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Survey of Ethyl Carbamate in Long-term Aged Sake

Surina BOERZHIJIN, Atsuko ISOGAI and Nobuhiko MUKAI
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Table 1 The general profiles of the 43 bottles of commercial aged sake analyzed.

Production | Storage length | Polishing | Alcohol | Glucose Acidity AI.ni.no Absorbance at (nm) Aged
year (Year) rate (%) (%) (mg/dL) acidity 280 430 type
2018 3 40 16.6 2657 14 12 6.4 12 <15C
2018 3 50 169 1849 15 1.7 58 1.7 < 15T
2016 5 35 16.3 2056 1.1 1.0 5.1 1.0 < 15T
2016 5 60 169 3012 2.0 29 11.7 2.9 < 15T
2014 7 70 14.2 12085 4.0 35 478 24 Kijoshu
2013 8 65 17.7 1981 1.7 1.7 9.9 1.7 Ambient
2013 8 50 174 3692 1.1 12 6.6 1.2 Ambient
2012 9 65 16.7 7795 4.3 3.0 738 4.7 Kijoshu
2011 10 55 164 1587 1.3 1.1 6.1 1.1 Ambient
2011 10 50 17.7 2112 16 1.7 112 1.7 < 15T
2009 12 40 170 1547 1.3 1.3 6.5 1.3 < 15T
2008 13 70 12.8 4441 1.7 2.3 153 2.3 Ambient
2005 16 45 149 3769 6.1 34 195 34 Ambient
2004 17 35 16.1 3096 14 1.3 6.1 1.3 <15C
2003 18 60 184 2746 1.3 16 5.6 16 Ambient
2002 19 40 165 1898 14 12 6.4 12 <15C
2001 20 — 178 6000 4.0 3.0 225 3.0 <15C
2001 20 38 175 2527 1.3 1.0 58 1.0 <15C
2001 20 70 182 2129 1.7 2.2 222 2.2 Ambient
1998 23 40 175 2038 1.1 1.0 6.1 1.0 <15C
1995 26 60 16.0 1714 19 2.3 129 2.3 Ambient
1994 27 50 186 1755 2.2 29 18.2 29 Ambient
1993 28 60 184 2071 15 16 118 16 Ambient
1993 28 55 155 2584 12 1.9 53 19 <15C
1993 28 70 164 3500 3.6 3.2 515 3.2 Ambient
1991 30 40 182 1915 1.3 12 6.3 1.2 <15C
1990 30 55 172 1980 14 15 42 15 <15C
1991 31 40 189 1837 12 1.3 6.6 1.3 <15C
1989 32 40 19.1 1883 14 1.6 12.0 16 Ambient
1988 33 70 199 2695 2.0 2.6 21.0 2.6 Ambient
1988 33 30 169 1922 15 12 6.9 12 Ambient
1987 34 — 174 1167 2.0 25 10.2 25 Ambient
1986 35 50 15.7 2277 1.1 1.0 6.4 1.0 Ambient
1985 36 — 15.7 1328 14 16 95 16 Ambient
1985 36 55 18.0 2019 18 19 139 19 < 15T
1985 36 16.2 2536 37 2.0 20.0 2.0 Ambient
1984 37 40 18.2 1790 1.3 1.1 6.7 1.1 <15C
1978 43 60 18.0 1784 15 1.8 8.1 1.8 <15C
1978 43 169 5245 1.8 1.3 39.9 1.3 <15C
1978 43 40 172 1911 20 14 109 14 Ambient
1975 46 70 174 477 2.2 30 277 30 Ambient
1973 48 70 16.3 2903 2.3 27 16.3 27 < 15T
1968 53 — 204 3625 4.0 31 57.1 31 < 15T
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Table 2 Profile of 5 brands of aged sake analyzed.

Brand 1 2 3 4 5
Polishing 50% 40% 65% 55% 60%
rate
Storage -2C 5C~10T 0T ~30C 5C~25C 0T ~30C
temperature
Special e - o . . .
designation Junmai daiginjo Daiginjo Tokubetsu junmai Junmai
0 0 0 0 0
2
5 3 3 3 3
Storage length 4
(Year) 5 5 5
9
10 10 10 10
15 15 15 15
W B A WFZE AR HE AT K D T L .
’ " BRI UER
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11725720 1 3mLICNEREE#E L L T10 ppm
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Ty 2 ALETRALL. ThzF:F AL
JV— FNT3% 7 221055 BIRFE S 7%, A
I EEBI V=1 1 RAERImL
TIHAM L. R %2 K IRE4A0C 0 &R
HAREDIFIZ K BIRHMREBE S — KRNy T
LV (Zymark, 72X %) 12X b, #1mL
F T L. MOKGERE MY 7 289100 mg%
AWK L TGC-MSHORE L L7z, ik
GC-MS 7890B-5975C (Agilent, 7 AV #)
T, WL o RME i 2 Tt 5 72,
IR RISRTEBYTHY. AT AL
Agilenttt#DB-WAX (£ %60 m. W£E025
mny PEJE025 um)o A T AHEIE 1 100C (1
min) —10C/min—>146C (10 min) —10C/
min—155C (7.5 min) =30C /min—230C (3
min). FEAME :190C, A& 1uL (A
7Yy N A) AT AE D 1 mL/min (¥
VTAHR L ANYTA) A4 AL EL A
F VI C 230C. 4 4 LEE - 70 eV,
WEA+ >~ :62 (SIME—F), b5 2
77 =4 YimBE 220C., PREFRER © AV
NI VYRTFOVIZI566%. M VNI YIRT
F V13235557
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1. Concentrations of ethyl carbamate (ug/kg)

observed in three types of aged sake: low-
temperature (<15C) aged sake, ambient-
temperature aged sake and sake made from
arginase-deficient yeast, with 3-53 years of
storage length. O represents outliers of the
data and X represents the average value of the
data.
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Rice polishing rate 50%, -2°C, Junmai-Daiginjo-shu
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Fig. 2. Concentrations of ethyl carbamate (ug/kg)
observed in Junmai-Daiginjo-shu (n=2) made
from 50% polished rice and aged for 0, 5, 10, 15
years at —2T .
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Rice polishing rate 40%, 5-10°C, Daiginjo-shu

Ethyl carbamate (ng/kg)
)
S

0 3 5 10 15
Storage length (Year)
Fig. 3. Concentrations of ethyl carbamate (ug/kg)
observed in Daiginjo-shu (n=2) made from 40%

polished rice and aged for 0, 3, 5, 10, 15 years at
5-10C.
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Fig. 4. Concentrations of ethyl carbamate (ug/
kg) observed in sake (n=2) made from 65%

polished rice and aged for 0, 3, 10, 15 years at 0
—30C (ambient temperature).
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Fig. 5. Concentrations of ethyl carbamate (ug/kg)
observed in special Junmai-shu (n=2) made
from 55% polished rice and aged for 0, 2, 3, 4, 5,
9,10 years at 5—25C (ambient temperature).
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Fig. 6. Concentrations of ethyl carbamate (ug/kg)
observed in Junmai-shu (n=2) made from 60%
polished rice and aged for 0, 3, 5, 10, 15 years at
0—30C (ambient temperature).



THIR A 5365 % O R WIFARE X 0 ~154F T K
259 ug/kg?Z o7z (Fig. 4)o —75. U { Hifi
P THRE KA HI55 % O 45 FIFIK I 13 BR O
CHEWECEHESHIN L, 54EHUE (241 ug/kg)
T200 ug/kgZ Mz 72 (Fig. 5)o F72. WAEAE
7360 % O FKIE O F AL TIE, 3 FE M T243
ug/kgFTHINL 72 (Fig. 6)o FERBEEIEVE
TELPOEE IO W TiE, I R IcECA K
ARAE S, 3~ 5 AR DRI B CHEAF OIS
WL TETSNT200 ug/keZ B2 A6 05H -
726

PR SEIEA: PEERE TRERE L 72 A RIH OECH 71
7o 7225, HIRAEE Tl KECEHE 25779
/kgDIFWEAH 1 o AR RS 55 K O ZAE ©
$200 pg/kg® B2 LAV R N2 L5,
ECIRDOLED B % L EZ LN D, I~ DB
W2 B L 72 RIS o 5% Tk, IREIRAE
FEREDME AN X D IEE R OIRFEDO LR ZINZ 5
KANFNZY L7 — BB TR OREZ T ~
BT SEDL, KANBOREZTE (G
MICIEZ TIF5) 2@ ), SxEET 5
VENRHDLEEZ LN,

ES #J

Tty e S0 T A% O ~534E o £ JA Sk 11591 1 % xF 52
12y BBAUNTEDLNTVWAE AN VBT F IV
DOEEMA T Lz, R MZIEA3M OECE
BEWELHRICIOVWT, OECOAEN & IZI
A L & I 720 QOIRPEIE TlX. F
WEHB04E T T200 pg/kgbh F72 5 720 OF sk
Bl TlE. ECOER AR S, SEHfEA T~
204FT200 wg/kgZ B 2. K779 ug/kg7z- 720
OIR IR FEREREE ] O BRI <l 4RO H
T X 0 EBPIRVECE R ER L. 72,
50DEEL M SINE L7 (0 ~154F)
DETe % 6 — 6 O B BABGE IC O W Tid, B
B ICECO A AMEAE S, ECE & 2200 g/
kgZ B2 DWGERALNT-Z L6, FRIZ, Y
O 2 [ & U 725 R 28 I ECARR
KL DUENRD L,

B B

A2 H720 . BN VLT L OHIEAE
¥ TIREWZE T LAWY - SHMEFZEE M o
PAREEIA, FEZBRIERIC ST W2

_49_

FL”

=
e

AEAAFFEER T Ol IR0 & D

HFLZH L B9,

11.

12.
13.

14.

=

=

Z X ®

. List of Classifications, Agents classified by

the TARC Monographs, Volumes 1 —133.
IARC Monographs on the Identification of
Carcinogenic Hazards to Humans. TARC.
https://monographs.iarc.who.int/list-of-

classifications

. Dyer, R. H: J. AOAC Int. 77, 64 (1994)

. Health Canada’s Maximum Levels for

Chemical Contaminants in Foods. https://
www.canada.ca/en/health-canada/services/
food-nutrition/food-safety/chemical-
contaminants/maximum-levels-chemical-

contaminants-foods.html

. FDA, Process Contaminants in Food,

Information for Industry to Limit Ethyl
Carbamate in Alcoholic Beverages. https://
www.fda.gov/food/process-contaminants-

food/ethyl-carbamate

. Gowd V., Su H,, Karlovsky P., Chen W.:

Food Chemistry, 248, 312 (2018)

. Lachenmeierl D., Lima M., Nobrega L.,

Pereira J., Kerr-Corréa F., Kanteres F.,
Rehm J: BMC Cancer. 10, 266 (2010)

. Ethyl carbamate and hydrocyanic acid in

food and beverages Scientific opinion of the
panel on contaminants. European Food
Safety Authority Journal, 551, 1 (2007)

- EBUT. BIWEICET S EEHOME KD

VDR, A VNI VBTV, https://
www.nta.go.jp/taxes/sake/anzen/joho/
johoOl.htm

. &) P& :]. Inst. Enol. Vitic. Yamanashi

Univ. 26, 35 (1991).

TR WL EAEEERAL - BElS, 83, 69 (1988)
OBl HIROW. R Ek— - BT, 83
57 (1988)

M, AREFRH « BElH, 100, 705 (2005)
W —, PR AR, R B,
101, 519 (2006)

AT, O e, AT BB
PR, B T c B, 117, 181 (2022)



