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Effects of Different Sorghum Cultivars on the Formation of Ethyl Carbamate
in the Solid—state Fermentation Process of Chinese Liquor

CAO Shuai, WU Qun, XU Yan®
(School of Biotechnology / Key Lab of Industrial Biotechnology, Ministry of Education,Jiangnan University,
Wuxi 214122, China)

Abstract: Ethyl carbamate (EC) is a carcinogen which is widely found in alcoholic beverages. The
changes of EC and its precursors in the solid-state fermentation process were explored to illustrate
the effects of various sorghum cultivars on EC formation,which could provide a theoretical
foundation to decrease the content of EC in Chinese liquor. The results showed that the final EC
yield in waxy sorghum (S3) was 4.27 mg/kg and higher than that in non-waxy sorghum, which were
4.06 mg/kg for S1 and 4.21 mg/kg for S2,respectively. Moreover,the average accumulation rate of
EC in S3 was 0.39 mg/kg/d which was 1.6 times as high as that in S1 (0.22 mg/kg/d) and S2 (0.24
mg/kg/d). Citrulline and urea were found to be two major precursors of EC in the solid-state
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fermentation process,where citrulline mainly contributed to EC formation in S1 and S2,while urea

gave more contribution in S3. In addition,cyanide was not involved in EC formation during the

solid-state fermentation. This study indicated that the effects of different sorghum cultivars on EC

formation were significantly different. The control of EC precursors by choosing appropriate

sorghum cultivars could effectively reduce the final EC yield in Chinese liquor.

Keywords: ethyl carbamate, sorghum, solid-state fermentation , precursor, Chinese liquor
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Table 1 Relevant information of different sorghum

cultivars

W3k B 1]

S1 RE T 2012 4F HE S IR

2 FEZRILES 2012 4F 3R IR A
S3 PEPERTES 2012 4E IR, aa
S4  REPERE 2012 4F AR AR )

S5 PEARILE 2012 48
S6  HEZALE 2012 4F

B R
KR R

113 £ & AE SO A S B (GC-
6890N-MSD 5975): F[H Agilent 2 F) = i 5 {031 4
DB-FFAP:60 mx0.25 mmx0.25 wm J&W Scientific
N AR A SRS (MPS2) . fiE[E
Gerstel 28 F) 7= i 5 B AR G PA . B2 35 R
AEEA PR B 77 i RS WA 35 1 (Ag1100) Fic
AFERAE A SRR GRS A I g - 35 [ L
AT b A3 . ODS HYPERSIL 250 mmx4.6
mmx5 wm; 7GR U e (R ) AL A R
il

1.2 SLWAH%

121 mwkied SRR, FEWE N 100 ¢
Ly SR I, TRV EE S 10 o/ L SRS AR T
VW, TR E O 400 mg/L; B AL LS g BE FATE
MR T 150 mL 197K FAIA 0.5 ¢ N AR 3E
BV P FE AR, EARE 500 mL,4 CHAE; B
L3 g B ZRRE T KT, A 15 mL Bk
WE E A 2 50 mL,4 CEEGIRAE, I pH 7~8; IR &K
VW, R BE SR 25 mg/LL, G AT B B B 5 VR B A v
W

122 ZEEH R 100 mL 2 K H 1
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Fig. 1 Manufacturing process of solid—state fermentation of Chinese liquor.
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Table 2 Contents of cyanide and arginine in different

sorghum cultivars (calculated by dry weight)

5 i A (g/ke)
S1 1599.891 3.06°
S2 652.66° 3.02¢
S3 327.90* 3.84¢
S4 378.29"° 3.36"
S5 714.02¢ 335"
S6 1281.64¢ 3.06°*

FE A R OR ) AR (AR BT I 2 22 5 (p<0.05)
2GR 6 Bl A ALY R Bk
FHX A E R o 0 AT O 2 g 22 5, N,
V3 LURAR Wy o 20 JOE R A o, 1 ) 2% 6 vy B
rh UL ) 5T 3 AR s AR AR Y ST RS2 LA K KR
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Fig. 2 Changes of ethyl carbamate content in the solid—

state fermentation (calculated by dry weight)
P2 W], 3 Bl S A R T IR By B9 i 5 d
WA E] EC, HMAREE 5 dJ5,3 Fhm sk
B B BEC & B0 A MU A A B 3 0 25
75 EC #5847 T2 it 8] B 8 s 52 S1(8 d) Al S2(5
d) Y EC T8 A T A R , MR = 3 S3 Ry

EC JFUG 7 T R W0 (14 d) o
#3 ESEBIBTEERMZIEORLBNTHRK
R LR

Table 3 Comparison of final yields and average formation

rate of ethyl carbonate in the solid —state

fermentation
| AR O R e A i/
(mg/kg)
S1 4.06 0.22
S2 421 0.24
S3 4.27 0.39
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Table 4

Accumulating or consuming rate of ethyl
carbamate, citrulline and urea from 14 d to 17

d in the solid-state fermentation

S1 1.66 -4.76 0.61

S2 5.15 -6.67 0.22

S3 3.24 -0.42 -7.41
S1-S3° -0.49 10.33 -
S2-S3 ™ 0.37 14.88 -
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Fig. 5 Changes of ethanol content in the solid —state
fermentation (calculated by dry weight)
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