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prepared with distillation under reduced 
pressure–continuous liquid–liquid extraction 
and hot water extraction
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Abstract 

In this study, volatile compounds of various beans (black bean, mung bean, and soybean) were analyzed on the basis 
of particle sizes and extraction temperatures by two extraction methods, namely, distillation under reduced pressure–
continuous liquid–liquid extraction (DRP–LLE) and hot water extraction (HWE). The experimental results confirmed 
the presence of 10 volatile components. The five major volatile compounds were hexanal, 2‑methyl‑1‑butanol, 
1‑hexanol, 1‑octen‑3‑ol and benzaldehyde. The highest total volatile compound concentrations in the extracts of 
black bean, mung bean, and soybean using DRP–LLE were obtained at 60 °C and 355–500 μm, 60 °C and 500–710 μm, 
and 50 °C and 355–500 μm, respectively. For the same particle size, the total volatile compound concentrations in 
the extracts of black bean, mung bean, and soybean obtained by HWE at 70 °C were 2–3 times significantly higher 
than those obtained at 90 °C. Moreover, the highest total volatile compound concentration was obtained in the black 
bean extract by HWE at 500–710 μm, while the lowest total volatile compound concentration in the soybean extract 
was obtained by HWE at 500–710 μm. The total concentrations of volatiles in the black bean and soybean extracts 
obtained by DRP–LLE were significantly higher than those obtained by HWE.
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Introduction
Beans are widely grown throughout the world and 
include many species, such as soybean, black bean, mung 
bean, and kidney bean, which show distinct characteris-
tics. In Korea, soybean, black bean, and mung bean are 
the main legume species used in the traditional Korean 
diet. Moreover, Koreans commonly consume fermented 
products, such as doenjang and cheongkukjang using 
soybean, black bean, and mung bean [1]. Beans are a rich 

source of proteins (20–25%), carbohydrates (50–60%), 
minerals, and vitamins [2]. The nutritional content of 
beans varies greatly depending on the type of beans [3]. 
In addition to these nutrients, beans contain various 
functional ingredients, such as isoflavones, saponins, 
anthocyanins, and tocopherol, which have been glob-
ally attracting attention as functional food materials [4]. 
Beans have various physiological effects, such as antioxi-
dant and antimicrobial properties [5], anti-inflammatory 
activities [6], anti-obesity effects [7], antinociceptive 
activities [8], and the ability to prevent chronic degenera-
tive diseases [9].

Volatile profiling of beans is both economically and sen-
sorially important, because it can be used to characterize 
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off-odours as well as grade beans [10]. Several previous 
studies have reported profiles of the volatile compounds 
in beans. The properties of beans can be affected by their 
cultivation region, because each cultivation area has dif-
ferent local weather conditions, soil, and herbicide pro-
files [11–14]. Several researchers have reported that 
variation of volatile compounds is dependent on various 
extraction conditions, such as extraction temperature, 
particle size, and sample species. According to the previ-
ous report, the highest volatile compounds of rice extract 
were detected at extraction temperatures of 60 and 70 
at a particle size of 355 um [15]. Arabica espresso coffee 
prepared as the particle sizes range between 300 and 425 
um was shown the highest volatile compounds concen-
trations [16]. The larger the particle sizes, the more vola-
tile compounds were detected in Ligusticum chuanxiong 
Hort [17]. Volatile compounds have been shown to be 
significantly different between soybeans from different 
ecological cultivation regions [18].

Several extraction and analysis methods have been 
used to evaluate the volatile compounds of beans. The 
volatile compounds of kidney beans and soybeans were 
isolated with the model mouth system and analysed with 
gas chromatography mass spectrometry (GC–MS) [19]. 
The volatile compounds of black beans were isolated with 
simultaneous steam distillation extraction (SDE) and 
headspace solid-phase microextraction (HS-SPME) and 
also analysed with GC–MS [20, 21]. However, the SDE 
method can cause degradation or loss of volatiles, since it 
is performed at high distillation temperatures. To prevent 
such degradation or loss of volatiles, soybeans and mung 
beans were extracted by steam distillation under reduced 
pressure (DRP) and continuous liquid − liquid extraction 
(LLE) and analysed with GC–MS [22].

Although several studies have assessed the vola-
tile aroma constituents of beans, to our knowledge, the 
effects of milling and extraction temperatures on the vol-
atile compounds in beans have not been reported to date. 
This study aimed to evaluate the effects of particle size 
and extraction temperature on volatile compounds of dif-
ferent kinds of beans. To this end, the volatile compound 
profiles in bean extracts were analysed in relation to their 
particle size and extraction temperature. Steam DRP fol-
lowed by continuous LLE with 30% ethanol and hot water 
extraction (HWE) [23] followed by HS-SPME were used 
to profile the volatile compounds of various dry beans 
(black bean, mung bean, and soybean).

Materials and methods
Chemical reagents and materials
Dried black beans [Phaseolus vulgaris  L.], mung beans 
[Vigna radiata (L.) R. Wilczek], and soybeans [Glycine 
max (L.) Merr.] were harvested and dried at Dongguk 

University Farm located in Goyang, Republic of Korea, in 
2020. Beans were sown in June and harvested in October. 
The growing conditions of beans followed the farm’s pro-
tocol. Beans were dried using a convection oven (Jinsung 
Co., Seoul, Korea) at 40 °C for 48 h. The variety of plants 
was identified in the department of biological science 
of Dongguk University, Goyang, Republic of Korea. The 
beans were ground for 20 s by a grinder (SMKANB-4000; 
Poongnyun Co., Ltd., Korea), and the ground beans were 
passed through three different standard testing sieves 
with sizes of 355  μm, 500  μm, and 710  μm for 2  min 
using a sieve shaker (CG-211–8; Chunggye Co., Korea). 
The selection of the sieve size was based on the previ-
ous report [22]. The moisture contents of mung bean, 
soy bean, and black bean are 12%, 8.5%, and 8%, respec-
tively. All beans were stored at room temperature until 
the analysis.

Ethanol (30% v/v) was purchased from J. T. Baker 
(Center Valley, PA, USA), and stored at room tem-
perature until the analysis. HPLC-grade water, metha-
nol (> 99.8%), hexane (> 97.0%), and dichloromethane 
(DCM, > 99.8%) were purchased from J. T. Baker (Center 
Valley, PA, USA). Anhydrous sodium sulphate (> 95%) 
was purchased from Junsei Chemical (Tokyo, Japan). 
Sodium chloride (99.0%) was purchased from Samchun 
Co. (Seoul, Korea). Divinylbenzene/carboxen/polydi-
methylsiloxane (50  μm DVB/CAR/PDMS) solid-phase 
microextraction (SPME) fibre was purchased from 
Supelco Inc. (Bellefonte, PA, USA). Methyl cinnamate 
(> 99.0%) and an alkane standard (C7–C30, > 98.0%) 
were purchased from Sigma-Aldrich Chemical Co. (St. 
Louis, Mo, USA). Seventeen standard compounds were 
purchased from different suppliers as follows: hexanal 
(> 95.0%), 2-methyl-1-butanol (> 98.0%), 2-heptanone 
(> 99.0%), 3-octanone (> 98.0%), 1-hexanol (> 99.9%), 
3-octanol (> 99.5%), benzaldehyde (> 99.5%), phenethyl 
alcohol (> 98.0%) were purchased from Sigma-Aldrich 
Chemical Co. (St. Louis, Mo, USA), while cis-3-hexen-
1-ol (> 97.0%), 1-pentanol (> 99.0%), octanol (> 98.0%), 
nonanal (> 95.0%), 1-octen-3-ol (> 98.0%), 1-octanol 
(> 98%), γ-hexalactone (> 99.0%), 1-nonanol (> 99.0%), 
and benzyl alcohol (> 99.0%) were obtained from Tokyo 
Chemical Industry Co, (Tokyo, Japan).

Isolation of volatile compounds by DRP and continuous 
LLE
Volatile compounds from beans (black bean, mung bean, 
and soybean) were extracted using a slight modification 
of a previously reported DRP method [24]. The extrac-
tion of beans was carried out triplicate replication for the 
analysis.

In this method, 100  g of beans, 400  mL of 30% etha-
nol, a magnetic stirrer bar, and boiling chips were filled 
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into a 1L round-bottomed flask. Next, the solution was 
spiked with 50 μL of methyl cinnamate as an internal 
standard (100  μg/mL) and 20 μL of n-alkane standard 
(100  μg/mL). The mixture was steam-distilled at des-
ignated temperatures (50  °C, 60  °C, and 70  °C) under 
reduced pressures (50  mmHg) until the volume of the 
distillate reached 200  mL. The distillate (200  mL) was 
extracted with 200 mL of dichloromethane (DCM) using 
continuous LLE for 6 h at 60 °C. After extraction, anhy-
drous sodium sulphate was added to the collected DCM 
for dehydration, and the solution was stored in a deep 
freezer overnight. Subsequently, anhydrous sodium sul-
phate was separated from the solution using filter paper 
(No. 1, 110  mm, Whatman). The solution was concen-
trated with a rotary evaporator to 1 mL, and the residual 
solution was further concentrated under a purified nitro-
gen steam to 0.4  mL. This extract sample was used for 
gas chromatography–mass spectrometer detector (GC–
MSD) analysis.

Isolation of volatile compounds by HWE and HS‑SPME
Volatile compounds from beans (black bean, mung bean, 
and soybean) were extracted using a slightly modified 
version of a method described in a previous study [25]. 
HWE and HS-SPME followed by GC–MSD analysis were 
performed to assess the volatile compounds of beans. 
For HWE, 30  g of beans and 150  mL of distilled water 
were filled into a 250  mL Duran laboratory bottle. The 
mixture was extracted overnight in a water bath (70 °C), 
followed by filtration using filter paper (No. 1, 110 mm, 
Whatman).

For HS-SPME, 10 mL of the extracted solution, 1 g of 
sodium chloride, a magnetic stirrer bar, and boiling chips 
were filled into a 20  mL headspace vial. The solution 
was spiked with 3 μL of methyl cinnamate as an inter-
nal standard (10  μg/mL) and 20 μL of n-alkane stand-
ard (100  μg/mL). The headspace vial was incubated for 
10 min in a beaker filled with distilled water maintained 
at a designated temperature (70 °C, 80 °C, and 90 °C) by 
a hot plate. After equilibrium, the SPME fiber, divinylb-
enzene/carboxen/poly-dimethylsiloxane (DVB/CAR/
PDMS) for 40 min at 70 °C, 80 °C, and 90 °C, respectively. 
After absorption, the SPME fibre was inserted into the 
injection port of GC at 230 °C for 10 min for desorption 
of volatile compounds.

Instrumental analysis
Analysis of volatile compounds in beans (black bean, 
mung bean, soy bean) was performed using GC–MSD 
(Agilent 7820A gas chromatography with Agilent 5977E 
mass spectrometry detector). A DB-WAX column 
(60  m × 0.32  mm I.D. × 0.5  μm film thickness, J&W 
Scientific, Folsom, CA) was used to separate volatile 

compounds. The helium carrier gas flow was maintained 
at 1.0 mL/min with a constant flow. The injector was used 
in the splitless mode at 230 °C. The oven temperature was 
set to 44 °C for 5 min. Subsequently, the temperature was 
raised to 170  °C at 3  °C/min and held for 10  min, and 
finally raised to 240 °C at 8 °C/min for 5 min. The ioniza-
tion energy was 70 eV and scan range was 50–550 m/z.

Identification and quantification of volatile compounds
Volatile compounds of beans (black bean, mung bean, 
and soybean) were analysed in relation to various parti-
cle sizes and extraction temperatures. Bean extracts were 
analysed by two types of extraction methods: (a) DRP 
and continuous LLE, (b) HWE and HS-SPME.

Volatile compounds of bean extracts were analysed 
qualitatively and quantitatively, and the 10 most abun-
dant volatile compounds in each extract were identified. 
Identification of volatile compounds was performed on 
the basis of three parameters: (A) mass spectrum (MS) in 
Wiley Library, (B) Kovats retention index (KI) on the DB-
WAX column in the NIST database, and (C) co-injection 
(CO). For quantification of volatile compounds, the sam-
ples were run in triplicate. The peak area ratio (PAR) was 
calculated by dividing the integrated areas based on the 
total ion chromatograms with the areas of the internal 
standard (methyl cinnamate).

Statistical analysis
Each experiment was repeated three times and the 
mean ± standard deviation (SD) were presented. To 
compare significant differences, data were analysed with 
one-way ANOVA and Duncan’s multiple-range tests 
(p < 0.05). Statistical analysis was performed by IBM SPS 
Statistics 25 (IBM, Chicago, USA).

Results and discussion
Isolation of volatile compounds by distillation 
under reduced pressure (DRP) and continuous liquid–
liquid extraction (LLE)
The volatile compounds of each bean (black bean, 
mung bean, soybean) extracted by DRP–LLE were ana-
lysed qualitatively, and the major volatile compounds 
were selected. A total of two aldehydes, seven alcohols, 
and one ketone were identified in black bean extracts 
(Table  1). The results of quantitative analysis of the 
volatile compounds in black bean extracts with various 
particle sizes and extraction temperatures are shown in 
Table 1. Bean samples have significantly different vola-
tile components depending on the cultivation area and 
environment, but certain components exist in com-
mon [18]. Among the 3 groups of volatile compounds, 
alcohols were detected the most, followed by aldehydes 
and ketones. Aldehydes extracted from black bean by 
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DRP–LLE included hexanal and nonanal. Hexanal is 
characterized by a grassy and fatty odour, and nonanal 
had a floral and waxy odour [22]. Compared with SDE 
method [21], a loss of volatiles was reduced in current 
DRP–LLE method. At 50  °C, the hexanal content was 
greater than the nonanal content.

Alcohol compounds included 2-methyl-1-butanol, 
1-pentanol, 1-hexanol, 3-octanol, 1-octen-3-ol, benzyl 
alcohol, and phenethyl alcohol. These alcohol compounds 
are characterized by sweet, oily, and floral odours. Among 
alcohol compounds, 1-octen-3-ol showed the high-
est concentration, and it had a mushroom-like and fatty 
odour [26]. The ketone compound was γ-hexalactone, 
which had a waxy and creamy odour [27]. However, at 
70  °C, γ-hexalactone was not detected. The sums of the 
peak area ratios of nine samples are presented in Table 1. 
The highest concentration of volatile compounds in black 
bean was extracted at 60  °C with a particle size of 355–
500 μm, while the lowest concentration of volatile com-
pounds was extracted at 60  °C with whole size. In black 
beans total volatiles were reversely proportional to par-
ticle size in all distillation temperature. These results are 
consistent with the results of previous studies in which 
the smaller the coffee bean particles, the more soluble 
and volatile compounds were extracted [28].

A total of three aldehydes and seven alcohols were 
identified in mung bean extracts (Table 2), with alcohols 
being predominantly detected. The aldehyde compounds 
extracted from mung bean by DRP–LLE included octa-
nal, nonanal, and benzaldehyde. According to the pre-
vious report, the major volatiles in mung beans are 
hexanol, benzyl alcohol, and γ-butyrolactone [29, 30]. 
Octanal is characterized by a fatty odour and benzalde-
hyde had a bitter almond odour [24]. Among the alde-
hyde compounds, benzaldehyde was usually detected 
more often than the other compounds. Octanal was 
not detected at 50  °C for the 500–700  μm size and at 
70  °C for the 355–500 μm size. The alcohol compounds 
included 2-methyl-1-butanol, 1-pentanol, 1-hexanol, 
1-octanol, 1-nonanol, benzyl alcohol, and phenethyl alco-
hol. Among the alcohol compounds, 2-methyl-1-butanol 
was predominant. Phenethyl alcohol was not detected at 
70 °C for the 355–500 μm size. The highest concentration 
of volatile compounds in mung bean was extracted at 
60 °C with a particle size of 500–710 μm, while the low-
est concentration of volatile compounds was extracted 
at 70  °C with a particle size of 355–500 μm. This shows 
the same tendency as the result that when fine particles 
(355–510 μm) are used in the espresso method, the pen-
etration rate may be slow, because the gaps between the 
ground coffee powder are small and the porosity is low 
[31]. In addition, a previous study has suggested that this 
is because the cellular structure of coffee beans opens up, 

allowing higher levels of residual levels of volatile com-
pounds to be released [32].

A total of three aldehydes and seven alcohols were 
identified in soybean extracts (Table  3), with alcohols 
being predominantly detected. The aldehyde compounds 
extracted from soybean by DRP–LLE included hexa-
nal, nonanal, and benzaldehyde. Among these aldehyde 
compounds, hexanal was usually detected more than 
the other compounds. Benzaldehyde was not detected 
at 70 °C for whole size. The alcohol compounds detected 
included 2-methyl-1-butanol, 1-hexanol, cis-3-hexen-
1-ol, 3-octanol, 1-nonanol, benzyl alcohol, and phene-
thyl alcohol. Among the alcohol compounds, 1-hexanol 
was usually detected more than the other compounds. 
1-Nonanol was not detected at 50 °C for the 500–710 μm 
size. The sums of the peak area ratios of nine samples are 
presented in Table 3. The highest concentration of vola-
tile compounds in soybean was extracted at 50 °C with a 
particle size of 355–500 μm. However, the lowest concen-
tration of volatile compounds in soybean was extracted 
at 60 °C with whole size. This result is similar to the ten-
dency for black bean samples.

Isolation of volatile compounds by HWE and HS‑SPME
A total of three aldehydes, five alcohols, and two ketones 
were identified in black bean extracts by HWE (Table 4). 
The 10 major volatile compounds were selected and ana-
lysed. Among the three groups of volatile compounds, 
alcohols were detected the most, followed by aldehydes 
and ketones. Aldehyde compounds detected by HS-
SPME in black bean extracts included hexanal, nonanal, 
and benzaldehyde. Among the aldehyde compounds, 
hexanal was detected more often than the other com-
pounds. The alcohol compounds included 1-hexanol, 
3-octanol, 1-octen-3-ol, benzyl alcohol, and phene-
thyl alcohol, of which 1-octen-3-ol was predominantly 
detected. The ketone compounds detected were 2-hep-
tanone and 3-octanone. 2-Heptanone had a soapy odour, 
while 3-octanone had a herbaceous and buttery odour 
[23, 33]. The sums of the peak area ratios of nine samples 
are presented in Table 4. The lower the SPME-HS incuba-
tion temperature, the higher the concentration of volatile 
compounds.

A total of three aldehydes, six alcohols, and one ketone 
were identified in mung bean extracts (Table 5). Among 
the three groups of volatile compounds, alcohols were 
detected the most, followed by aldehydes and ketones. 
The aldehyde compounds detected in mung bean extracts 
by HS-SPME included hexanal, nonanal, and benzalde-
hyde, with benzaldehyde being detected more than the 
other compounds. The alcohol compounds included 
1-hexanol, cis-3-hexen-1-ol, 1-octen-3-ol, 1-octanol, 
benzyl alcohol, and phenethyl alcohol, with 1-hexanol 
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being detected in the highest concentration. The ketone 
compound detected was 2-heptanone. The sums of the 
peak area ratios of nine samples are presented in Table 5. 
The lower incubation temperature, the higher the con-
centration of volatile compounds, similar to the tendency 
for black bean.

A total of two aldehydes and eight alcohols were iden-
tified in soybean (Table  6). Among the two groups of 
volatile compounds, alcohols were detected the most, fol-
lowed by aldehydes. The aldehyde compounds detected 
by HS-SPME included hexanal and benzaldehyde. 
Among aldehyde compounds, hexanal was detected 
more than benzaldehyde. The alcohol compounds 
included 2-methyl-1-butanol, 1-hexanol, cis-3-hexen-
1-ol, 3-octanol, 1-octen-3-ol, 1-octanol, benzyl alcohol 
and phenethyl alcohol, with 1-octen-3-ol being detected 
in the highest concentration. The sums of the peak area 
ratios of nine samples are presented in Table 6. The lower 
the incubation temperature, the higher the concentra-
tion of volatile compounds, similar to the tendency for 
black bean and mung bean. Previous studies have dem-
onstrated that HS-SPME at a low incubation temperature 
is the most efficient method when analyzing the volatile 
compounds of soymilk made from soy beans [34].

Among the total volatile compounds of extracts of 
various beans detected by DRP–LLE, black bean showed 
the highest concentration of volatile compounds, fol-
lowed by soybean and mung bean. However, mung bean 
showed the highest concentration of volatile compounds 
in HS-SPME. The total volatile compound contents of 
black bean and soybean extracts detected by DRP–LLE 
were more than those detected by HS-SPME. However, 
the volatile compound content in mung bean extracts 
detected by DRP–LLE was less than that detected by 
HS-SPME. In conclusion, DRP–LLE for black beans 
and soybeans and HWE for mung beans were the high-
est concentration of volatile compounds. The difference 
in the concentration of volatile compounds detected in 
different species may be due to differences in the inter-
nal structure of beans and the distribution of compound 
components [32].

Concluding remarks
This study measured the volatile compounds in extracts 
of various beans (black bean, mung bean, soybean). The 
amounts of volatile compounds obtained by two extrac-
tion and analysis methods were assessed in relation to 
the particle size and temperature. The main volatile com-
pounds in 54 bean extracts were hexanal, 2-methyl-1-bu-
tanol, 1-hexanol, 1-octen-3-ol, and benzaldehyde. The 
total volatile compound content of black bean extracts 
was the highest when extraction was performed with 
DRP at 60 °C with a particle size of 355–500 μm. The total 

volatile compound content of mung bean extracts was 
the highest when extraction was performed with HWE at 
50 °C with a particle size of 500–710 μm. The total vola-
tile compound content of soybean was the highest when 
extraction was performed with DRP at 70 °C with a parti-
cle size of 355–500 μm. The total volatile compound con-
tents of black bean and soybean extracts obtained with 
DRP were higher than those obtained with HWE, while 
the reverse was true for the mung bean extract. On the 
basis of these results, optimal conditions for particle size, 
extraction temperature, and extraction method can be 
used to maximize the volatile compound content and to 
produce foods with various bean flavourings.
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