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ABSTRACT 
It was studied that ornithine transcarbamoylase played important roles in ethyl 

carbamate (EC) formation. Ornithine transcarbamoylase (OTCase) can degrade 

citrulline, a precursor of EC, through arginine deiminase pathway. Therefore, they 

are generally added to regulate EC catabolism in rice wine fermentation. In this 

work, OTCase were added in different concentration and ferment time. It turned 

out addition of OTCase could reduce EC to some extent, especially for low con-

centration enzyme addition and mid-stage addition time. Furthermore, the produc-

tion of amino acids, volatile flavor compounds and sense of taste were not mark-

edly affected. The discoveries reveal that EC can be reduced by supplying 

OTCase while rice wine leavening.  

 

Key words Ethyl carbamate, Ornithine transcarbamoylase, Rice wine fermenta-

tion, Enzyme inhibition  
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1. INTRODUCTION  

Ethyl carbamate (EC or urethane), which has a poten-

tial carcinogenic effects on animals and humans, ex-

ists widely in various fermented foods and alcoholic 

beverages such as grape wine, Chinese yellow rice 

wine etc (Lachenmeier et al., 2005; Madrera & Val-

les, 2009; Fu et al., 2010). With the ever-growing 

demand for beverage consumption and internationali-

sation of Chinese rice wine, more attention should be 

paid to the safety, especially to EC.   

 

One of the most common precursors of EC is urea 

that can be formed by arginine degradation in yeast 

cells or existed in raw materials. Another precursor is 

citrulline, an intermediate of arginine degradation that 

occurs by the arginine deiminase (ADI) pathway in 

wine lactic acid bacteria (LAB) strains (Liu et al. 

1995) which has also been proved to contribute as 

equal as urea to the accumulation of EC in wine (Liu 

et al. 1994; Mira de Orduña et al. 2000).   

 

Wine companies have seeking different techniques to 

eliminate EC formation, among which enzymatic de-

composition methods have attracted increased atten-

tion. Until now, there are two enzymes have been 

widely utilized, namely urease and urethanase, which 

can directly target at urea and EC, respectively (Yang 

et al., 2010; Fidaleo et al., 2006; Mohapatra & Bapu-

ji, 1997; Chun et al., 1991). While there is barely re-

search has focused on the ornithine transcar-

bamoylase (OTCase), an enzyme which can decom-

pose citrulline during ADI pathway as shown in 

Fig.1.  

Fig. 1. Illustration of Arginine Deiminase Pathway 

(ADI pathway) occurred in the Lactic Acid Bacteria 

(LAB) 

Research on OTCase usage in Chinese Rice Wine 

was found to be limited. Previous researches were 

focused on OTCase deficiency on human, an OTCase 

enzyme deficiency leads to decreased production of 

citrulline, interruption of the urea cycle, increased 

orotic acid which is produced by excess carbamoyl 

phosphate, and ultimately life-threatening hyperam-

monemia due to the inability to excrete excess nitro-

gen (Christan et al., 2017; Brassier et al., 2015). Ac-

cording to our prior research, OTCase had a negative 

relationship with EC content, which suggested that it 

may have an inhibition effect on EC formation (Fang 

et al., 2015; Fang et al., 2019). However, there is no 

direct relationship between the OTCase and EC.  

 

Herein, this research was targeted at cloning OTCase 

which generated from Lactobacillus brevis, added 

directly into the wine fermentation process after en-

zyme purification. Interestingly, it was found that the 

addition of OTCase made little influence on amino 

acids, volatile flavor compounds and sense of taste 

but significantly reduced the content of EC, especial-

ly for low concentration enzyme addition (LC) and 

mid-stage addition time (12D).Thus, we developed a 

novel and practical method to inhibit EC during rice 

wine fermentation process through the low concentra-

tion addition of OTCase at the 12th day of fermenta-

tion.  

 

2. MATERIALS AND METHODS  

2. Materials  

PrimeSTAR Max DNA polymerase, Restriction en-

zyme BamHI、SalI, T4 ligase were purchased from 

Takara (Japan). Bacteria DNA Extraction Kit, Plas-

mid DNA Extraction Kit, PCR Purification Kit, Gel 

Extraction Kit, Gel Purification Kit, Isopropyl-β-D-

thiogalactopyranoside (IPTG), Arginine, citrulline, 

urea, ornithine and ninhydrin were all purchased from 

Sangon Biotech (China). Ethyl carbamate standard 

was purchased from Sigma-Aldrich (America), Ni-

NTA Superflow was obtained from Qiagen 

(German). The starter and wheat Qu that used to fer-

ment wine was obtained from Tapai Company 

(Shaoxing, China).  
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2.2. Stains and culture conditions  

The Lactobacillus brevis was collected from Food 

Microbiology Research Key Laboratory of Zhejiang 

University which was grown at MRS broth: 1% pep-

tone, 0.4% yeast extract, 0.5% beef extract powder, 

2% glucose, 0.2% dipotassium phosphate, 0.5% sodi-

um acetate, 0.2% tamoxifen citrate, 0.02% magnesi-

um sulfate, 0.005% manganese sulfate, 0.1% tween 

80.  

 

The Escherichia coli strains (DH5α & BL21) were 

activated in LB medium: 1% tryptone, 0.5% yeast 

extract, 1% NaCl.  

 

2.3. Cloning of OTCase gene  

Genomic DNA was extracted from Lactobacillus 

brevis. Primer sequences were as follows:  

5’-cgcggatccATGACTAAGGATTTTCGGGAAAATGTA

-3’ (underline was recognize as BamHI), 5’-

acgcgtcgacTTAAGCTCGTGGAATGAATAAGTTACCT- 

3’ (underline was recognize as SalI). PCR procedure was 

set as: pre-denaturation for 5min at 98°C, 30 cycles of 

denaturation at 98°C for 20s, annealing at 58°C for 

15s, extension at 72°C for 90s, and a final extension 

at 72°C for 7 min. The PCR products were purified 

after electrophoresis. By using restriction enzyme 

BamHI and SalI to degrade both PCR purification 

product and plasmid pET28a, T4 ligase was applied 

to ligate them together so as to form the recombinant 

plasmid pET28a-OTC.  

 

2.4. Expression OTCase gene in E.coli and protein 

purification  

The recombinant plasmid pET28a-OTC was trans-

formed into E.coli BL21(DE3). To express the re-

combinant OTCase, a successfully cloned single colo-

ny was picked and inoculated into 5 mL LB medium 

by shaking at 220 rpm at 37°C overnight, and then 

transformed into 200 mL LB broth by shaking at 220 

rpm at 37°C for 2-3 h until OD600 was reached 0.6-

0.8, IPTG was added to induce expression of the en-

zyme. After fermentation, cells were harvested by 

refrigerated centrifugation and resuspended in 30 mL 

buffer (50mM NaH2PO4, 300mM NaCl, 20mM Imid-

azole, pH 8.0). Next, cells were disrupted by ultrason-

ication to extract the enzyme and cell debris were 

removed by high speed refrigerated centrifugation. 

The crude enzyme purified by Ni-NTA Superflow 

Column eluted with a gradient of imidazole (20, 50, 

100 and 250 mM) in 50mM NaH2PO4 and 300mM 

NaCl. The analysis of purified protein was carried out 

by SDS-PAGE, and protein concentration was deter-

mined by method of Bradford protein assay.   

 

2.5. Fermentation with purified recombinant 

OTCase in Chinese rice wine  

Chinese rice wine was manufactured as described by 

Fang et al. (2015) using five sample groups, namely a 

natural fermentation group (CK) and groups treated 

with purified OTCase in different concentration 

(High concentration: low concentration=3:1) at same 

addition time (12days) and different addition time at 

same concentration (middle concentration=2), eg 

5days and 12days of fermentation (HC, LC, 5D and 

12D, respectively).  

 

2.6. Quantitation of EC, extracellular urea, citrul-

line and OTCase activity  

EC content was determined by a previously described 

method (Fang, Dong, Xu, He, & Chen, 2013; Fu et 

al., 2010). Urea and citrulline were quantified by 

spectrophotometry according to the methods of Fu et 

al. (2010) and Boyde and Rahmatullah (1980), re-

spectively. OTCase activity was detected by Carrasco 

et al. (2003).  

 

2.7. Analysis of amino acids and volatile flavor 

compounds  

The content of amino acids was analyzed by automat-

ic amino acid analyzer (L-8900; Hitachi company, 

Tokyo, Japan). The volatile flavor compounds were 

analyzed by headspace solid phase microextraction 

gas chromatography mass spectrometry (HSSPME-

GC/MS). The detection method was performed ac-

cording to Chen & Xu (2010) and Fang et al (2015).   

 

2.8. Gustatory analysis by taste sensing system-

electronic tongue  

Electronic tongue systems have been developed for 

taste measurement which include sweetness, bitter-

ness, sourness, saltiness, richness, umami, astringen-

cy and aftertaste in accurate taste comparison to de-

velopment oral formulations. Here we were using an 
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electronic tongue to detect the accurate taste meas-

urement.  

 

2.9. Statistical analysis  

Data were analyzed using Design Expert v. 7.0 soft-

ware (Stat-Ease Inc., Minneapolis, MN, USA), and 

results were reported as means ± standard deviations 

(SDs) of at least three determinations. Significant 

differences between treatments were determined by  

Tukey’s pairwise comparison test at a level of P < 

0.05.  

 

3. RESULTS AND DISCUSSION  

3.1. Effect of OTCase on EC formation during 

Chinese rice wine fermentation 

As shown in Fig. 2, LC and 12D was beneficial to EC 

level reduction. The level of EC in low OTCase con-

centration group (LC) was significantly lower than 

most groups include control group and remained sta-

ble the whole fermentation process, while the higher 

EC content was observed in the high OTCase con-

centration group (HC). As for different enzyme addi-

tion time, the EC content in mid-fermentation time 

(12D) significantly exceeded that in early fermenta-

tion time (5D) especially after 12 days of fermenta-

tion. However, the reason why HC and 5D group 

have higher EC rather than control group remained 

further research, maybe because they have induced 

EC precursors in some extent.   

Fig.2. Variation of EC content in different treatments 

during the processing of Chinese rice wine 

 

 

In general, LC and 12D group could inhibit EC for-

mation prominently, i.e., the EC content at 20 days of 

fermentation could be decreased to 20% as the natu-

rally fermented wine.  

 

3.2. Comparative analysis of urea and citrulline 

during Chinese rice wine fermentation  

Urea is the major precursor of EC produced by yeast 

in traditional Chinese rice wine (Fang et al., 2013), 

therefore, to reduce the accumulation of urea could 

decrease EC concentration.  

 

The remaining citrulline in the culture is the balance 

between arginine degradation and citrulline consump-

tion. Citrulline is also belong to the main precursor 

produced by several lactic acid bacteria (Mira de Or-

duña et al., 2000; Azevedo et al., 2002).   

Fig.3. Variation of urea and citrulline content in dif-

ferent treatments during the processing of Chinese 

rice wine 
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Comparing the experimental groups with the control 

in Fig.3, all experiment groups showed more favora-

ble effect on higher levels of extracellular urea in fer-

mentation broth, thus the amount of urea available for 

generating EC was lower. This conclusion is in ac-

cordance with the result in Fig. 2 except for 5D 

group. This maybe because adding enzyme at an early 

stage may induce the formation of EC precursor.  

While HC group also showed some extraordinary 

change during fermentation time.  

 

During 35 days of fermentation, extracellular citrul-

line level shows a different trend than that of urea. 

OTCase is the enzyme which degrade citrulline into 

ornithine. As a result, control group (CK) produced 

the highest amount of citrulline than experiment 

groups, which in accordance with the variation of 

Fig.3. Meanwhile it can be assumed that middle con-

centration of OTCase have better degradation effect 

of citrulline even than high concentration group. 

  

3.3 Effect of different treatments on OTCase dur-

ing the processing of rice wine  

Arginine is one of the major amino acids found in 

grape juice and wine (Lehtonen, 1996). Degradation 

of arginine by wine LAB occurs via the arginine dei-

minase (ADI) pathway (Liu et al., 1996 &1998). It 

involves three enzymes: arginine deiminase (ADI), 

ornithine transcarbamoylase (OTC) and carbamate 

kinase (CK). According to our prior report (Fang et 

al., 2015), the increase in OTCase could lead to the 

reduction of extracellular EC. It can be seen from 

Fig.4 that LC group ranked the highest while CK 

stayed lowest because of no OTCase addition which 

in accordance with EC variation in Fig.2. At the pre-

fermentation stage, OTCase activity increased until 

reached the peak, then fluctuated during the following 

days. That is mainly because OTCase was activated 

by arginine in the beginning. The rapid growth of mi-

crobes in rice wine resulted in substantial arginine 

consumption and therefore, OTC activity should be 

decreased until a relatively steady level was reached. 

While addition of OTCase break down the balance as 

a result the curve started fluctuated. Overall, OTC 

activity was negatively correlated to EC production in 

accordance with our prior conclusion (Fang et al., 

2013).  

Fig. 4. Comparison of OTCase specific activity in 

different treatments during the processing of Chinese 

rice wine 

 

3.4 Basic quality analysis of rice wine 

3.4.1 Comparative analysis of amino acids and vola-

tile flavor compounds  

Chinese yellow rice wine is known as ‘Liquid cake’ 

which contains various bioactive components such as 

amino acids (Niu et al., 2008). Fig.5 showed amino 

acids variations in different treatments of rice wine. 

The amino acids in LC group were almost higher than 

the control group except for hydroxy and acidic ami-

no acids. While the other experimental groups 

showed reduction as compared to CK. The result indi-

cated that adding low concentration of OTCase pro-

moted more amino acids formation than other treat-

ments.  

Fig. 5. Comparison of amino acids in different treat-

ments during the processing of Chinese rice wine 
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Aroma is a crucial determinant factor of rice wine 

quality and is dependent on various volatile flavor 

compounds formed during fermentation process 

(Chen, Xu, & Qian, 2013). In this study, thirty flavor 

compounds were identified by SPME-GC-MS. Table 

1 only listed major eight flavor substances. There 

were high levels of alcohols, esters existed in rice 

wine, while some phenols, organic acids, carbonyl 

compounds and nitrogen-containing compounds were 

also presented at low concentrations. According to 

Table 1, the major aroma compounds were isoamy-

lol, isobutanol, phenylethyl alcohol, benzaldehyde, 

Ethyl caprate, diethyl succinate, ethyl octanoate and 

ethyl palmitate. It was obvious that alcohol content of 

all experimental groups was higher than that of the 

control group. It is worthwhile mentioning that phe-

nylethyl alcohol is an important compound with a 

rose-honey-like pleasant flavor which is favoured by 

consumers. Benzaldehyde is the most widely used 

aromatic aldehyde in food industry, here we could 

see OTCase addition can benefit benzaldehyde pro-

duction. Besides, esters were also important aroma 

compounds found in all groups. Interestingly, key 

ester compounds in experimental groups were higher 

than control group. In general, the addition of 

OTCase displays a potential ability to induce aroma 

formation.  

Table 1. Volatile flavor compound relative content (%)in Chinese rice wine 

Compounds CK LC HC 5D 12D 

2-methyl-1-propanol 1.5±0.07% 5.22±0.26% 6.03±0.3% - 5.99±0.3% 

3-methyl-1-butanol 6.68±0.3% 17.3±0.86% 17±0.82% 43.48±2.17% 18.36±0.9% 

Phenylethyl alcohol 2.22±0.1% 4.21±0.2% 5.2±0.26% 9.78±0.49% 8.81±0.44% 

Benzaldehyde 0.17±0.008% 0.48±0.024% 0.970±0.049% - 0.8±0.04% 

Ethyl caprate 0.04±0.002% 0.06±0.003% 0.02±0.001% 0.01±0.001% - 

Diethyl succinate 0.05±0.002% 0.11±0.005% 0.12±0.005% 0.12±0.006% 0.12±0.005% 

Ethyl octanoate 0.07±0.003% 0.2±0.01% 0.15±0.007% 0.23±0.01% 0.22±0.01% 

Ethyl palmitate 0.03%±0.0015 0.17±0.008% 0.02±0.001% 0.08±0.003% 0.06±0.003% 

CK: Control group; LC: OTCase added in low concentration; HC: OTCase added in high concentration; 5D: OTCase added in 5 Days of fermentation; 

12D: OTCase added in 12 Days of fermentation 

3.4.2 Gustatory analysis of different treatment 

of rice wine  

Electronic tongue systems have been developed 

for taste measurement which include sweetness, 

bitterness, sourness, saltiness, richness, umami, 

astringency and aftertaste.  

 

Taste is another crucial factor which governing 

acceptance of product through mouth. Previously 

taste analysis method was adopted by human 

panel of tasters. However, the drawbacks are 

prevalent. Nowadays electronic tongue sensing 

system, a device mimics the human tongue, has  

received increasing interests and been widely 

used in food industry (Han, Huang, Teye, & Gu, 

2015; Sliwinska, Wisniewska, Dymerski, Na-

miesnik, & Wardencki, 2014).   

 

The radar plot of Fig.6 presents taste impression 

towards different treatments of rice wine. The 

curves were overlapped to a great extent which 

means there was no obvious difference in the 

overall taste. Only for saltiness all experimental 

groups were a little higher than the control 

group.   
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Fig. 6. Radar plot of rice wine taste 

 

4. CONCLUSION  

In the present work, we found that the addition of 

OTCase made little influence on amino acids, volatile 

flavor compounds and taste analysis but significantly 

reduced the content of EC, especially for low concen-

tration enzyme addition(LC) and midstage addition 

time(12D).Thus, we developed a novel and practical 

method to inhibit EC during rice wine fermentation 

process through the low concentration addition of 

OTCase at the 12th day of fermentation. However, the 

EC inhibition effect is not perfect, so the future study 

may focus on modification of OTCase.   
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