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Abstract The thermal effect of maesil on the content of
ethyl carbamate and its precursors during one-year ripening
of maesil liqueur was investigated. Fresh maesil (control),
fruit blanched for 2 min (blanched), and fruit blanched and
dried for 15 h at 50 °C (blanched/dried) were soaked in the
liquor containing 25% alcohol at a ratio of 1:2 (w/w) for
100 days at 25 °C and the liquid was further ripened for
260 days. Ethyl carbamate ranged from 13.1 to 204.4 pg/
kg with the highest value at 210 day. Thermally treated
samples had higher ethyl carbamate concentration than the
control, suggesting that thermal treatment increased the
formation of ethyl carbamate. A positive correlation
between ethyl carbamate content and f-glucosidase activ-
ity in all samples indicated that enzymatic hydrolysis of
amygdalin by f-glucosidase determined ethyl carbamate
concentration during the fermentation of maesil liqueur.

Keywords Maesil liqueur - Ethyl carbamate - Blanching -
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Introduction

Maesil liqueur is produced from the fermentation of green

maesil, an unripe fruit of Prunus mume, and soju which is a
distilled liquor containing 20-25% alcohol (v/v) (Hwang
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et al., 2009; Kim et al., 2013; Lee et al., 2018). Green
maesil is known to have a cyanogenic glycoside amygdalin
that can form cyanide by enzymatic hydrolysis of f-glu-
cosidase (Chung et al., 2013; Donald, 2009; Yu et al,,
2015). Ethyl carbamate is naturally formed from the
reaction of ethanol and cyanide during the fermentation of
alcoholic beverages (Fang et al., 2018; Zimmerli and
Schlatter, 1991). It is classified as a probable carcinogen to
humans (Group 2A) by International Agency for Research
on Cancer (IARC, 2020). Among 14 alcoholic beverages
analyzed in Korean Total Diet Study, the highest value of
151 pg/kg was found in maesil liqueur (Ryu et al., 2015).
The concentration of ethyl carbamate in maesil liqueur was
reported to increase up to 216 pg/kg during fermentation
(Kim et al., 2013).

The reduction of ethyl carbamate content in maesil
liqueur has been achieved by either removing a kernel of
maesil or inactivating f3-glucosidase to produce cyanide.
The removal of maesil seed resulted in a decrease of ethyl
carbamate levels in maesil liqueur (Lachenmeier et al.,
2005). Haisman and Knight (1967) demonstrated that f-
glucosidase of plum kernels was inactivated up to 90% by
thermal treatment at 60 °C. Oke (1994) reported that
boiling reduced the cyanide content of cassava roots.
Blanching and drying of the maesil are used in individual
households to enhance the flavor of maesil liqueur. To date,
the effect of thermal treatment on the content of ethyl
carbamate and its precursors has never been reported.

Therefore, this study was aimed at elucidating the
effects of thermal treatment of maesil on the contents of
ethyl carbamate, its precursors such as cyanide and ethanol,
amygdalin, and f-glucosidase to hydrolyze amygdalin for
one-year fermentation of maesil liqueur.
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Materials and methods
Chemicals

Sodium chloride, sodium hydroxide, sodium bicarbonate,
ethyl carbamate, acetone, f-glucosidase, amygdalin, p-ni-
trophenyl--D-glucopyranoside (f-PNPGLU), 4-nitrophe-
nol, amygdalin, potassium cyanide, potassium phosphate,
and potassium diphosphate were purchased from Sigma-
Aldrich (St Louis, MO, USA). An internal standard (ds-
ethyl carbamate) was obtained from CDN isotopes (Pointe-
Claire, QC, Canada). Dichloromethane, methanol, and
ethanol were purchased from J. T. Baker (Center Valley,
PA, USA). Picric acid was purchased from BDH Ltd
(Poole, UK). Disposable diatomite ChemElut SPE column
(50 mL) was obtained from Agilent Technology (Mil-
waukee, WI, USA).

Sample preparation

Maesil liqueur was prepared using the methods of Park
et al. (2007) and Lee et al. (2017) with a slight modifica-
tion. Green fruits of maesil were purchased from a local
farm (Hadong, Korea) in 2017. As shown in Fig. 1, whole
fruits were washed with pure water, wiped with a soft
cotton cloth, and then placed on the table to volatilize the
water on the fruit surface. The treatment conditions of the
fruit were as follows: fresh maesil (control), 500 g of
maesil fruits was heated in 5 L of boiling water for 2 min
and then cooled to room temperature (blanched), and
maesil fruits (500 g) were blanched and dried for 15 hin a
drying oven at 50 °C (blanched/dried). Each sample (each
1 kg) was immersed in 2 kg of soju containing 25%
ethanol (v/v) at a ratio of 1:2 (w/w) in a transparent jar.
Each pretreatment of maesil fruit was performed three
times. The jars were put in a thermostatic incubator (IL3-
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25A, Jeio Tech, Daejeon, Korea) at 25 °C under a 12:12 h
light—dark cycle to simulate a ripening condition at indi-
vidual houses. After being soaked for 100 days, the fruit
was taken out from the jar, and the remaining liquid was
further ripened for 260 days. The fruits were freeze-dried
for 5 days (EYELA freeze-drier FDU-1200, Tokyo, Japan)
and ground (Hibell Super grinder, Hwaseong, Korea), The
fruit powder (0.4 g) was mixed with 10 mL of distilled
water for 100 min at 37 °C at 120 rpm (JSSB-30 T shaker,
JS Research Inc., Gongju, Korea),centrifuged at
16,582 x g for 10 min at 4 °C and supernatant and maesil
liqueur were analyzed for ethyl carbamate, amygdalin, total
cyanide, and ethanol, and f-glucosidase activity. All
experiments were performed in triplicate.

Ethyl carbamate analysis

Ethyl carbamate was analyzed using the method of Choi
and Koh (2016). Maesil liqueur was neutralized using 1 N
sodium hydroxide solution. Ten grams of the neutralized
sample was mixed with ds-ethyl carbamate (100 ng), dis-
tilled water (30 mL), and sodium chloride (5 g). After
being loaded into ChemElut cartridge (50 mL), ethyl car-
bamate was eluted with 160 mL of dichloromethane,
concentrated to about 2-3 mL using a rotary evaporator at
18 °C, transferred into a v-vial, and then concentrated to
1 mL at 37 °C under a nitrogen stream. The concentrated
sample was injected into a 7820A gas chromatograph
coupled with a 5977E mass selective detector (Agilent,
Santa Clara, CA, USA) equipped with a DB-WAX column
(30 m x 0.25 mm, film thickness 0.25 pm, J&W, Folsom,
CA). The oven temperature was programmed as follows:
60 °C at 0 min, 10 °C/min to 90 °C, 2 °C/min to 130 °C
held for 5 min, 20 °C/min to 220 °C, and then held for
3 min. The mass selective detector was operated in the
selected ion monitoring (SIM) with an electron impact

Blanched and
dried at 50°C

1:2 (wiw)

‘ Maesil liqueur }—0 ‘ Soaking (100 days) ‘—» ’Ripening (260 days)

}

Maesil removal

Fig. 1 Preparation procedure for maesil liqueur in different maesil pretreatment. Control, fresh maesil; Blanched, heated for 2 min in boiling
water; Blanched/dried, heated for 2 min in boiling water and dried for 15 h at 50 °C
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energy of 70 eV. The MS transfer line and ion source were
240 °C and 230 °C, respectively. Mass to charge (m/z) of
62 and 64 were major fragment ions of ethyl carbamate and
ds-ethyl carbamate. The peak of ethyl carbamate in the
sample was confirmed by comparing the area ratios of m/z
62 vs m/z 74 that were the major fragment ions of ethyl
carbamate.

Amygdalin determination

Amygdalin was analyzed according to the method of Kim
et al. (2010) and Bolarinwa et al. (2015) with some mod-
ifications. Ethanol existing in the sample (2 mL) was
removed using a rotary evaporator. After being filtered
with a polytetrafluoroethylene (PTFE) membrane (Milli-
pore, Milford, MA, USA), amygdalin was determined
using a high-performance liquid chromatograph (HPLC)
coupled with a diode array detector (1260 Infinity, Agilent
Technologies, Waldbronn, Germany). A Kinetex C;g col-
umn (150 mm x 4.6 mm, 5 pm) was used for amygdalin
separation (Torrance, CA, USA). Amygdalin was moni-
tored at 214 nm using 25% methanol at a rate of 1 mL/min.
The linear range of amygdalin quantification was
10-1000 pg/mL.

B-Glucosidase activity

B-Glucosidase activity was determined by the method of
Carrao-Panizzi and Bordingnon (2000) with a slight mod-
ification. f-Glucosidase concentrations were 0, 40, 60, 80,
and 100 pg/mL. The maesil liqueur (0.5 mL) was mixed
with 2 mL of S-PNPGLU and then reacted for 30 min at
37 °C. Then, 0.5 M sodium carbonate solution (1.5 mL)
was added and placed in the water bath at 37 °C for
30 min. The absorbance was measured at 400 nm using a
UV-Vis spectrophotometer (Biochrom Libra S22, Santa
Barbara, CA, USA). The blank was prepared with a sub-
strate (f-PNPGLU) instead of the sample extract.

Cyanide determination

Cyanide content was measured using the enzyme-picrate
acid method of Egan et al. (1998), Bradbury et al. (1999),
and Kim et al. (2010). Cyanide solutions for calibration
were prepared in six concentrations of 0, 2, 10, 20, 50, and
100 pg/mL in 0.1 M phosphate buffer. Picric paper was
prepared by immersing a Whatman paper (Whatman 3MM
Chr, Kent, UK) in 40 mL of distilled water that contained
5% sodium bicarbonate and 0.5% picric acid. The paper
was dried for 10 min at 50 °C and then put in a test tube
containing maesil liqueur (500 pL) and f-glucosidase
(50 pL, 3.43 unit). The paper was placed in a water bath at
45 °C for 3 h and then put in 3 mL of distilled water for

30 min. Absorbance of the resulting solution was measured
at 510 nm.

Ethanol determination

Ethanol was determined using an alcolyzer Wine M/ME
(Anton Parr GmbH, Graz, Austria) based on the Near
Infrared (NIR) spectroscopy method. The alcolyzer was
conditioned with distilled water for zero point and 20%
ethanol solution. The sample was sonicated to remove
residual carbon dioxide and then injected into the
alcolyzer.

Statistical analysis

All experiments were performed in triplicates, and the
results were presented as the mean =+ standard deviations.
An analysis of variance (ANOVA) and Duncan’s multiple
range tests were conducted to express the difference among
three pretreated samples. Pearson’s correlation analysis
was used to evaluate the significance of the correlations.
All statistical analyses were performed using SPSS IBM
version 21.0 (SPSS Inc., Chicago, IL, USA).

Results and discussion
Ethyl carbamate precursors in maesil fruit

Ethyl carbamate is mostly formed from the chemical
reaction between ethanol and cyanate produced enzymati-
cally from cyanogenic glycoside amygdalin present in
maesil (Donald, 2009; Chung et al., 2013). This study was
performed to elucidate thermal condition that affects the
activity of f-glucosidase that involves in the formation of
cyanide from amygdalin. The contents of amygdalin, f-
glucosidase, and cyanide in the control and thermally
pretreated maesil fruits are presented in Table 1. Compared
with the fresh maesil (88.5%), moisture content was 80.6%
in the blanched maesil and 70.0% in the blanched/dried
maesil, respectively. The contents of amygdalin were
187.2 mg/100 g dry weight in the blanched maesil and
237.7 mg/100 g dry weight in the blanched/dried maesil,
respectively. The maesil pretreatments resulted in a sig-
nificant decrease of amygdalin content (55.1% in blanched
maesil and 43.1% in blanched/dried maesil) compared with
control. While the blanched maesil showed no significant
difference in the f-glucosidase activity compared with
control, the blanched/dried maesil reduced its activity up to
31.7%. 1t is lower than the result of Haisman and Knight
(1967), who reported that 90% of f-glucosidase in the
plum kernel was inactivated by heating for 0.6 min at
60 °C. The content of total cyanide in the blanched/dried
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Table 1 The content of

amygdalin, f-glucosidase énr?//%(()lgljgndry weight) ﬁi}‘;ﬁﬁ;idase ey ;rrﬁtgillgga; i(cilfy weight)
activity, and total cyanide of
control and pretreated maesil Control 4173 £ 4.6° 424 £ 03 6.9 %+ 0.4°
Blanched 187.2 4+ 9.4 39.1 + 0.5 6.5 + 0.3
Blanched/dried 237.7 + 14.7° 200 &+ 1.2° 59+ 04°

Each value is expressed as mean + standard deviation (n = 3)

Different letters (*°) in the same column indicate a significant difference among three samples at p < 0.05

using tDuncan’s multiple test

maesil was 86.7% of the control, which can be attributed to
the vaporization of cyanide during thermal treatment.
Similarly, Nambisan and Sundaresan (1985) reported that
cyanide content in cassava roots was decreased into 75%
by boiling for 30 min. These indicate that the content of
cyanide in maesil can be controlled either by reducing f-
glucosidase activity or by vaporizing cyanide produced
from the enzymatic hydrolysis of amygdalin.

Ethyl carbamate

Figure 2 shows ethyl carbamate concentrations in three
maesil liqueur samples for one-year fermentation. The
content of ethyl carbamate in the control ranged from 14.6
to 143.3 pg/kg. The contents of ethyl carbamate in the
blanched and blanched/dried maesil liqueur ranged from
15.0 to 204.4 pg/kg and from 13.1 to 176.8 pg/kg,
respectively. The pretreated samples contained higher ethyl
carbamate content than the control. The ethyl carbamate

contents of the blanched maesil liqueur were either similar
or higher than those of the blanched/dried maesil liqueur.
This suggests that the formation of ethyl carbamate was
favorable in the blanched maesil liqueur compared to the
blanched/dried maesil liqueur. Interestingly, the contents of
ethyl carbamate in all samples increased until day 210 and
then drastically decreased on day 270. This indicates that
both ethyl carbamate formation and its degradation
occurred during fermentation. Perez-Martin et al. (2013)
found that lactic acid bacteria isolated from red wines had
an esterase activity, which hydrolyzes ethyl carbamate to
form ammonia and carbon dioxide. Wu et al. (2013)
demonstrated that urethanase of Rhodotorula mucilaginosa
from Chinese rice wine decreased ethyl carbamate level by
80%. This stain is resistant in acidic conditions (pH
3.5-4.5) and 18-20% ethanol during fermentation. Given
that maesil liqueur was acidic (pH 3—4) and contained
about 20% ethanol, esterase or urethanase can be active in
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Fig. 2 Changes in the ethyl carbamate content of maesil liqueur during one-year fermentation. Each value is expressed as mean =+ standard
deviation (n = 3). Different letters (*°) indicate a significant difference among three samples at each analyzing point (p < 0.05)
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maesil liqueur. Further studies are needed to find the
presence of the enzyme to hydrolyze ethyl carbamate.

Amygdalin

Amygdalin is a cyanogenic glycoside found in maesil
(Bolarinwa et al., 2015; Chung et al., 2013; Donald, 2009;
Yu et al., 2015). The content of amygdalin ranged from not
detected (ND) to 134.0 pg/mL in the control, from 52.8 to
148.9 pg/mL in the blanched liqueur, and from 44.4 to
114.3 pg/mL in the blanched/dried sample, respectively
(Fig. 3A). Amygdalin content in all maesil liqueurs
reached a maximum value at 60 day and then gradually
decreased until 120 day. This indicates that amygdalin
present in maesil fruit was gradually released into 25%
ethanol phase during early soaking stages and then was
enzymatically hydrolyzed into cyanide. In the early stages
of maesil soaking, amygdalin content of the blanched/dried
sample in the liquid phase was lower than fresh and
blanched samples. This can be explained that the drying
step caused a loss of water molecule from the fruit and led
to a crumpled surface of the fruit (Fig. 1), which resulted in
a slow rate of amygdalin release from the maesil. The
amygdalin content after 60 day was steadily decreased

200
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a
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Total cyamide (mg/L)
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Fig. 3 Changes in amygdalin (A), f-glucosidase activity (B), total
cyanide (C), and ethanol (D) of maesil liqueur during one-year
fermentation. Each value is expressed as mean =+ standard deviation

(Fig. 3A), indicating that f-glucosidase was active to
hydrolyze amygdalin during fermentation.

B-Glucosidase activity

f-Glucosidase hydrolyzes amygdalin to yield cyanide that
reacts with ethanol, thus resulting in the formation of ethyl
carbamate (Ahmed et al., 2017; Cueto et al., 2018). The
activity of f-glucosidase was observed in Lactobillus
species isolated from maesil fruit and juice (Lee and Paik,
2017). This suggests that f/-glucosidase may contributed to
the degradation of amygdalin in the maesil liqueur during
fermentation. As shown in Fig. 3B, the activities of f-
glucosidase in the control ranged from ND to 44.2 pg/mL,
those of f-glucosidase in the blanched and blanched/dried
maesil liqueur ranged from ND to 46.6 ng/mL and from
ND to 48.4 pg/mL, respectively. The activities of f-glu-
cosidase were highest in 60—180 day. This corresponded to
the time when amygdalin content rapidly decreased during
ripening. Vasconcelo et al. (1990) reported that the
hydrolysis of cyanogenic glycosides in cassava roots
occurred in acid environment (pH 3.8) during lactic fer-
mentation. Tuncel et al. (1995) reported that f-glucosidase
activity caused a degradation of amygdalin in ground
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'g s0 - a 2 —0—Blanched

3 8 = :
® . g —e—Blanched/dried
= 40 | b € a
_‘E“ - c c ab
‘E b N a a

k a

& 30 b 5 a b
] b 2
g 20t PP e\
8 o
[*}
£ 10} -
& b
Y c

0 . : . . . . A . . . . .

0 30 60 90 100 120 150 180 210 240 270 300 330 360

Fermentation time (day)

—Control
—O—Blanched
22 —e—Blanched/dried

19

Ethanol (%)

16

0 30 60 90 100 120 150 180 210 240 270 300 330 360

Fermentation time (day)

(n = 3). Different letters (*°) indicate a significant difference among
three samples at each analyzing point (p < 0.05)
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Table 2 Pearson correlation coefficients between ethyl carbamate, amygdalin, f-glucosidase activity, total cyanide, and ethanol in maesil

liqueur
Amygdalin f-glucosidase activity Total cyanide Ethanol
Control Ethyl carbamate 0.158 0.658"" 0.345% —0.241
Amygdalin 0.377" 0.557%* — 0.440%"
p-glucosidase activity 0.693%%* — 0.468**
Total cyanide — 0.395%*
Blanched Ethyl carbamate 0.004 0.579%* 0.316* — 0.274
Amygdalin —0.014 0.303 0.469%*
f-glucosidase activity 0.660%* — 0.532%%*
Total cyanide — 0.017
Blanched/dried Ethyl carbamate 0.196 0.684** 0.262 —0.249
Amygdalin 0.153 0.401%* 0.401%%*
p-glucosidase activity 0.432%%* — 0.447%%*
Total cyanide 0.286

*A significant difference at p < 0.05
**A significant difference at p < 0.01

apricot kernels soaked at 20 °C. On the contrary, Bolar-
inwa et al. (2015) reported that S-glucosidase from apple
seeds has highly stable at 70 °C. Haisman and Knight
(1967) showed that f-glucosidase in canned plum kernels
was inactivated by heat treatment for 12 min at 100 °C.
These indicate that the f-glucosidase of maesil liqueur was
not completely inactivated during thermal treatment
employed in this study.

Total cyanide

Cyanide is an important precursor of ethyl carbamate in
stone fruit spirit (EFSA, 2007). The contents of total cya-
nide are presented in Fig. 3C. In the maesil fruit, total
cyanide contents in the blanched and blanched/dried maesil
liqueur samples were 8.5 mg/mL and 9.0 mg/mL, while
total cyanide in the control was not detected. During the
soaking and ripening, the content of amygdalin and the /-
glucosidase activities of the blanched and blanched/dried
samples were higher than those of the control (Fig. 3A and
B). The blanched and blanched/dried samples also showed
a higher trend in the content of total cyanide than the
control. Ethyl carbamate contents of thermally treated
samples were higher than those of the control (Fig. 2). This
confirms that f-glucosidase of maesil liqueur was not
inactivated by the thermal treatment. Similarly, Montagnac
et al. (2009) reported that boiling and drying were not
effective in removing cyanide in cassava roots. In addition
to thermal treatment, microorganisms involved in the fer-
mentation of maesil liqueur may also affect the content of
cyanide. Kobawila et al. (2005) reported that the decrease
of cyanide content reduced more than 70% by bacterial

@ Springer

enzymes during fermentation of cassava roots and leaves.
Knowles (1976) found that certain strains of Bacillus
pumilus had the capacity to use cyanide for their nutrition.

Ethanol

Cyanate generated from the oxidation of cyanide reacts
with ethanol to form ethyl carbamate (Zimmerli and Sch-
latter, 1991). The change of ethanol contents during fer-
mentation is shown in Fig. 3D. The contents of ethanol
decreased from 23.1 to 16.2% in the control, while both the
blanched and blanched/dried samples decreased from 22.4
to 16.4% and from 23.3 to 16.6%, respectively. This sug-
gests that ethanol content was not critical in determining
ethyl carbamate content in maesil liqueur. Considering that
ethyl carbamate had a maximum level on 210 day, the
rapid decrease of cyanide content at 180 day can be
explained by the reaction with ethanol to form ethyl
carbamate.

Correlation between ethyl carbamate and its
precursors

Pearson’s correlation coefficients among ethyl carbamate,
amygdalin, f-glucosidase activity, total cyanide, and
ethanol are presented in Table 2. The content of amygdalin
and ethanol had no correlation between ethyl carbamate
content. On the other hand, a positive correlation between
ethyl carbamate content and f-glucosidase activity was
observed in all examined samples (p < 0.01), suggesting
that ff-glucosidase played an important role in determining
ethyl carbamate content in maesil liqueur. In addition, a
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significant relation between ethyl carbamate content and
total cyanide content was found in the control and blanched
samples (p < 0.05). A similar result was observed in the
previous studies demonstrating that positive correlation
was found between ethyl carbamate and cyanide in
Brazilian sugar cane spirits and Prunus mume liqueur
(Aresta et al., 2001; Hashiguchi et al., 2010). A positive
relation between total cyanide content and f-glucosidase
activity confirms the assumption that cyanide is produced
from the enzymatic hydrolysis of amygdalin via fS-glu-
cosidase, which resulted in the formation of ethyl carba-
mate during fermentation. These findings indicate that f-
glucosidase played a key role of ethyl carbamate formation
during fermentation of maesil liqueur. Meanwhile, total
cyanide had no relation with ethyl carbamate in the blan-
ched/dried sample (Table 2). The cyanide must be oxidized
into cyanate and then form ethyl carbamate by a nucle-
ophilic attack of ethanol (Aresta et al., 2001). It is note-
worthy that ethanol content of the blanched/dried maesil
liqueur was significantly higher than the other samples
throughout the fermentation (Fig. 3D), indicating that
ethanol remained as an intact form in the liqueur. These
results suggest that the chemical conversion of cyanide to
cyanate as well as enzymatic formation of cyanide by f-
glucosidase should be considered together to find the
influencing factor of ethyl carbamate content in the maesil
liqueur.

In conclusion, the content of ethyl carbamate was higher
in the liqueurs fermented with thermally treated maesil
compared with the control. Thermal treatment might make
the flesh of maesil soften to release amygdalin from the
maesil fruit. However, f(-glucosidase remained active to
produce cyanate, thus formed ethyl carbamate through the
reaction with ethanol. Thermal condition to inactivate f-
glucosidase and identification of microorganisms to
hydrolyze ethyl carbamate should be further investigated to
minimize ethyl carbamate content in the maesil liqueur.
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