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Abstract: Ethyl carbamate, a type 2A carcinogen, widely exists in fermented foods and is generated by the reaction of carbamyl
compounds and ethanol. The amino acids in grape juice are transformed to carbamy | compounds viathe nitrogen metabolism of Saccharomyces
cerevisiae and in turn form ethy| carbamate. To examine the relationship between amino acids and ethy | carbamate in wines, this study used a
simulated grape juice lacking amino acidsiand compared its ethy | carbamate and urea content with that in normal simulative grape juice after
fermentation. In addition, an N15 isctope tracer was used to confirm the contribution of amino acids in the formation of ethy | carbamate. The
results showed that as the sole nitrogen fermentation source, diammonium phaosphate could not generate ethy | carbamate and did not affect the
normal fermentation process when it rep laced thermissing amino acids. Furthermore, urea and ethy | carbamate contents decreased significantly
in the arginine-lacking simulated grape juice after fermentation, whereas the lack of other amino acids had no significant effect on this measure.
N15 isotope tracing proved that the guanidine nitrogen atoms of arginine were involved in ethy| carbamate synthesis. The results of this study
provide anew.direction for mining the precursor of hazardous substances in fermented foods.

Key words:amino acid; ethyl.carbamate; urea; wine; simulated grape juice; isotope tracing

R 20 e P 2 TR S R T I PTG ) EE R
U5, FLAH RORN SR A A, L A, R
BRI BUE T SR UM, FESEAME R B OVE T
BRI A, 2SNk, BRER AT R T
Hid 32 MERERY, Kb LWERN LRSERN S
B 5 ME IR I 30%~65%P. ZUILHIIRZEE (EC)
Wiis BHEA: 2014-11-28
E&UH: EREANFESRIMIE (31101275, 31201354 )
TEEEN: kAR (1978-), &, SRTWIF, HRAME: ARERSRE
BIREE: ki (1978-), B, L, BMRR, xR ABeRRE

296

R BAR R AR — R 2A R80T, mThE
AL &Y Ol SN AR FERTEITT T, & PR
TR SRk ek B R R R . B2
A IR P IR A S5 T AR UK, X —
AR P ST, WA EER, FA
T HAD SR IR RURAAAE, e s i SeHE
BN AL, FERRVESAET, WA DA 2 S R A B
EC®. BRkSEmS, NEMBHIA AR EC MG,
BT AR A R SRR FURR R B, el LR A
WA & T A R AR R RS E R B



M BEmBHL

Modern Food Science and Technology

2015, Vol.31, No.9

SR ER AL S, MM EC, HRETEARA Y
i FR 4R

AR R RERE M S 50 ZAMANFIRIE B &
W, B SRR SR P AN ], 3204 B
BN (NCR) f5. AP BRI A &R
1 8] IR AL 32 2 BRI 250, AR =2k
BT AR TCEN], HAbZEERRIR WTREXT EC IIERA
] BEL RN ok, R DR DA A Pk SR B 1Y
B ERAMRTIR EC RITTHRANE I R AR £ERT
Ft EC HBEARTIART, CA7 752 KM AN se 4,
RSG5 5 EC AR S, ST IERER
AR KR 2 VE RV Ayt 8 R SRR RS A B AN
BEE, HERINEIRRZ WM T. A E AR
T3 TEE PR 3R SEIRAIER T IR 3¢ EC AYELIEHT 1
Ol (EXFRSEEM EC IR, BABEA L5 —
RN T ik, AN S R Y2 IR Bk S R
WE R EEEIRS EC IR, XIAIAER) EC RIAEIEIR
KRS RE [N B RS AT

1 MREREE

L1 JE RS R

2 0 e PR R 2 R TR A
Al JRER (GO AR (>99%) 2IHE %
Sigma-Aldrich {7l A7 ; L-F5ZUR-15N2 (>98%)
T H & K F| Giotto Biotech /4 wl;  9-Mili & (>99%)
b H 2£E Fluka W57 Allds O 0K LRz
NEGEAL, BERR. TARE. BRERTAIA AT, T EAR
Merck A w]; S MEREEIR (T2 W -5 RAEA
AIRAF] FeERlH ARl TWEIRE
=] g Kl B N B AR A .
12 &5 &4

U TR S BB £ Agilent 6890-5975, &[]
Agilent A ], Fl4 TR-WaxMS HIE (1 141(30m>0.25
mm>Q.25pm;.. Thermo Electron Corp.,Beijing, China);
H 3R 2 E Gerstel Multi-Propose Sampler MPS2;
AP 3, AF4ERE)K (85 umPA), 3k [ Supelco
ANFE]; BRIZTT Model 420A, Thermo Orin. =5 AH 2
WA Angilent 1200, FC#2OGRENIE: G1321A, £
Agilent A #]; i+ Agilent Zorbax Eclipse XDB-C18
column (250mm>4.6 mm, 5pum),

1.3 FIF &k
1.3.1 3

1.311 BaE& T (SG) BHE (L™D:

A BE (20090, FrIERE (69D, L-FRR (69D,
JRIERE (20mg).

THLER (L™D: KHPO, (750 mg); MgSO, 7H,0

(250 mg); MnSQ, H,0(4 mg); ZnSO, 7H,O (4mg);
CuS0, 5H,0 (1mg); CaCl, 2H,0 (155mg); Kl (1
mg); CoCl, 6H,0 (0.4 mg); NaMoO, 2H,0 (1mg);
H;BO; (1 mg), NaCl (200 mg)-

AKPET (LY: B (20mg); AE¥rE (0.003
mg); fifikE-HCl (0.25 mg); ALIEEESHCI(0.25mg);
AEE (2mg); ZERES (1L.5mg).

B (LD: L-RAER (Asp) (33.mg); -4
AW (Glu) (98 mg); L-22% % (Ser) (89 mg); L-
BEEHE (GIn) (125mg); L-HE#R (Gly) (7Tmg);
L-¥5 %R (Arg) (1000 mg); L-# &R AThr) (72mg);
L-ii&fR (Pro) (4983 mg); L-#iE iz (\Val) (31 mg);
L-NEIR (Ala) (3mg)f L-ZHZEIR (His) (21 mg);
L5522 iR (lle) (172mg); L& (Lew) (29mg);
L-ARAZ (Phe) (21 mg); L-FEE L (Tyr) (3mg);
WEERA 4% (DAP) (142 mg).

1312 DAP BFRIELMCE (L.

P PSS BRI IR, ] DAP B AR

T H IR

132" i Jrix

FR&E A& (¥ 5E: HPLC-FLD M9

EC &= I : HS-SPME-GC-MS 72, 85 um PA
RET 280 CRE4L1h, FWEELTFHRIEL I,
R OV IEE 3% (10000 r/min, 10min) 7.0 mL
N 20 mL AREFEIURH, TN 1.75 g FALE, hes
M, #ARKECEL, 7€ 55 “C K 500 r/min fH iR HEEAE
Y 30 min . £ i 3% B R Hh i [ Gerstel 2 Dh Redt i+
ARG A B PGSR RCKEU, 3 ASH
i ERE 1 250 ‘CHETL 10 min, B ARAEA,
W 2 mUmin, AT 2 SRR FHE &
FEIRTESE 50 “CLEHF 2 min, SRJ5 LA 5 C/min (K35 T
%230 'C, f##F10 min. MS Z&1FJy El HLESUE,
THRERE 70 eV, BTFUHIRE 230 'C, SIM KL
FERE LA N ZEBOR P 3T TS 2L, 2K 30 min
Ja, HGEHGHAERCK, N GCIMS [ERE I Hi AT
10 min J5 AR T EE BT

P BE R VR FEDIE . BUEE KR, 10000 r/min
20 10 min, U EJERFRE 10 5575 600 nm Tl
OD fH, LUKEMEFRIENSIL.

A R ORE FERISE : SBA LEMAR AN

297



M BEmBHL

Modern Food Science and Technology

2015, Vol.31, No.9

1.3.3 FdEAT
A SR A B0 0T S5 Origin 8.1 B3k
AL

2 ZR5iH8

21 EAEB G RN HIAE

IR T RE S G R AE K IR SE, KT
Tiif o AT DRUE SRR [ 2 TR AN M ] 419 1) 1 5 8%
HEBRIERE AR EC (M52, 5t Bk B — PP R TR b
I FRER S AT IR B2 . NN BRI i BEAS
SUMARRERE B AE K, RS ERL EC MR E . A,
FAV A A AT H R U 70 R A
(DAP) BB A% b R T R B is . AH
[F21F N, BERHE DAP RISt AIBIula &t bk %
ASTRIHIA] A2 A ) EC A PR S L 1

= EC 16

5T o EC(DAP) i

5t —*Urea
a .l -o-Urea(DAP) 4 %
2 2
= 13 =
= 3l
g 2
Mo 2 £

1 1

0 0

0 24 48 72 96 120 144
Time / h
1 FEARAEEY A0 DAP 15 Eorp &% 6 d HY EC FAFRZRIK
E

Fig.1 EC andurea content in simulated grape juice and DAP.
growth media during a six-day. fermentati on

ALLEY, ERAUEETTT, RI#6.d A EC &
FOEWT E, e L 6 il MR RS R 3 d
IKBIEE, Fem kil 2.8 mg/L, M5 & R % . £ DAP
BEFREERI S L PA SRR EC FIRER . A Sk 45
FAESET DAR A% %1043 Lk w5 T SN 7871 2
LA AT B BT DAP X R B R SN
i AR AR R I, H DAP AABR BRI R
LWL, AT [F) A i TRT B A A T R AT
FERERI S &, 4R WA 2.

N 2 fros, ANERAEEETT . DAP H 972k
TS RHERRE ($h 78 DAP) FIRH %) ATk
SENG, 7E 6 d KRB I, BEREAREIL WA, 1E
REEPIR ik 2R E W, AL 6 d SR AR,
RIEFRETE 6 d JErTiA 11%~12%, thAEEZEH, X
YUK DAP B Ak AR B & L RRHEATAIT T 25
1EH RIIERE .

298

a
8 i -
7F —— = —
6 i
5 -

o —=-SGM

O 4r ——DAp " ASer
3+ - AArg —+ALeu
2f - AGlu " AAsn
N e AThr —° AGIn
0 1 1 1 1 1 1

0 24 48 72 96 120 144
Time/h

Glucose concentration / (g/L) <

o

Alcoholic strength / (V/V,%)

Time / h
2 XB31Eh 0D (2), HEHE (o) FUBHEE (o) BT
4
Fig.2 Changes inOD (a), glucose leels (b), and alcohol content (c)
during fermentation
L5 bRk, fEEBE R R ARG A A b e A
) AT AL R R DAP BEATHT 702 5e e ATAT I, A
PRI & A R R A S A2 A EC AR
R, AR i DB B T T UK B i T
5 T P B TR P AR TP R A %

2.2 A EK KL

I3 SITE 7 P SRR BRI (RS AOUR 4571 R b 7eAH R
A [FMLEIRE I DAP, K% 6 d Jaill e H Ay EC Al
PREURSEE, ARSI B K G EC AR
RIRFEANR, #F TR LR EC KR, 4R IE
3. HE 304, HLLXTHE, DAP B U 2R sl
HIE T RIS, EC FMIRFIRERIEMFIE (Pr<0.05);
1l DAP & A &2 Je K% ), EC AR ZHIK I



M BEmBHL

Modern Food Science and Technology

2015, Vol.31, No.9

AR, THUEIR DAP R E2fG A4 ECFIIR % .
Al WA EC RIR R TTIRIRR, M E R
LR AR LX) EC AR Z I TR TCRE I o

W, RS AT SRR EER, A
T 7R A4 TR 1, TR I e R A PR,
DR A B A FE R, 10 2 I T RS R R L
EEEMENEARER. O KERE A RE
EC [ EL#ERT 4, MRS R BRI & B 5 EC A BELHAHK,
ARSI SE AR 1 X — . HAh EIERR T BECIE
PR AR EC, B R REGE T2 EC 5= el 2 4
SRMWILEIR, MIfiX EC MITER IR E M.

7r DEC 14

6 MUrea

3 13
9 4 c
E) 3
= 37 5 2
= &

2 i

1 11

SGJ DAP AArg AGlu AThr ASer ALeu AAsn AGIn
[ 3 T [EiEFE &B% AR =0 EC YR
Fig.3 EC andurea content in various growth media after

fermentation

2.3 AR E LE TR LR

N T K2 BRAE BB A R 1K), EC e,
EASAWLE], FRAT1 A EENLS bRic A 2R (hr
BRI F 1 2 MR, Ak BRI 2 g
PR O A A T RIS, 5d 5 % EC #EATREI
TR R R R A AR, /e MR M
F EC BB I, i PA—MeR i £8s 1RxT EC
AT SEME, IEPPRHERS TR bm/z )y 62, 74, 89;
Hrr miz89 N T8, WERE T miz74 (CH2=0+
-CO-NH2) #m/z 62.(C COH) 2=NH2+) #[kH T
“McLafferty+ 1 FIEHE B, BR b, brid FIFE 2R
K JG EC BMER 1ZIEHE miz 4 63, 75. 90, AR
i, BRI N RN Z T AR, ASTE [H]
L b 6 AN FRAZEL miz SREG I EC. EC Ik
PE PR A EILE 4, R LK 5.

HHE 4 71, fEARSISFMTT, EC HUERE Ny
30.427 min, ETEAEE, ToHARIRET . KEAREE
MR A, BIRUERET 6 MBS T AZLL miz, 2
FE P AR 20

a
5000

4500
4000 EC
3500 4
3000
2500 -
2000
1500 |

FE

1 L L

27 28 29 30 31 32 33 34 35 36
fif (8] / min

b 1500
1450
1400
1350
1300
1250
1200
1150
1100
1050
1000
950

i

/EC

260 265 270 275 280 285 290 25 00 W3 310 315 20 25 10
I 18] / min
4 BBEERR (a) MNISHEREE (o) KEEEHRT ECHY
EFETREIEE
Fig4 SIM chromatogram of EC in fermentedsamples with
nomal (a) andN15 (b) arginine

10000

8000 [
74.0
6000 |

4000 -

Abundance

2000 - 63.0

0
55 60 65 70 75 80 85 9 95

10000 |
8000 -

6000
89.0

Abundance

4000 -

2000 F 630 }

0
55 60 65 70 75 80 85 9 95
m/z

5 TEEEEE () FINISHEER (b) ZE#HERY EC FutE
Fig.5 Mass spectra of EC in fermentedsamples with normal (a)
and N15 (b) arginine

299



M BEmBHL

Modern Food Science and Technology

2015, Vol.31, No.9

1l 5 ATLAAE 6 ok R K% Je Ak EC 4
TEWE R85 Bk 6 B+, XET m/iz=75 Fl
mM/z=T4 FIFIXTHRE 3 EC WG - 16 52 A5G
KIL 15N bRid MR IR KI5, miz=75 4% s T
m/z=74; TS8R ER K G, miz=75 IH4IKT
m/z=74. K mIz=75 5 miz=74 KB PR sksE 1
Rl EC A1 15N EC /2584 AT . RIS 11
BIRTFHIES 56T EC,

3 g

3.1 AWHRN, 1RZ%H D4 RIENEEREE) NCR
RUBLE%t EC HIAE pr= B8R, 1 A kA E
W5t EC HIRTIART, 2 &IMngei)E, Kl
iS5 EC MMM, HTAM I SEI] G2 4 )5
S5 T RS P RE PRI RV, 32 s S AR Uy ) 4
R EC WA, BT LAZEEIIAR U2 EC (MRTIA
VIR, BRI . BT LA Z A 4T EC
IHT A R AR LB, ASCIERTAL EC M EIER
RIARRS, SR TR IR 1R e, 58] 750
NHFRIR S R SR EC K ooTmk
IRK, M H B Z SRR EC FITERRIE R R .
ST RN EC R B S A i kbse, HAl,
W A WK FZ OB T EC AR HIRIZRIRGE, %5k
AJ LA 0 AR 7 VA
3.2 RIS BT iz R, TS MME S
YIRE R B iz BN, FHR - iSIg A R E
(1 BTSSR A miz (W5 AR, BRSBTS
A ZAe W AR ), B INFRC AR R R S
EC W A4 miz 63, 75, 90 1, IR AR #f
DA 15N EC eI i miz 24 63575590 3K 1 .
AR S 5038 I AR NS A RS 2 R e R R
J& 1 EC B FHEF. RIUE EC 204 5 )44,
B 7 m/z=T75 5 miz=74 I8 BERL 2 A # A, B
15N k%% R JSHY EC FHIER + m/iz=75 5 m/z=74
(SR BERGERN T8, TRl =% % J5 1Y) EC RRAE
BT miz=754 miz=74 W5RE SU2 /N 1, uEB T 15N
EC MM KEATAE e A SEEG A F% @ GC-MS, ik
3|7 X5 15N EC 18 EC AU H Y, IFRH 7 EC A
JE 7503 IR TR R IR R T, AR S
B G RR A 2R AR AL T 7 VA 4

A ik

[1] Ancn-Azpilicugta C, Gonz&ez-Marco A, Jiméez-Moreno
N.Current knowledge about the presence of amines in wine
[J]. Critical Reviews in Food Science and Nutrition, 2008, 48

300

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

(3): 257-275

Bisson L. Influence of nitrogen onyeast and fermentation of
grapes. [C]// Proceedings of the intemational symposium on
nitrogen in grapes and wines. Seatle, USA: American
Society for Enology and Viticulture, 1991: 178-189
Henschke P A, Jiranek V. Hydrogen sulfide formation during
fermentation: effects of nitrogen composition in model grape
musts [C]// International nitrogen symposium on grapes and
wine. Davis, Calif: American Society for Enology and
Viticulture, 1991: 101-158

International Agency for Research on Cancer (IARC).
Alcoholic beverage consumption and ethy | carbamate; IARC
monographs on the evaluation of carcinogenic risks to
humans [R]. Lyon, France, 2010

Weber J V, Sharypov V I. Ethyl carbamate in foods and
beverages: A review [J]. Environmental Chemistry Letters
2009, 7(3), 233-247

Arena ME, Saguir FM, Manca de Nadra MC. Arginine,
citrulline and ornithine metabolism by lactic acid bacteria
from wine [J]. International Journal of Food Microbiology,
1999, 52(3):155-161

Azevedo Z, Couto JA, Hogg T. Citrulline as the main
precursor of ethyl carbamate in model fortified wines
inoculated with Lactobacillus hilgardii: a marker of the levels
in a spoiled fortified wine [J]. Letters in Applied
Microbiology, 2002, 34(1): 32-36

Ough C S, Crowell E A, Mooney L A. Formation of ethyl
carbamate precursors during grape juice (chardonnay)
fermentation. 1. Addition of amino acids, urea, and ammonia:
effects of fortification on intracellularand extracellular
precursors [J]. American Journal of Enology and Viticulture,
1988, 39(3), 243-249

Monteiro FF, Trousdale EK. Bisson L.F. Ethyl carbamate
formation in wine:use of radioactively labeled precursors to
demonstrate the involvement of urea [J]. American Journal of
Enology and Viticulture, 1989, 40(1): 1-8

ZhangJ, Liu GX, Zhang Y, et al. Simultaneous determinaion
of ethyl carbamate and urea in alcoholic beverages by
HPLC-FLD [J]. Journal of Agricultural and Food Chemistry,
2014, 62(13): 2797-2802

Eva Valero, Carmen Mill&, José M Ortega, et al.
Concentration of amino acids in wine after the end of
fermentation by Saccharomyces cerevisiae strains [J]. Journal
of the Science of Food and Agriculture, 2003, 83(8): 830-835


http://www.ncbi.nlm.nih.gov/pubmed?term=Anc%C3%ADn-Azpilicueta%20C%5bAuthor%5d&cauthor=true&cauthor_uid=18274975
http://www.ncbi.nlm.nih.gov/pubmed?term=Gonz%C3%A1lez-Marco%20A%5bAuthor%5d&cauthor=true&cauthor_uid=18274975
http://www.ncbi.nlm.nih.gov/pubmed?term=Jim%C3%A9nez-Moreno%20N%5bAuthor%5d&cauthor=true&cauthor_uid=18274975
http://www.ncbi.nlm.nih.gov/pubmed?term=Jim%C3%A9nez-Moreno%20N%5bAuthor%5d&cauthor=true&cauthor_uid=18274975
http://www.researchgate.net/journal/1610-3653_Environmental_Chemistry_Letters
http://www.ncbi.nlm.nih.gov/pubmed?term=Arena%20ME%5bAuthor%5d&cauthor=true&cauthor_uid=10733246
http://www.ncbi.nlm.nih.gov/pubmed?term=Saguir%20FM%5bAuthor%5d&cauthor=true&cauthor_uid=10733246
http://www.ncbi.nlm.nih.gov/pubmed?term=Manca%20de%20Nadra%20MC%5bAuthor%5d&cauthor=true&cauthor_uid=10733246
http://www.researchgate.net/journal/0168-1605_International_Journal_of_Food_Microbiology
http://www.ncbi.nlm.nih.gov/pubmed?term=Azevedo%20Z%5bAuthor%5d&cauthor=true&cauthor_uid=11849489
http://www.ncbi.nlm.nih.gov/pubmed?term=Couto%20JA%5bAuthor%5d&cauthor=true&cauthor_uid=11849489
http://www.ncbi.nlm.nih.gov/pubmed?term=Hogg%20T%5bAuthor%5d&cauthor=true&cauthor_uid=11849489
http://www.ncbi.nlm.nih.gov/pubmed/?term=Citrulline+as+the+main+precursor+of+ethyl+carbamate+in+model+fortied+wines+inoculated+with+Lactobacillus+hilgardii:+a+marker+of+the+levels+in+a+spoiled+forti%C2%AEed+wine
http://www.ncbi.nlm.nih.gov/pubmed/?term=Citrulline+as+the+main+precursor+of+ethyl+carbamate+in+model+fortied+wines+inoculated+with+Lactobacillus+hilgardii:+a+marker+of+the+levels+in+a+spoiled+forti%C2%AEed+wine
http://www.researchgate.net/journal/1520-5118_Journal_of_Agricultural_and_Food_Chemistry

Modern Food Science and Technology 2015, Vol.31, No.9

[13] WangD, Yang B, Zhai X, et al. Synthesis of diethy | carbonate
by catalytic alcoholysis of urea [J]. Fuel Process Technol.,

2007, 88(8): 807-812

MR B
[12] Delledonne D, Rivetti F, Romano U. Developments in the
production and application of dimethy Icarbonate [J]. Applied

Catalysis A: General, 2001, 221(1-2): 241-251

301



