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Abstract 

The most commonly consumed local specialty alcoholic beverages in South Korea are wine, beer, and soju. These 
alcoholic beverages contain a wide variety of volatile components, including methanol and fusel alcohols, due 
to their different raw materials, manufacturing methods, and fermentative microorganisms. GC–MS combined 
with solid phase micro-extraction (SPME) was utilized to establish a simultaneous analytical method for methanol, 
fusel alcohols, and other volatile compounds in alcoholic beverages, which included 9 wine, 10 beer, and 10 soju 
samples. A total of 221 volatile compounds were identified, consisting of 6 acetals, 14 acids, 33 alcohols, 9 aldehydes, 
2 amides, 13 benzene derivatives, 5 phenols, 81 esters, 8 furans, 16 ketones, 6 sulfides, 26 terpenes, 1 pyrazine, and 1 
miscellaneous. Among the three types of alcoholic beverages, wine had the highest methanol content. In case 
of fusel alcohols, wine, beer, and soju contained 25, 16, and 14 alcohol components, respectively. In general, those 
main volatile components of wine, beer, and soju were esters, alcohols, and benzene derivatives. In beer, terpenes 
were detected at similar levels with alcohols. Volatile compounds contributing to the distinction between soju 
and beer were some alcohols, such as propan-1-ol, 2-methylpropan-1-ol, and 3-methylbutan-1-ol, and acids, such 
as octanoic acid, whereas wine samples were distinguished from other types of alcoholic beverages by some esters, 
such as methyl acetate, ethyl (E)-but-2-enoate, ethyl 3-hydroxybutanoate, and diethyl butanedioate, and some alco‑
hols, such as hexan-1-ol, nonan-2-ol, and nonan-1-ol.
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Introduction
According to the Korea Agro-Fisheries and Food Trade 
Corporation, the size of the alcoholic beverage market 
has been declining since 2016 by launch price. Also, per 
capita alcohol consumption has been on a downward 
trend over the past decade through 2021. In contrast, the 
size of the local specialty alcohol market has been more 

than doubled from 2017 to 2021. As the local specialty 
alcohol market grows, it is important to evaluate scien-
tifically the safety and quality of local specialty alcohol 
products in Korea. From 2010 to 2020, the most highly 
consumed alcoholic beverages in South Korea were beer, 
soju, and wine.

Wine are made by fermentation of raw fruits such 
as grapes and berries [9]. Beer is produced by brewing 
ingredients, such as grain, and hops, using yeast [25]. 
Soju are produced by distillation of fermented alcoholic 
beverages to increase the ethanol content [15]. These dif-
ferent types of alcoholic beverages vary by raw materials, 
production methods (only soju is distilled, whereas the 
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others are fermented), microorganisms used, and ethanol 
content of final products. This diversity results in a vari-
ety of by-products, such as methanol, higher alcohols, 
and other volatile compounds.

Methanol is a volatile harmful component produced 
from the demethylation of pectin by pectinolytic enzymes 
that are naturally present in fruits such as grapes during 
alcohol fermentation of wine [22]. Not only can it cause 
a hangover symptoms after consuming alcoholic bever-
ages [29], but it also has toxic effects on the human body, 
including blindness or death [11]. According to Korean 
Ministry of Food and Drug Safety (MFDS) regulation, 
the regulatory limits for methanol in alcoholic beverages 
are 1 mg/mL for wine and 0.5 mg/mL for other alcoholic 
beverages, respectively.

Fusel alcohols, also known as higher alcohols, are alco-
hols with two or more carbon atoms. They are generally 
produced from either sugar metabolism (anabolic path-
way) or amino acid catabolism (Ehrlich pathway) [24]. 
They are harmful substances that are known to cause 
hangovers, which can include dizziness and headaches 
after consuming alcoholic beverages [6], whereas they 
serve as important flavor components in alcoholic bever-
ages [35]. They are also involved as ester precursors that 
are critical for the flavor of alcoholic beverages [4].

Raw materials, production methods, and aging pro-
cesses can contribute to the flavor characteristics of alco-
holic beverages [45]. Among these factors, the formation 
of volatile compounds in wine can be affected primarily 
by microorganisms such as yeast, bacteria, and molds 
[24]. Beer contains a wide range of volatile components 
that can react with each other during the brewing pro-
cess [28]. During the fermentation process, yeasts take up 
amino acids and sugars from the wort. Those sugars are 
metabolized, under anaerobic conditions, and converted 
primarily to ethanol and carbon dioxide [1]. As by-prod-
ucts of fermentation, volatile metabolites such as alde-
hydes, ketones, higher alcohols, organic acids, and esters 
are produced [1]. On the other hand, amino acids regu-
late the biosynthesis of flavor-active compounds formed 
by yeasts [12]. Soju, one of the most popular alcoholic 
beverages in Korea, is rich in volatile compounds because 
it is manufactured through a complex fermentation pro-
cess of raw materials followed by a high-temperature 
distillation process (Wu, Jihong et al., 2021). The volatile 
components of soju can vary depending on the distilla-
tion conditions, aging stage, and manufacturing condi-
tions, as well as the fermentation of the raw materials 
[13].

Although there have been many studies which ana-
lyzed methanol, fusel alcohols, and volatile components 
of alcoholic beverages [15, 21, 22], there are limited stud-
ies that have simultaneously analyzed them in alcoholic 

beverages. In addition, no study has been reported on 
volatile components of local specialty alcoholic bever-
ages in Korea, to our knowledge. Therefore, in this study, 
methanol, fusel alcohols, and other volatile components 
were analyzed simultaneously for wine, beer, and soju, 
which are major local specialty alcoholic beverages in 
Korea (Table 1). In addition, volatile compositions of dif-
ferent alcoholic beverages were compared to determine 
those key volatile compounds that contribute to distin-
guishing between different samples. This study could 
provide a scientific basis for quality control of local spe-
cialty alcoholic beverages.

Methods/experimental
Samples
A total of 29 different types of alcoholic beverages dis-
tributed in Korea, including wine (n = 9), beer (n = 10), 
and soju (n = 10), were analyzed. Soju is distilled alcoholic 
beverage and the rest is classified as fermented alcoholic 
beverage. All samples were stored at −70  °C in amber 
bottles until their analysis.

Chemicals
As an internal standard for methanol analysis, ethanol-
1,1,2,2,2-d5 was purchased from Sigma Aldrich Cor-
poration (St. Louis, MO, USA). As an internal standard 
for volatiles analysis, 3-pentanol was purchased from 
Sigma Aldrich Corporation. n-Alkane standards (C7-C30) 
and all other authentic standards were obtained from 
Sigma-Aldrich. For all aqueous solutions, distilled water 
obtained from an ultra pure water system (Human Sci-
ence, Seoul, Korea) was used.

Extraction of volatile compounds in alcoholic beverages
To extract methanol and other volatile compounds from 
the samples, solid phase microextraction (SPME) was 
performed using GERSTEL MPS autosampler (GER-
STEL, Mulheiman der Ruhr, Germany). 100  uL of eth-
anol-1,1,2,2,2-d5 (1.00  µg/µL in water) and 50 uL of 
3-pentanol (0.500  µg/µL in 15% ethanol) were added as 
internal standards in 20 mL headspace amber screw vial 
(Agilent Technologies, Santa Clara, CA, USA) filled with 
5  mL of alcoholic beverage. The samples were equili-
brated at 50 ℃ and 250 rpm for 20 min. The adsorption 
was performed under the same condition with equilibra-
tion using Carboxen/polydimethylsiloxane fiber (Car-
boxen-PDMS, 75 μm Supelco, Bellefonte, PA, USA). The 
extracted analytes were desorbed in the injection port 
of GC at 250 ℃ for 5  min. SPME fiber was exposed to 
the sample headspace at penetration depth of 21 mm to 
adsorb the analytes, before desorbed in a GC injector at 
250 ℃ for 5 min. Baking was employed for 3 min before 
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and after extraction, respectively, to prevent contamina-
tion of the fiber by remaining residues.

Analysis of volatile compounds
Volatile analysis was carried out using a 7890A gas 
chromatograph (Agilent Technologies)−5977B mass 
selective detector (Agilent Technologies) equipped 
with a DB-WAX column (30  m length × 0.25  mm 
i.d. × 0.25µm film thickness, J&W Scientific, Folsom, 
CA, USA). The initial GC oven temperature was main-
tained at 35 ℃ for 5 min, increased to 80 ℃ at a rate of 

3 ℃/min, and 220 ℃ at a rate of 28 ℃/min, before held 
for 10  min. Helium (99.999%) was used as the carrier 
gas at a steady flow rate of 0.8  mL/min. Injection was 
conducted on split mode (10:1) with both injector and 
transfer line temperatures of 250  ℃. The mass spec-
trometer was operated in the simultaneous selected ion 
monitoring (SIM)/scan mode as the acquisition type, 
using with a scanning range of 35–350 atomic mass 
units (a.m.u.) in the electron impact (EI) ion source 
mode at 70 eV. The SIM data were used to extract the 
ion peaks of methanol. The scan data were used to 
extract the ion peaks of volatile compounds.

Table 1  Alcoholic beverage samples used in this study

Samples Origin Ingredients used Alcohol 
contents 
(%)

Wine

 w1 Gyeongsangbuk-do Grape, yeast, potassium metabisulfite 13

 w2 Gyeonggi-do Grape, sugar, yeast, antioxidant, sulfur dioxide 13.5

 w3 Gangwon-do Grape, sugar, yeast, sulfurous acid 11.5

 w4 Chungcheongnam-do Grape, sugar, antioxidant, synthetic preservatives, potassium metabisulfite, potassium sorbate 12

 w5 Jeollabuk-do Wild grape, sugar, yeast, antioxidant, synthetic preservatives, potassium sulfite, potassium sorbate 12

 w6 Gyeonggi-do Grape, fructose, antioxidant, sulfur dioxide 9.9

 w7 Chungcheongbuk-do Grape, sugar, yeast, antioxidant, synthetic preservatives, potassium metabisulfite, potassium sorbate 12

 w8 Gyeongsangbuk-do Grape, sugar, yeast, potassium metabisulfite 12

 w9 Gyeonggi-do Wild grape, ethanol, sugar, salt, antioxidant, acidity regulator, DL-malic acid, sodium sulfite anhydrous, 
alanine

12

Beer

 b1 Jeollabuk-do Rice, barley malt, hop pellet, yeast, carbon dioxide 5

 b2 Gyeonggi-do Rice, barley malt, hop, yeast 4.5

 b3 Chungcheongnam-do Malt, hop pellet, yeast, carbon dioxide 6

 b4 Jeollanam-do Rice, wheat, malt, hop pellet, yeast, carbon dioxide 4.5

 b5 Gyeongsangbuk-do Wheat, barley malt, hop pellet, yeast, spelt seed, oat flake, citric acid, calcium chloride, calcium sulfate 4.7

 b6 Gangwon-do Barley malt, hop pellet, yeast, carbon dioxide, acidity regulator, fortifying nutrient 4.7

 b7 Gyeonggi-do Rice, barley malt, hop pellet, yeast, acidity regulator, fortifying nutrient, lactic acid bacteria 4.5

 b8 Gangwon-do Rice, malt, hop, yeast 5.4

 b9 Jeollabuk-do Malt, hop, yeast, carbon dioxide, sodium carbonate, calcium sulfate, calcium chloride, magnesium 
sulfate

5

 b10 Gyeongsangbuk-do Malt, hop, yeast 6.2

Soju

 s1 Gyeongsangbuk-do Rice, nuruk, yeast, lactic acid 32

 s2 Gyeongsangbuk-do Rice, nuruk 45

 s3 Jeju Special Self-Gov‑
erning Province

Rice, nuruk, hulled foxtail millet, hulled barley 23

 s4 Gyeonggi-do Nuruk, yeast, foxtail millet, sorghum 29

 s5 Gangwon-do Rice 40

 s6 Gangwon-do Rice, nuruk, yeast 41

 s7 Chungcheongbuk-do Distillate 24

 s8 Gyeonggi-do Rice, ipguk, yeast 25

 s9 Gyeongsangbuk-do Rice, nuruk, koji, yeast 25

 s10 Chungcheongnam-do Rice, ipguk, yeast 22
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Identification and quantification of volatile components
Methanol in alcoholic beverages was confirmed by 
comparing retention times, and also both qualification 
and quantification ions of authentic standard com-
pounds. The qualification was conducted by monitor-
ing m/z 29, 31, and 32 for methanol and 33, 49, and 51 
for ethanol-1,1,2,2,2-d5, while the quantification was 
carried out by monitoring m/z 31 for methanol and 51 
for ethanol-1,1,2,2,2-d5.

Volatile compounds were positively determined by 
comparison of retention times (RT) and mass spec-
tral data to those of authentic standard chemicals. In 
case where authentic standards were not available, the 
compounds were identified by comparing their mass 
spectra using the NIST Chemistry Webbook. Reten-
tion index (RI) of volatile compounds was calculated 
using n-alkanes from C5 to C30 as an external standard 
to confirm the identification. Quantitative analysis was 
performed by comparing their peak areas to that of the 
internal standard compound. All of the samples were 
experimented in triplicate.

Data analysis
Principal component analysis (PCA) was performed 
to determine the difference in fusel alcohols and other 
volatile compounds, respectively, depending on differ-
ent types of alcoholic beverages by using SIMCA 16 
software (Umetrics, Umea, Sweden). 

Results and discussion
Volatile composition
A total of 221 volatile compounds were found, includ-
ing 6 acetals, 14 acids, 33 alcohols, 9 aldehydes, 2 
amides, 13 benzene derivatives, 5 phenols, 81 esters, 8 
furans, 16 ketones, 6 sulfides, 26 terpenes, 1 pyrazine, 
and 1 miscellaneous compound. The mean, standard 
deviation, minimum, and maximum values of volatile 
compounds contents are shown in Table  2. Figure  1 
shows the overall compositions of volatile components 
in different types of alcoholic beverages. The contents 
of volatile components of samples, consisting of three 
types of alcoholic beverages, were obtained as the mean 
value of the peak area ratio of the analyte to that of the 
internal standard. The main components of wine, beer, 
and soju were esters and alcohols, followed by benzene 
derivatives. In the case of beer, terpenes were a major 
component, detected at similar levels with alcohols. 
Soju contained similar levels of esters and alcohols. In 
beer and soju, terpenes were found at higher levels than 
acids, while acids were detected more than terpenes in 
wine.

Methanol
The LOD and LOQ values for methanol were calculated 
to be 1.00 and 3.04 ug/mL, respectively, indicating that 
the method has sufficient sensitivity. The linearity of 
calibration curve was confirmed at eight points from 
5.00  mg/L to 1.00  g/L by plotting the quantification 
ion peak ratios of analytes and internal standards. The 
equation of calibration curve was y = 0.0373x+ 0.183 . 
The correlation coefficient (r2), which represents a lin-
earity value, was 0.9999. The accuracy and precision for 
methanol were in the range of 99.2–102% (101%) and 
0.570–1.40% (1.11%), respectively. Figure  2 indicates 
the distribution of methanol contents in three different 
types of alcoholic beverages. The methanol contents of 
alcoholic beverages varied significantly according to 
the types of alcoholic beverages, with the highest con-
tent in wine, followed by soju and beer. The methanol 
contents ranged from 43.6 to 396  mg/L in wine, N.D. 
to 13.6  mg/L in beer, and 1.45 to 25.6  mg/L in soju, 
illustrating more varied distribution in wine compared 
to beer and soju. Fruit wine is usually associated with 
high methanol levels [22]. In particular, methanol for-
mation can be affected by the amount of pectin in the 
grape skins [22]. The detection rate (%) of methanol in 
wine, beer, and soju was 100, 41.7, and 100 (Table  3), 
respectively.

Higher alcohols
Higher alcohols were the second most abundant volatile 
compounds in all kinds of alcoholic beverages, which 
was attributed to the relatively high levels of 3-methylb-
utan-1-ol; in particular, its content was highest in soju. 
3-Methylbutan-1-ol can be formed through deamination 
and decarboxylation reactions from isoleucine during 
fermentation [30]. Of 33 alcohols detected in alcoholic 
beverages, 25 alcohols were found in wine, while only less 
than half were detected in beer (16) and soju (14). Wine 
showed relatively high content of hexan-1-ol, while beer 
had comparatively high content of linalool. Hexan-1-ol, 
which contributes to fruity odors [31], can have a posi-
tive effect on the aroma of wine [27]. Linalool, which is 
the most abundant in beer compared to other alcoholic 
beverages, can be produced by the oxidation of myrcene, 
which is the main component of many hop varieties [36] 
during brewing [34]. Propan-1-ol, 2-methylpropan-1-ol, 
3-methylbutan-1-ol, hexan-1-ol, heptan-1-ol, butane-
2,3-diol, and octan-1-ol were found in all three types of 
alcoholic beverages. 2-Methylpropan-1-ol is formed from 
sugar and valin via Ehrlich pathway [18]. 2,3-Butanediol 
is produced via diacetyl metabolic pathway by yeast [14]. 
Undecan-2-ol, which is a yeast-derived compound, was 
only detected in the beer samples.
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Other volatile compounds
Esters were the most dominant group of volatile com-
pounds in all kinds of alcoholic beverages with significant 

amounts of ethyl acetate, 3-methylbutyl acetate (isoa-
myl acetate), ethyl hexanoate, ethyl octanoate, and ethyl 
decanoate. Those ester compounds found in all types of 
alcoholic beverages were 2-methylpropyl acetate, hexyl 
acetate, diethyl butanedioate, and ethyl hexadecanoate. 
Ethyl acetate is a typical metabolite of yeast [5]. The con-
tents of diethyl succinate were higher in wine compared 
to other alcoholic beverages. Butanedioic acid, an organic 
acid produced by yeast in the early stages of alcoholic fer-
mentation [40], has been shown to be involved in the for-
mation of this ester compound [10]. Terpenes were major 
volatile compounds in beer, while their contents were low 
in wine and soju. In particular, in beer, terpenes showed 
the similar levels with higher alcohols. Terpenes can be 
biosynthesized only by higher plants, algae, fungi, and 
some yeasts such as Kluyveromyceslactis, Torulasporadel-
brueckii (Saccharomyces fermentanti) and Ambrosiozy-
mamonospora [19]. They are initiated by condensation of 
three molecules of acetyl-CoA. Further reactions lead to 
the formation of geranyl pyrophosphate (GPP), a precur-
sor for monoterpenes. In addition, sesquiterpenes and 
diterpenes are synthesized from farnesyl diphosphate 
(FPP) and geranylgeranyl diphosphate (GGPP), respec-
tively [19]. The content of terpenes was high due to the 
high contents of myrcene, styrene and humulene in beer 
samples. Myrcene, which is synthesized by the meva-
lonate (MVA) pathway in the cytoplasm of yeast [34], 
is the most abundant component of hop oil, compris-
ing over 80%. Styrene, which can be formed by bacteria, 
fungi, and microbial metabolism as well as metabolism of 
raw materials [2, 26, 39], is derived from phenylalanine 
[16]. This compound is generally recognized as safe, but 
can cause off-flavor at detectable levels [3]. Humulene 
is derived from 2-C-methyl-D-erythritol 4-phosphate 
(MEP) pathway in plastids of hops [34]. On the other 
hand, propan-2-one, 3-hydroxybutan-2-one, and unde-
cane-2-one were the only ketones detected in all types 
of alcoholic beverages. Benzaldehyde and 2-phenyletha-
nol were also detected in all alcoholic beverages. In par-
ticular, 2-phenylethanol is a metabolite formed through 
the catabolism of phenylalanine via the Ehrlich pathway, 
mainly contributing to the desirable floral-like aromas 
[23, 30, 42]. Benzaldehyde is primarily formed by the 
action of microorganisms on aromatic amino acids or by 
the oxidation of benzyl alcohol [46]. Acetal, detected in 
all types of alcoholic beverages, can be synthesized by the 
reaction of aldehydes with alcohols during fermentation 
and ripening, which can affect the sensory properties of 
alcoholic beverages [37, 41]. Diacetyl was found at small 
amounts in wine and soju, while, 2-undecanone, well-
known as a component of hop oil, was most abundant in 
beer compared to other alcoholic beverages [17]. 1-Phe-
nylethanone and chromen-2-one (coumarin) were found 

Fig. 1  Relative compositions of identified volatile components 
in the three types of alcoholic beverages according to chemical 
functional groups. Each stacked bar is 100% wide

Fig. 2  Distribution of methanol contents in the three types 
of alcoholic beverages. Each dot corresponds to the samples. 
The cross indicates the mean concentration of the compound 
and the line indicates the median concentration of the compound
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only in soju samples. Coumarin is a secondary metabolite 
originating from the phenylpropanoid pathway via cin-
namic acid [43]. Among aldehydes, nonanal was detected 
in all three types of alcoholic beverages. 2-Methylfuran, 
2,5-dimethylfuran, and 3-(4-methylpent-3-enyl)furan 
were observed only in beer. 2-Methylfuran, which con-
tributes to the sweet chocolate aroma, has been known 
to be found in brewing barley [7, 38]. 2,5-Dimethylfuran 
and 3-(4-methylpent-3-enyl)furan have also been known 
to be detected in beer [32, 38]. 2-Ethyl-3-methylpyrazine 
was found in one sample of wine. Pyrazines, which are 
considered as a group of volatile heterocyclic nitrogen-
containing compounds, are regarded as crucial flavor 
compounds found in various foods [47]. In particular, 
pyrazines play an important role in the flavor of cereal 
brewed beers [33]. Pyrazine production levels are cho-
sen as indicators of sensory food quality, primarily aris-
ing from the non-enzymatic Maillard reaction between 
amino acids and reducing sugars during heating. Ren 
et al. reported that monitoring pyrazine levels in wine is 
crucial because, even at low concentrations, it can organ-
ically affect wine quality. Pyrazine derivatives can be clas-
sified into three types, including natural pyrazines, alkyl 
pyrazines, and pyrazines produced by microorganisms 
[33]. In wine, most monocyclic alkylpyrazines are pro-
duced by enzymatic reactions mediated by microorgan-
isms [33]. Compared to other alcoholic beverages, soju 
had higher content of furans, which was attributed to 
its relatively high levels of furfural. Furfural, which had a 
high content in soju, is mainly produced by the pyrolysis 
of polypentose in the hulls of grains [44] and is generated 
in the later stages of distillation [20]. This compound has 

the sweet aroma note of almonds [44]. Methionol was 
detected in all alcoholic beverages, except for beer. It is 
a compound derived from the catabolism of methionine 
via the Ehrlich pathway during fermentation and usually 
contributes to the off-flavor [8].

Principal component analysis
In Fig.  3, the first three principal components (PCs) 
explained 50.8% of the variance 22.1%, 17.0%, and 11.7% 
for PC1, PC2, and PC3, respectively. Those compounds 
responsible for the discrimination of soju and beer can 

Table 3  Concentrations of methanol in three types of alcoholic beverages

1 Mean values ± standard deviation

Standard curve Linearity(R2) LOD LOQ

y = 0.0373x+ 0.1834 0.9999 1.00 3.04

Concentration (mg/L)1)

wine beer Soju

w1 274 ± 0.437 b1 N.D s1 5.10 ± 1.34

w2 396 ± 0.708 b2 N.D s2 25.6 ± 0.252

w3 373 ± 2.76 b3 6.31 ± 0.717 s3 12.2 ± 2.25

w4 150 ± 3.46 b4 13.6 ± 0.892 s4 21.8 ± 1.14

w5 340 ± 2.67 b5 N.D s5 trace

w6 257 ± 4.58 b6 N.D s6 trace

w7 282 ± 4.17 b7 6.08 ± 0.317 s7 6.91 ± 1.11

w8 215 ± 2.13 b8 N.D s8 11.5 ± 2.22

w9 43.6 ± 3.79 b9 N.D s9 trace

b10 9.65 ± 1.21 s10 trace

Detection rate (%)

100 41.7 100

Fig. 3  PCA 3D score plots of volatile compounds of wine, beer, 
and soju. Each color indicates as follows: Pink, wine; Blue, beer; Green, 
soju 
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be attributed to some alcohol components, such as 
propan-1-ol, 2-methylpropan-1-ol, and 3-methylbutan-
1-ol, and acids, such as octanoic acid, in the negative 
direction of PC1. Wine was distinguished from other 
alcoholic beverages by some esters, such as methyl ace-
tate, ethyl (E)-but-2-enoate, ethyl 3-hydroxybutanoate, 
and diethyl butanedioate, and alcohols, such as hexan-
1-ol, nonan-2-ol, and nonan-1-ol, in the positive direc-
tion of PC2.

A simultaneous analytical method for methanol, fusel 
alcohols, and other volatile compounds was estab-
lished to analyze wine, beer, and soju samples. The LOD 
and LOQ were calculated to be 1.00 and 3.04 ug/mL, 
respectively, which shows that the method has suffi-
cient sensitivity. The methanol content was higher in 
wine than in beer and soju, with concentrations ranging 
from 43.6 to 396 mg/L in wine, 0 to 13.6 mg/L in beer, 
and 1.45 to 25.6 mg/L in soju.

To compare volatile components of the three types of 
alcoholic beverages, a multivariate statistical approach, 
such as principal component analysis (PCA), was applied 
to distinguish the different sample groups, depending 
on volatile components. This study found some volatile 
compounds that contribute to the discrimination of three 
types of alcoholic beverages. We also provided volatiles 
profiles for three types of alcoholic beverages, possibly 
suggesting quality indicators for alcoholic beverages.
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