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Abstract: Ethyl carbamate (EC) is a Group 2A carcinogen and exerts cytotoxic and genotoxic effects. In China, high EC levels in baijiu have
attracted extensive attention. In this study, the EC level, precursor content, and fluctuations in acidity during solid-state fermentation of strongly flavored
and sesame-flavored baijius were investigated. In addition, the effects of pH, and urea and citrulline concentrations on EC formation during solid-state
fermentation were analyzed through simulations. At the beginning of fermentation, the EC concentrations in the fermented grains of the two types of
baijiu were >20 pg/kg. During fermentation, the fermented grains of the sesame-flavored baijiu displayed a significantly higher EC formation rate
(4.40x10”umol/kg-s) and a considerably higher EC content (140.55 pg/kg) than the grains of strongly flavored baijiu. EC accumulated in the fermented
grains of the sesame-flavored baijiu during the second to fourth weeks of fermentation. During the first three weeks of fermentation, the ethanol and urea
contents of the fermented grains in sesame flavored and strong flavored baijiu rose by 679.31%~181.89% and 87.54%~117.87%, respectively.
Cumulative citrulline concentrations were higher after three weeks of fermentation. Although EC concentrations exhibited no significant correlations with
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citrulline or urea concentrations during grain fermentation in sesame-flavored baijiu, simulation revealed that addition of urea and citrulline increased EC
content by 23.70-84.82%. Furthermore, urea promoted EC formation more vigorously than citrulline. Lastly, a pH lower than 4.0 promoted EC formation
during early stage fermentation. These findings provide new strategies to reduce the EC accumulation in baijiu during fermentation.
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concentration of fermenting grains during Baijiu preparation

22 HAEEAAXBIEPEAEFTR M <

& EE A

LSRG R L 2=, R A I A T
SR B BB R — . [EAEG T Ol R KR
[ RER G N (B 2), o 2 R B P s 7 R
3 G Ol REIREREE, N 4.52%~4.66%, KA
TR 15 S sl g N % 3.25%, BE&E K
AN ) IE K2 N 4.02%. Z205E, THEEE Tk
FETE 60%/ A7, HRYE CBEFNRTARY) 0 B R R R
B, EEEE R R NN TR 2 10°~10° 5,

69



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.8

HIFEREAN Rl A2 EC TR By, Ll & & it
IR

or  womam
5t -A—I&ég!

4_

3_

LR %

2_

1+

0 1 1 1 1 1 1 1 1 1
0 7 14 21 28 35 42 49 56

R A] / d

300
270
240 F
210 F
41 180F

W 150

£ 0l - AR
& JRER

90 C 1 1 1 1 1 1 ]

1 1
0 7 14 21 28 35 42 49 56
SRR / d

/ (mg/kg)

140

120 |-

100 -

80

RES &/ (mgkg)

- AR
40+ R ER

20 1 1 1 1 1 1 ]
0 7 14 21 28 35 42 49 56

SRR / d

80
70+
60 -
50
40 -
30+
20r = 2R
10 A IR

0 1 1 1 1 1 1 1 1 ]
0 7 14 21 28 35 42 49 56

RIS /d
B2 BBESABEIREGTCE. B, NaRS5RELEE
LiER
Fig.2 Ethanol, arginine, citrulline, and urea concentrations over

JRE L& &/ (mg/kg)

the course of solid-state Baijiu fermentation
WA NS R AR T B AR & B 2
BRI EFHES (E2), MKW 129.66 mg/kg

70

HhnE 218.69 mg/kg. MTEZMATIAR+, M
PRI | A INE s (276.98 mgkg), K
2~4 JE RS EIR & RO, Sl i)E 2 AR
RS BRI 209.46 mg/kg. KSR L —FE AR
RER, Wi ISR T 0@ R A UK AR A s
3k1F, EC HEFIAYIIUNEIR 5 IR W = 2 il
AR R R A, R K 3 BN I BRI PR 2
W=, TR BRI BE I RN 72 T 1 R R R 2R
Ol A Fp R Y F) 1 VP I R 2R R PR
3 EYEEN, X5 IR RSRE % (E D,
ZRRE B ES R B AR B R 2 & Bk & B R = 2
25 mg/kg. JNER & RARTE PIAh & BUR RS KB AR
HHRIUANFE]: 7520 BURE R R & PRI
QAR E RSN, (B =H 2RI TR, fERBER
WL 2 53.56 mg/kg; TEMRAANARE, NER & &
TEREAN R FE P SRR 3G IN, B&EN 56.67
mg/kg. KESIFEHNAR M R FEHEAHAR
i 7 845 (ADI @A) 2R a i A,
PR BB N RRIE R G IR B %, i
IR TR B (1) 4 B A RS 2 B A A R T4 T R
LR

23 AWBESRBDTET pH ERRZITH

g 3le

R R S R R R, K B YRR
40%~60%, KNEFHEMAEYIEIIAE A KA, 3
iR (ERFEAN pH BRI  AE KAREIRZ oK, 2
BRI B oS /U, DRI, IR R
MRS pH H, X T 7RSSR 0E.
W 3 B, TP AR R B A R RS TR 2 K T
1, pH B B Forp 2 A BRI AG S R = T
WAL, pH B WM TR BRI B R R TR
WA BUTES (1) SR FE S IR BE AT pH B T PR B 38
TZRAEBGEES, HIEARPHAT. WA RIBEE 1)
PR FETE R 3 8 o A i 2 KA BB, 1Mo pH
TESE 2 ARG T 2 A AHES . [EfERNE, A
RS AR | AR pH (B3 F s, KR 2 A S WAk e
TS pH EI4ERELE 4.0 LR, X BT AREE
KA, G BT EC RIERE. & =RIPUE HE
R A S pH A —EL, HIEARE S
FHTR, 7E YRR - R BERTHAN SRR EE RN, pH H R
MesA EF, X SR R A e —8, WA
SR S pH AL K.,



R EmiB Modern Food Science and Technology 2021, Vol.37, No.8

O egEm Fe HABFARFRIAR S AT 43 B0 1 FIE 2 s,
60 A iAN AP R B R b 25 5 AR FE RN pH (78 10 3%
o [ R, X 1A R R AR 3 e A A AR 5,
= EC 45 20 5 i R 1 R s 140 2 A 5
g0 BIEMN: WE S NRIRTEZ R i 6 A ki
201 Tk 5 EC AR EE (p>0.05); 7EIRER (W
10f A KB T EC 5NARR MR ZE MR, 57
00 7 12 21 28 35 4 49 6 AR EA. UL R A 1) pH
RN / d NG R AR RS LR BIERR EC, AW R

601 - S RER PP RS pH MEAE 4.0 B EC FFAAEE R, K2
55t AR A 0 pH M FEIE 4.0, USRI INE AR E S
sol BRI, 0 EC AR RIS, 2) t T
T 4st RIEIRERAR GBI 32 'C~38 C), RAMRS
sol JRETRLEC ARG (29107, BTiRpm s
WHARLTILR EC: 3) WEENEA KR, K)aE

3T Yy 50%, Ko HRRERBEER, FABM—NE
T T Al s 35 4 49 56 BEMTAFIFR, S B E RS B R A R

FAREEE AL EC. TEPIAMAES AR FE TSR
T 5NARK & B BB, S5 KEMRNE
AR PRETIRBERRHN, WAEE R ER
FAbIEm M N2 —FE R A R R, 258
VKT G 7AW Tl SN liRi=y SR PPN AL PR
KRIFMREFRNGTIT, A Bl RO 2Rk

RIS /d
E 3 BBESABEIEPBERE R oH ETHIER
Fig.3 Changes in total acidity and pH over the course of solid-state
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Table 1 Correlation coefficients between EC, ethanol, urea, arginine, and citrulline contents, total acidity, and pH during grain fermentation in

24

sesame-flavored Baijiu

HE [ Fd REF R B pH 14
EC 0.767** 0.492 0.055 -0.519 0.817*%  -0.768%*
o1 0.839%* 0.442 -0.122 0.963**  -0.818%*
FF& 0.343 -0.034 0.728%*  -0.698*
N3 0.723%* 0.408 -0.069
LENA -0.169 0.547
BBRE -0.779%*

E: Rk AR 001 KF EREF(RE). *RTAHXME 0.05 KT ERF(RE), TE.
%2 RBEDABESABIIER EC, Z/F, KRR, BREE. NS, SEREM pH Z BRI S AT

Table 2 Correlation coefficients between EC, ethanol, urea, arginine, and citrulline contents, total acidity, and pH during grain fermentation in

strongly flavored Baijiu

T H LB A& REHR AR B pH 14
EC 0.663%* 0.593* 0.875%* 0.435 0.888** -0.520
LB 0.819%%  0.784%*  0.806%*  0.749%*  -0.952%*
VS 0.787+%  0.883%*  (727%F  -0.743**
INEBR 0.663**  0.924%* -0.635%
LRV 0.596*  -0.733**
LEE -0.626%*
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