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Dependence of Ethyl Carbamate Formation on the Fermentation
Variables in Korean Traditional Soysauce

Hyun-Jung, Chung and Hoonjeong Kwon

Department of Food and Nutrition College of Human Ecology, Seoul National University

Abstract

Ethyl carbamate is an animal carcinogen and a by-product of fermentation. Since the highest level of ethyl
carbamate was found in a traditional soy sauce sample in the previous study, soysauce was prepared in vary-
ing experimental conditions with three kinds of meju originated from different area of the country to in-
vestigate the factors affecting ethyl carbamate formation. The sample analysis methods included a semi-pu-
rification with solid-phase extraction and detection by GC-MS at SIM mode using m/z 62 fragment ion.
Among the investigated factors, which includes source meju, brining length, salt content, irradiation of visible
light during brining or storage, and storage length, source meju and storage length showed most profound ef-
fect on the formation of ethyl carbamate. Irradiation of visible light for 12 hours a day during storage lowered
the concentration of ethyl carbamate compared to the soysauce kept in the dark. Meanwhile irradiation during
the brining as well as the degree of salt contents showed no effect.
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Table 1. Sample names and their preparation schemes

Brining Brining Salt Storage Sample
Length = Ir- Used fr- Name
(Days) radiation radiation
Light  30L15L
15% —
Dark  30L1SD
Light
Light  30L20L
20% —
Dark  30L20D
30
Light  30D15L
15% —
Dark  30D15D
Dark
. Light  30D20L
Meju: 20% g R
Jaln Dark  30D20D
SangSeo
Poong 15% —
Dark  60L15D
Light
Light  60L20L
20% —
Datk  60L20D
60
Light  60D15L
15%
Dark  60D15D
Dark
Light  60D20L
20%
Dark  60D20D
et
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Table 2. Formation of ethyl carbamate in soysauce prepared with SangSeo meju in various experimental conditions

Brining Brining Salt Storage Ethyl carbamate at various storage point* (ppb)
Sample  Length fion (%) Iradiation
(days) 30 days 90 days 150 days 180 days 1 year
30L15L 30 o 15 o) 0.6 0 - 4.7 9.3
30L15D 30 o 15 X 0.6 4.4 - 7.4 11.7
30L20L 30 o) 20 o) trace 0 - - 72
30L20D 30 o) 20 X trace 52 - - 5.6
30D15L 30 X 15 o) trace 0 - 51 55
30D15D 30 X 15 X 0.6 26.7 - 7.7 12.0
30D20L 30 X 20 () trace trace - - 11.7
30D20D 30 X 20 x 0.1 4.3 - - 13.1
60L15L 60 (o) 15 O 0 trace 0.6 - 11.0 -
60L15D 60 o) 15 X 0 0.1 31 - 15.6
60L20L 60 (o) 20 0 trace 0.1 - - 17.6
60L20D 60 o) 20 X trace 0.3 - - 7.9
60D15L 60 X 15 o) 0 0.1 14.4 - 51
60D15D 60 X 15 X 0 0.1 2.1 - 59
60D20L 60 X 20 o] 0 1.5 - - 8.9
60D20D 60 X 20 X 0 0.1 - - 22.9
*single determination. - : not determined. (:: not detected. trace: peak shown but too small to be integrated.

Table 3. Formation of ethyl carbamate in soysauce prepared with ChungPoong meju in various experimental con-

ditions
Samole 1132:":}% Brining Salt Storage Ethyl carbamate at various storage points* (ppb)

P (da}%s) Irradiation (%) Iradiation 3¢ days 90 days 150 days 180 days 1 year
30L15L 30 o 15 o] trace 1.2 - 1.0 5.7
30L15D 30 le) 15 X trace 27.5 - 26.1 39.4
30L20L 30 O 20 o) trace 1.3 - - 80.8
30L20D 30 O 20 X 0.5 425 - - 16.4
30D15L 30 X 15 o) 0 2.0 - 12 30.7
30D15D 30 X 15 X 0 214 - 301 233
30D20L 30 X 20 o 0.2 0.6 - - 165.4
30D20D 30 X 20 X 0 36.1 - - 29.7
60L1SL 60 @) 15 @) trace 0.3 77.0 - 56.3
60L15D 60 @] 15 X 0 1.4 54.8 - 181.6
60L20L 60 o) 20 o) 0 495 20.4 - 11.6
60L20D 60 O 20 X 0 0.2 - - 355
60D15L 60 X 15 @) trace 22 62.4 - 27.3
60D15D 60 X 15 X 0.1 1.1 47.1 - 327
60D20L 60 X 20 o 0 21 - - 11.0
60D20D 60 X 20 X 0.1 0.8 - - 223

*single determination.
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: not determined. : not detected. trace: peak shown but too small to be integrated.
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Table 4. Formation of ethyl carbamate in soysauce prepared with Jaln meju in various experimental conditions

Brining

Ethyl carbamate at various storage points* (ppb)

Sample  Length B[rini:g S«;h Sltorzge Before  After 150 180
(Days) frad. (%) frad. boil boil 30 Days 60 Days 90 Days Days Days 1 year

30L15L 30 o 15 o 0.5 12 282 - 98 250
30L15D 30 o 15 X L5 17 trace 13 16 - 184 167
30L20L 30 o 20 o 20 22 24.2 - 63 400
30L20D 30 o 20 X 14 14 trace 13 16.7 - 234 507
30DISL 3D x 15 o 0 3.3 27 - 19 251
30D15D 30 x 15 x L5 14 1.0 14 87.4 - 260 272
30D20L 30 x 20 o 0.4 15 31.4 - 294 877
30D20D 30 X 20 x 13 12 0 1.3 6.9 - 157 217
60L15L 60 o 15 o 0 14 11 16 - 28.7
60L1SD 60 o 15 x 20 L5 0 14 52.6 59 - 312
60L20L 60 o 20 o 0 13 0.7 13 - 262
60L20D 60 o 20 X L5 16 0 13 13 15.1 - 28.4
60D1SL 60 X 15 o 0 13 0.7 12 - 247
60D15D 60 x 15 x 13 12 0 12 19 189 - 30.4
60D20L 60 x 20 o 0 17 0.4 5.8 - 21.6
60D20D 60 x 20 x 13 23 0 13 0.7 17.5 - 20.9
*single determination. — : not determined. 0: not detected. trace: peak shown but too small to be integrated.

100
[ -0~ ChungPoeng, ngm — @~ ChungPoong_Dark
~—&— Jaln_Light —&— Jain_Dark

- O - -SangSeo_Light -~ @ - -SangSeo_Dark

50

Ethyl Carbamate, [ppb)

~

400

Storage Period, [Days)

Fig. 1. Concentration of ethyl carbamate in soysauce
during storage.

Each point represents the mean of ethyl carbamate con-
centration in soysauce prepared with different meju at
specified storage points regardless of experimental con-
dition except irradiation during storage. Closed and open
symbols represent samples stored under dark and light
respectively.
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Table 5. Selected fermentation indices and urea for
the soysauce prepared with Jaln meju measured at 90
days of storage

Ethyl

Salt Total

urea

Sample carbamate* content  acidity pH
Gpb) (%, wiv) (%, wiv) @P™)

30L15L  18.34 15.40 1.48 136.40 6.20
30L1SD 1.04 18.18 1.62 25.32 6.90
30L20L  15.74 32.63 2.84 52.36 5.07
30L20D 10.82 2785 2.61 10576  5.01
30D15L 1.74 26.21 4.71 87.56 513
30D15D  56.74 25.88 2.48 152.47 6.33
30D20L 2038  27.94 2.61 55.45 5.15
30D20D 445 30.46 142 176.43  5.20
60L15L. 0.71 24.89 1.96 304.64 5.80
60L15SD  34.17 32.58 3.87 50.75 5.72
60L20L 046 3358 225 33720 536
60L20D 0.84 36.95 437 97.73 5.22
60D15L 0.46 28.01 3.78 400.87 5.2
60D15D 1.26 33.96 3.83 307.99 5.25
60D20L 027  31.62 1.94 16558  5.62
60D20D 0.44 29.69 3.26 348.14 5.85
A4 AN Al A e sl B 44
out, YT AR A5 HF 1 ARSE 2

Ql 2 A28 At YR AR RS 3
2o WAF EC o] ] welr}. 22] 23 Table 62
Azt E vhehbEo] AR|7|7ke] 7} B4
EC Ao & od3Fe F2] B3l Aoz Agt=c)
ol Febdon W ol A gladrh] xoks
37| F A== ECH) e Ahde ot

Z /\}_‘:_
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Table 6. Statistical analysis of the factors which affect ethyl carbamate formation in soysauce”

Wilcoxon 2-sample test

Kruskal Walis Test

Classes
Z value Pr>|Z| Chi-Sq Pr>Chi Sq
Source (Meju) cs? 9.61 0.0082
Brining Length 30/60 days 1.1524 0.2492 1.331 0.2486
Brining Irradiation Dark/Light -0.1031 0.9179 0.0109 0.9168
Salt 15%/20% -0.5828 0.5600 0.3412 0.5592
Storage Irradiation Dark/Light -1.54391 0.1226 2.3877 0.1223
Storage Length 30/60/90/150/180/360 126.09 0.0001

*Anaylyzed by nonparametic oneway procedure (Proc NPARIWAY of SAS system).
°C, J, and S represent meju originated from ChungPoong, Jaln, and SangSeo, respectively.
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