al AR ALgateiTh

1o,
=
Tz
22
N
o
N
o
£
o
N
B

AR AGAS o] fal 27 WREFEE S AL
23Tt 2Fe] FEPHA|(KFDA 2008)
oA cE7tutro] E AJ@ o AMEE F-E7hatH| o] E(butyl
carbamate) ¢} o€ 7lulw|o| EQ] olEy] $4 5707 =44
(deuterium) 2 X|3+% ds-ol|& 7}n}w| o] E(ds-ethyl carba mate)
7t WEEFEAR 22 o] &HAtKTable 1). 3] & (reco-
very)= S4317] el AT F 8] AFE AFESIS]
omn, &g dEg7lupo| Eo] dhaS S8 1 g A9
gt & 3lEo] AtEAT Al AT FE b ol E
o} olgd7lupo] EQ] & 742t 500 ngol o, 7t AF-E 3
3] RiE-slo] ¥ AFu EEH A (relative standard deviation,
RSD)E AF&31ith

3) Al T2

ol 7lulro] Eo] F=&WH-2 AOAC *H(AOAC 2000)
3} A Fo|okEekdxie]l TAIMH(KFDA 2008)°] A3
th 1 N B ESE $98 234 7188 pH meter

Table 1. Properties of ethyl carbamate, butyl carbamate
and ds-ethyl carbamate

Ethyl Butyl ds-ethyl
carbamate  carbamate  carbamate
Chemical structure
Molecular weight (g) 89.09 117.15 94.09
Boiling point (C) 182~185 204 2

Log PV —0.327 0.883 -

D Log value of the distribution coefficient for octanol and water.
? No information.
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(3200P, Agilent Technologies, Shanghai, China)E ©]-&3}<]
pHE 783 =2 F3AZth F3hE v+ 10 g& B]A
A T YR FEFE2 100 ng(250 pL of 400 ng/mL)JJr =
T 40 g2 A7kl £ dSEER 5 g2 ¥
gajA17] & wAA ZH <] Chem Elutel]l 7tk ?%“/l:
mLZ H]#AZE 3+ Z Chem Elutle 2 &7 48371 3 X 5}o]
FAAE S T UdZFE2 2 e 80 mLE ol 7}u}
Wo|EE 23] &A% & £F9S 20T water bathol|A] 2
mL7HA] Z+H53+(SB-1200, EYELA, Shanghai, China)3}ith
FEAS vvial 2 711 37CE AR E Aa%Z7(MG-2200,
EYELA, Tokyo, Japan)E& ©|-83t 1 mLZ 3 &<l §%3
Atk A AZeE D /A A2 dE 7 o] E
;g]/ﬂ UJ ;(43]: H/\Jo]_oﬂq_. nE }\]g_‘_‘—_—_ 33;4 }ﬂ-ﬁ/x]zﬂz‘s} _:’5:

B3} ANEFARNE 2259

4) ¥z 59
A5 10 goll EFEZ 50, 500, 3,000 ngS H7lsle] A&

4 2 dephlel 22 $AsT. 5

o 5 717} 59551 Wintra-day), A= ‘?]-

2 2Ao] 594 Bt MY 131 WHES1c(inter-day) )5

= 1_}%—3}@1;}. AZ3HA)(limit of detec-
of quantification, LOQ)+= ®+-&-
710l 243k 3.3%0/S (o, WS-

1% N}t 10x0/SE AlAetSiTt.

o.?: il
=
;
57)
u
X
L

W M

5) Z2kM =

o= 1
TZE3Z] =

YEEE8gd gEz22ves /s WEEsEd 55
£ 100 ng/mLE 3}, EFEH-E 8714 FX(50, 100, 200,
500, 1,000, 1,500, 2,000, 3,000 ng/mL)% 7 FA-S 23815
ot WEEFEEAY 2FEAe] FEHE XFo2 sta, |
AU E YHOZ AE AFFA S o] &ato] dE 7l o]

ES Aot

6) GC/MSD2e| &4
d&7hutulo] ES] A B FFEAE Al AR 7171
+ GC/MSD(7820A Gas Chromatograph-5977E Mass Spect-
rometer, Agilent Technologies, Shanghai, China)3t}h AH2
DB-WAX(Agilent Technologies, 30 mx0.25 mm i.d., 0.25 um

o] ool = 311

film thickness) & AH8-3FA L, X714 99.9999%2] & &7}
2% 1 mL/min®] §52.2 9tk QL= 60T oA 90
T7HA B3 10C2 $2311, 130C7HA] 3 2TR 52 F
SETE A% F 220C7HA] B 20T S8k, 387t &

Aate] A2 FEAIHTE AR FUEEE B2 (split-
less) S AFE-31 2™, 079} transfer line 2 ion source <
T 747} 210, 240, 230 CHTE A 8T 70 eVE] o] €]
3l AA} F2 o] 23} (electron impact ionization) 2.2 ©]-23}
HRem, 150Ce] A543 (quadrupole) A& #2 &
g o]2o] el At Mg o] A T2 SIM(selected ion mo-
nitoring) WHOZ m/z 62, 74, 89 € 7HlHo|Es} BE
Fhaf| o] E2] ol m/z 64, 76, 94E ds-ol B 7l o] E2
Akl AFEEQITE AT e =8 Edlo| Q(fragments)
Ql m/z 622 m/z 749] Wl &S o] &3] JdE 7| EE &
4 A8k

. Aol REA AZ(Method Validation)
E

ld7petro] & w4l F2dS =171 sl 2714 ]
FETEH(Table D& AHESte] 3482 Plastalth o<
Fhiteo] Eo] W EFELR Zed7pbo|E, a7}

Hlo|E, ds-o|d7hutu| o] EZF AL&-H o] SIek(Kim et al 2010;
Lim et al 2011; Huang et al 2013). AOAC " (AOAC 2000)
A ALg-E ZZ2F7Male|o] E(propyl carbamate)= AJAte]
= A7] el A=Ak 2Fe] oREed A o] IA(KFDA
2008)°l|4 A18-E Fel7halH| o] E(butyl carbamate)2} o€ 7}
vhHjo] B9l o"&r] $4 5707} FAx(deuterium) 2 2] BHE
-7t o] ER A gjete] 3]4E-2 Hlwaigith &
AlFellA el 7hubo] £ 18.93 ppb7t HEE 217] wiell, 2]
FE2 AR WAEC] Sle dE7ht ol E S Al 9] g
Fo =z AXE At FEIhubr o] ES} ds- 01]‘5‘7}‘1}“11 [R=22
5] F&-& 77.47%2} 101.00%°] A THTable 2). ©
7hho| ES] &4 =7} 270 © 8o}, 54, #
2 570l d&7tutHe] Eg} xtol 7}l Wi, ds-ol 2 7}
vio] E= ole7]o] F4 5/RE AR X|ghE o] oe T}
npuo] Eo} Fe]3lehA ddo] fAksll 7] wEe
THTable 1). wekA] ds-oB 7kt o] E7} o[ & 7hulu] o]

1m
Heo o

Table 2. Comparison of recovery rates of internal standards, butyl carbamate and ds-ethyl carbamate

Spiked amount Butyl carbamate (n=3)

ds-ethyl carbamate (n=3)

(ng) Mean detected (ppb) Recovery (%)

RSD (%)

Mean detected (ppb) Recovery (%) RSD (%)

500 387.34

77.47 391

504.99 101.00 0.28
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o) rEEEde 4459

Aol HA e FPolA A FE T3 o fre
< SR AEE TP WENS W AR %
2}7F A SolAHA A& A (reproducibility)©] ]
] F-o| T Lachenmeier et al 2006). S+ 718k
& AN AL L3 FEIF 20% o dold oE st
o] EQ] 3|4g0] 120% o] e® IA Fokxittal K
71 W EoltkXia et al 2014). %A DA (clean-up)l A= li-
quid-liquid extraction T} solid-phase extraction(SPE)E ©]-8-3}
= Ao] A7 A ©&EA7] a1, 1M E(interfering com-
pounds)®] A| A E-&A ol B Atk Xia et al 2014).
SPE A7 2] Z7E°] primary-secondary amine %+ florisil
o Afelle 71k 22 AEat sheheo] 1hEgithe Al
gho] ik webA] & AFelld e f71AE ko]l w2 v
Fo| E4& 1esle] 2 A (sorbent) 7} T E(diatomite) 91
Chem Elute. 2 A&z} 313-&-& A A3t

AT FAER] & 371 FEe| dE7ubo] E
(50, 500, 3,000 ng)Z A7}k B2 A 92.54~103.59%
o] &S Yo, BNEZAAE 0.87~5.64%2 7}
HHE Bl 2 HAF 2A] 5 ERISH tH(Table 3). CO-
DEX<l|A] A|x|& 7 iAol A8 3]78 M= 70~120%,
FEEEAF s 10~20% o|je]ofof it} 2 Ao
3&3 JUEFEAAE CODEXS] ¥A417]50] F-359)
7] wfjzol og7lubdolE Ao m A jtelitt. A
o] HAE3A= 1.20 ppbol 2, A= 3.65 ppbe]AUTh

R LSRR EPE SEEpS
TH|o} WA S B8l AdAE 23 Ao, FBAFR) Y
Zrol 0.9992= XA (linearity)S VFERITE o] €7}
upr| o] ES} ds-o| D 7butu|o] E9] 3483} WA o] A% s}
o FEROEA R |7} ST el et A g A
s S7FelA S HolErt gkt o] E9) 427}
wlo] £l AN vlmet sk, Bajo] Ems 893}
m/z 94), MR 7|7} A AE Ertol&(m/z 742 m/z 76), 27
7} AAE 3 McLafferty A2l 884 (m/z 622 64)°]
FEA o & JEFITHFig. 3). 1 3 m/k 629} 647} FE$-
2 Yeh & 7 =(sensitivity) 2} A A (selectivity) =S 11

0 3@ HN e,
N R

Al

2 ¢

=3k

re
3]
rlo
=)

HOoFA o} RATHEETE

ol

to] ol o] &= Atk Aelo] 2 Z=(SIM mode)ol|A 7+
= =o]7] Yl 671 Bl -2(m/z 62, 64, 74, 76, 89, 94)°]
SREYT WHEEEAQ deogluliol e BXE
Q1 &7k o] E 232 15, 44—£, 15.68lA ZHZE o] 2
ErtEad A b sHA] 2] = ATkFig. 4).

1~ﬂ

2. Ojazo| of|27tHIn0|E &taf
A7t o] EZF BE wid S AlgeA] HEH A (Fig.
5), A& 4 33] RERo] Ao EEH A= 20%E EA StTh
A mjdFe] ddhutuol E e BlflE 4 11848
ppb-El FH U 2,640.42 ppbol At} ©]+= Kim et al(2013b)<]
AFolA Had dd fguigolsd Fufgh mjd o] g
Fhatel o] E w3l 79.18 ppby_u} =o Z=xjolt)
A ol Fo] 4FE FEE AZXTY o AW A
3171 Y&l F<4roldatS 3 71sk=dl, Hashiguchi et al(2010)
< AT vErsold b S 7S Wl hydrogen
cyanide”’} cyanate® AH8}E|= IS JAsle] o 7lalv|
o] E AAJo] Zra®tia B uslsith C1(197.99 ppb) A%
a2 55 A5 3] F4olaHikanhydrous sulfur
dioxide)°] #H7}5] 21 =H(Table 4), ©] &2 Absls=
< JAgte =z od7tbiHo] E Q1 cyanate] A4
AAAZ vk w8 AR dE7tutHo| E
% A F 2} ﬁ&*é% Ao E7] 8, AlF &7l £
719 AAs B TS Table 400 AASHATE 2 E wjad
AlJe A 7 e FEE C1(197.99 ppb)Al ESATE ©]
] 2= H/\I ,gJouo] 50%% q.f-'_ /\]294 uH/d gjouo] 61~
100%81 Aol Hlal Jhi2 e &2 Hgt7] wjZol, vt &
AR Ad7hbo| EVE O SN E Aoz A7 C3
(233.15 ppb) Al 2M = Cl A&} vRR7EA| = Frapobadit
°] 0.035% olst F7F=] o, T AL 62%= o H
Ekou, 4AE =547 10%E AU S AT FollA 7
ol dd7tutHo] ES] o] Wtd Ao g Azt vk
Holl, C4(1,076.82 ppb) Al RE wjalF oie] v]go] vlwmA
AT 10399 53717 B9t cyanate®} dFEo] WE-E-Sh
o 7HE =2 &9 od7hHolEVl ¥Ed Fo® Als
ok o& Alget 2 AFel mjde] #A AnjEE 2

l

Table 3. Recovery of ethyl carbamate, limit of detection (LOD) and limit of quantitation (LOQ)

Spiked amount Intra-day (n=5)

Inter-day (n=5)

(ng) Recovery (%) RSD (%) Recovery (%) RSD (%) =OD (ppb) FOQ (ppb)
50 103.59 1.99 97.88 5.64
500 102.78 0.87 102.66 2.67 1.20 3.65
3,000 92.54 0.87 96.79 3.88
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Fig. 3. Mass spectra of ds-ethyl carbamate (A) and ethyl carbamate (B).
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Fig. 4. Total ion chromatograms of standard (A) and Mae-
silju sample (B) at m/z 62, 64, 74, 76, 89 and 94.
EC and ds-EC represent ethyl carbamate and ds-ethyl carbamate,
respectively.

(461.05 ppb) A== = o] AnjE = AZ7HA] cyanate 2t
AT o] WS & 5 7] wjEo] dETputHe| EL

7F =& Aew sl AAlE 2 AlEe Feoldat

3,000
2500

2000

v=900538x +287.93

1500
R?=103328

EC Cone. (pph)

1000

300

0 . . . .
Aging (yr)

Fig. 5. Correlation between ethyl carbamate contents and
aging years of Maesilju samples.

Table 4. Ingredients” and ethyl carbamate contents of the
commercial Maesilju

Undiluted Anhydrous Proof of Ethyl
Samples  Maesilju  sulfur dioxide alcohol  carbamate
(%) (%) (%) (ppb)
Cl 50 0.035 14 197.99
C2 62 0.035 14 461.05
C3 62 0.035 10 233.15
C4 61 0.035 16 1,076.82
Cs 100 2 15 543.47

D This value is based on manufacturer’s label in Maesilju.
? No information.
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1
F
fo
_?{_ll
o
WS
N

22 C1 Al 8(197.99 ppb) .t} o & 7}miy]
AZHJE o] Aate mjd A9

7} 2.3v) =A
A 717ke] o a0 E Ao dES &

Lo o &
oy 10 o m
e
N
N,

oA @ wjAFe] og7lubo]E

& vjAFo] $FEK(153.91~1,193.36 ppb)

B} 2u) o]} YA EEEATE Kim er al(2013b)& w45
£ AzsHA £4717t] e od 7ol E s R E H
wek Ay, G3E FE 9 A A5 @] uhet A
Z % 15~9097H4 A& 15.60 ppbF-El 87.40 ppb7HA]
ol sul7kA] moltha Bmsigich £ Aol midde] &
o 8zt JAE AL Aoz Rl mjdFo] o 7hupd o]
E 3L 2,546.67 ppb= 71 l;a}u} o) 10 B9t &
g8 Alge] dE 7o E e 666.56 ppbi o8]

< 129.19~

ket o] AlEE 10d B & wloixlu} 4% 7)7ke] AR
o]l wjdo] EelA FelHo] AFHIUY] e,

cyanate2] &F&°| ¥okd Aoz AyZtET k4, 1d U &
AR A E Z 47771 ppbe] AEE AEE 109 B 54
AR A 29 dg7ta o] E9] 3/40] SPEE do &4
AIZL AZEe] Hls v wA B ko] odsuiHle| Evt A&
it dukd oz 3704 Wﬂ S Felehe A g,
ol AlEE 1d Bt v S shA] e S A S iTh
AAH oz wjdFe] 54 717}~ SR DR
o] F#AA(R=0.3328)S UEFATH(Fig. 5). cll& 7o)
E AL vjale] Eel AlY] T ket 8919 9k W)
u o] £ Ao HA4713te] e ao = 285K
= ge Zog AAE.

Hwang et al(2009)2 16%9}F 30% L3S Fxo| mjad3=

oA 180U 7HA] A7713k0] AoAFE & 7hutuo| E
o] Skt Bausksin) viae] A& 7|7to] Ao
A4E, AE 227t 22575 dE7hbo|E e St
HAk S JEE o Aol o] wow ot
Wiale] Hagk ZET ogrputio]E ghFo] Eolbsith
90Y =<t AEtulo 7 £=2433) njjaldl 7] Ao A= o€l 7}l
]E7]. 7425];] oko u}uﬂoﬂ Olzfggr 31_/\4 39S W= 60
AR 7ol EZF HEHJATHKIm er al 2013b). i
A Ao TS AZS S W e Er}
AR ehe Wil AR R AlZE AgolE oD}
ol E7} A tHHwang et al 2009). ©|#] 3+ AFAIE
) R, B Aol £ sjdFe 2] e
o2 AZHY] il ALslubo|E = Wi} 2 A
o= Ats¥Th

A HEAED F2E SRAA oDl E 4
$37] 918 Tk o] Almsle] g olerldg

O

ol

[e]
/Ko’é‘

e HOoFA o} RATHEETE

Esle] 24 e A EEUS AYAstE G249 arginase?]
genes XEF WE T HOA AASAU, acid ureaseS * €
, TREHS Vs W Sl A
dre]o] 285 tH(Fujinawa et al 1992; Liu et al 1996; KFDA
2011). "= FDA®} A XY o}tz sl= X729 g7}
v o] E &Hak& W5=7] 9]@l ‘Ethyl Carbamate Preventative
Action Manual’ & 23] =3 A ZHQASNA BF5k]
ogsluplo| & AL A7ksl & AL Austy YTHButzke
& Bisson 1997). F-EUtetoll A= 2 Fe]kFebd Aol < F7
Z o7l E(EC) A} miwd & HHEﬂO%(KFDA
2011) WjAFE A2 o oeke TS 50% ©]3t=
1, mjde] JE7|3te] Aojdg5 wid Aot E3d ]0&
sh=e] &%0] Eold F denE wjde E7]3HE 100
A oJE & AL dasta Utk T3 AFe] AERE
& Sl Ak A0S Fek o, AaalE A
o ) e olate] g ? *
Q7uhlol = A%

e m{)v

\:
= ] s T
g = Zﬂ% At gl

ﬂll

dE7lutrlo] Eo] YR EFEAR ds-olld 7o E} A
=t e tal o] Ee] Uu(intra-day), ¥ ZH(inter-day)
PEEE S4e 27, 3582 92.54~103.59%, ”tﬁﬁz
HA}E= 0.87~5.64%% CODEX 7|70l H-3taelsitt. A3
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