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1  INTRODUCTION

Mushrooms have been consumed since ancient times for 

medicinal and functional purposes, because of their dis-

tinctive flavors and textures
1－4）

. Among diverse volatile 

components, a series of aliphatic components including 

1-octen-3-ol, 3-octanol, 1-octanol, 1-octen-3-one, and 3-oc-

tanone have been reported to be the major contributors to 

the characteristic odor of mushrooms. In particular, an un-

saturated alcohol contributes to the “mushroom-like odor” 
and “raw mushroom smell”, and has been identified in 

many mushroom species. Together with its oxidation 

product, 1-octen-3-one is considered to be responsible for 

the characteristic odor of most edible mushrooms.

Boletopsis leucomelas（Pers.）Fayod belongs to the 

genus Boletopsis in the family Thelephoraceae. The Japa-

nese name is Kurokawa
5）

, and it is a traditional Japanese 

food containing a black fruiting body. B. leucomelas con-

tains terphenyl compounds, which exhibit 5-lipoxygenase 

and kinase domain receptor（KDR）kinase inhibitory abili-

ties and lectin apoptosis-inducing activities
6－11）

. In addi-

tion, B. leucomelas has a characteristic burnt odor. To the 

best of our knowledge, the burnt odor has not been found 

in other mushrooms. In fact, this aroma is unique to B. leu-
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comelas. The odor components and volatile oil are impor-

tant factors to be considered in elucidating this character-

istic. However, to the best of our knowledge, volatile 

components of B. leucomelas and other Thelephoraceae 

mushrooms have not been reported.

Gas chromatography-mass spectrometry（GC-MS）and 

gas chromatography-pulsed flame photometric detection

（GC-PFPD）are the most commonly used methods to 

analyze chemical compounds. In flavor analysis, chroma-

tography-olfactometry（GC-O）is typically used to evaluate 

odorants. In particular, GC-O in combination with aroma 

extract dilution analysis（AEDA）is useful for estimating the 

contribution of odor-active compounds as AEDA utilizes 

sniffing analysis. By sniffing serial dilutions of a volatile oil

（VO）, volatile compounds can be ranked according to odor 

potency
12）

. The odor potency is expressed as the flavor di-

lution factor（FD-factor）, which is the ratio of the initial 

concentration of a compound to the most diluted concen-

tration in which the odor could be detected by GC-O. 

The aim of the present work was to investigate the VO 

from B. leucomelas. Herein, the volatile compounds and 

characteristic odor-active compounds from B. leucomelas 

oil are reported for the first time.

Abstract: The volatile oil from Boletopsis leucomelas (Pers.) Fayod was extracted by hydrodistillation with 

diethylether, and the volatile components of the oil were analyzed by gas chromatography-mass 

spectrometry. The oil contained 86 components, representing 87.5% of the total oil. The main components 

of the oil were linoleic acid (15.0%), phenylacetaldehyde (11.2%), and palmitic acid (9.4%). Furthermore, 

sulfur-containing compounds including 3-thiophenecarboxaldehyde, 2-acetylthiazole, S-methyl 

methanethiosulfonate, and benzothiazole were detected using gas chromatography-pulsed flame 

photometric detection. The odor components were evaluated by the odor activity value, and aroma extract 

dilution analysis was performed through gas chromatography-olfactometry analysis. The oil had a 

mushroom-like, fatty, and burnt odor. The main components contributing to the mushroom-like and fatty 

odor were hexanal, nonanal, 1-octen-3-ol, and (2E)-nonenal, while the burnt odor was due to furfuryl 

alcohol, benzaldehyde, 5-methyl furfural, 2,3,5-trimethylpyrazine, 2-acethylthiazole, and indole.
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2  EXPERIMENTAL PROCEDURES

2.1  Plant material

Boletopsis leucomelas（Pers.）Fayod was obtained from 

Fukushima prefecture, Japan in April 2011. Identification 

of the mushroom was performed in the biotechnology labo-

ratory at Kinki University in Osaka, Japan.

2.2  Isolation of the VO

The VO from dried B. leucomelas（100 g）was isolated by 

hydrodistillation with a Likens-Nickerson-type apparatus 

for 2 h in distilled dietylether. After filtration, the oil was 

treated with sodium sulfate and the solvent was evaporated 

in vacuo. The yield of the oil was 0.024％（w/w）.

2.3  Gas Chromatography（GC）
GC was carried out with an Agilent model 6890 GC-

equipped with a flame ionization detector（FID）on a capil-

lary column（HP-5MS; 30 m×0.25 mm, film thickness 0.25 

μm）. The oven temperature was programmed from 40 to 

260℃ at a rate of 4℃/min and held at 260℃ for 5 min. The 

injector and detector were 270 and 280℃, respectively. 

The flow rate of the carrier gas（Helium）was 1.8 mL/min. 

Peak areas were quantified using a computer integrator.

2.4  Gas Chromatography-Mass Spectrometry（GC-MS）
GC-MS analysis was carried out on an Agilent 6890-5973 

instrument. The sample was analyzed on a fused-silica cap-

illary column HP-5MS（polydimethylsiloxane, 30 m×0.25 

mm i.d., film thickness 0.25 μm）and DB-WAX（15 m×0.25 

mm i.d., film thickness 0.25 μm）. The oven temperature 

was programmed from 40 to 260℃ at a rate of 4℃/min and 

held at 260℃ for 5 min. The flow-rate of the carrier gas

（Helium）was 1.8 mL/min. The injector and detector tem-

peratures were 270 and 280℃, respectively. The actual 

temperature in the MS source was approximately 230℃, 

and the ionization energy was 70 eV. The mass range was 

39–450 amu. After 6 mg of the oil was diluted with 500 mL 

of diethylether, 1 mL of the dilution was injected with a 

split ratio of 1:10.

2.5    Gas chromatography-Pulsed Flame Photographic De-

tection（GC-PFPD）
GC-PFPD analysis was carried out using an Agilent 6890-

Pulsed Flame Photometric Detector. The sample was ana-

lyzed on a fused-si l ica capil lary column HP-5MS

（polydimethylsiloxane, 30 m×0.25 mm i.d., film thickness 

0.25 μm）. The oven temperature was programmed from 40 

to 260℃ at a rate of 4℃/min and held at 260℃ for 5 min. 

The flow rate of the carrier gas（He）was 1.8 mL/min. The 

injector and the detector temperatures were 270 and 

280℃, respectively.

2.6  Gas chromatography-olfactometry（GC-O）
GC-O analysis was performed on an Agilent-6890-5973N 

with a capillary column and HP-5MS（polydimethylsiloxane, 

30 m×0.25 mm i.d., film thickness 0.25 μm）. The oven 

temperature was programmed from 40 to 260℃ at a rate of 

4℃/min and held at 260℃ for 5 min. The flow-rate of the 

carrier gas（He）was 1.8 mL/min. The injector and detector 

temperatures were 270 and 280℃, respectively. The ioniza-

tion energy was 70 eV. One microliter of oil was injected. 

At the exit of the capillary column, the effluent was split 

into channels to the mass detector and the sniffing port at 

a 1:1 split ratio.

2.7  AEDA

The highest sample concentration（10 mg/mL）was as-

signed an FD-factor of 1. The volatile oil was diluted step-

wise with diethylether（1:1, v/v）, and aliquots of the dilu-

tions（1 μL）were evaluated. The process continued until no 

aroma could be detected by the assessors. The results 

were expressed as FD-factors, or the ratio of the concen-

tration of the odorant in the initial volatile oil to the con-

centration in the most diluted volatile oil in which the odor 

was detected by GC-O
13, 14）

. An odorant with a high FD-fac-

tor can be considered an important contributor to the 

characteristic odor. 

2.8  Identification and quantification of compounds

Identification of the individual components was based on 

the comparison of their GC-MS retention indices（RIs）on 

non-polar and polar columns relative to the retention time 

of a series of n-alkanes（C5-C27）and authentic compounds

［commercial source: Wako Pure Chemical Industries Ltd.

（Osaka, Japan）, Sigma-Aldrich（St. Louis, Tokyo）, Chemi-

cal Industry Co. Ltd.（Tokyo, Japan）］or literature data
15）

. 

Computer matching was carried out with commercial mass 

spectral libraries NIST02, Mass Finder 4, and Aroma Office 

and compared to literature data. The relative amounts of 

the individual components were calculated based on GC 

peak areas of the FID response without using correction 

factors. 

Quantitative analysis of the active aroma components of 

the oils was performed on the basis of calibration curves 

for hexanal（3）, furfural（4）, and α-copaene（65）within the 

concentration range of 0.5–1000 μg/mL. The weight 

percent of each compound was calculated using the re-

sponse factors of the FID. 

3  RESULTS AND DISCUSSION

3.1    Chemical components of the volatile oil from Boletop-

sis leucomelas

The hydrodistillation of B. leucomelas afforded a yellow 

oil in a 0.024％（w/w）yield. Eighty-six components were 

identified in the VO of B. leucomelas, representing 87.5％ 

of the total oil（Table 1 and Fig. 1）. The main components 
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of the VO were linoleic acid（81, 15.0％）, phenylacetalde-

hyde（26, 11.2％）, and palmitic acid（77, 9.4％）. Generally, 

sulfur-containing volatiles play an important role among 

odor active compounds. A PFPD chromatogram confirmed 

the presence of sulfur-containing compounds（Fig. 1）. In 

particular, four sulfur-containing compounds were identi-

fied including 3-thiophenecarboxaldehyde, 2-acethylthia-

zole, S-methyl methanethiosulfonate, and benzothiazole. 

Notably, 3-thiophenecarboxaldehyde, which was also found 

in sesame oil
16）

, was identified for the first time in mush-

rooms. On the other hand, nitrogen-containing compounds 

2,5-dimethylpyrazine, trimethylpyrazine, indole, and cis-

Table 1　Compositions of the volatile oil from Boletopsis leucomelas.
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13-docosenamide（86）were also identified. Compound 86 

was previously found in the essential oil of Citrus medica 

L
17）

, and identified in mushrooms for the first time. Catego-

ry analysis revealed that fatty acids（41.6％）were the most 

significant components of the VO. Other components de-

tected were hydrocarbons（5.3％）, alcohols（5.2％）, alde-

hydes（18.0％）, ketones（2.6％）, esters（5.3％）, furans

（6.2％）, and nitrogen and sulfur-containing compounds

（2.9％）. 
It was previously reported that only a small amount of 

furan-containing compounds were found in the VO of other 

mushrooms（Pleurotus citrinopileatus
18）

 and Lactarius 

Table 1　Continued.
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hatsudake
19））. However, in the VO of B. leucomelas, fu-

ran-containing compounds such as furfral, furfuryl alcohol, 

2-acetylfuran, 5-methylfurfural, 2-pentylfuran, furfuryl 

acetate, and 2-hexylfuran were identified. Therefore, we 

hypothesized that furan-containing compounds were char-

acteristic of the B. leucomelas oil. Furthermore,（E）-gera-

nylacetone and（E,Z）-pseudoionone（55）were also identi-

fied in the VO. Importantly, 55 has not been reported in 

other mushrooms.

3.2    GC-O, AEDA, and odor activity value（OAV）of the VO 

from B. leucomelas

The odor of the VO of B. leucomelas was mushroom-

like, fatty, and slightly burnt. AEDA was performed through 

GC-O analysis
20－22）

. The flavor components and their odor 

properties are shown in Fig. 1 and Table 2. 

Twenty six compounds were detected by AEDA. Hexanal

（fatty）, 1-octen-3-ol（mushroom）, nonanal（fatty）, and

（2E）-nonenal（fatty）were the most intense odor-active 

compounds with FD-factors of 64. In addition, heptanal,

（2E）-octenal, and octanol had FD-factors of 32, and all had 

fatty odors. Therefore, B. leucomelas had a fatty and 

mushroom odor because of the compounds with high FD-

factors（64 or 32）.
The characteristic burnt odor of B. leucomelas was due 

to six compounds including furfuryl alcohol（FD＝16, 

burnt）, benzaldehyde（FD＝16, burnt sugar）, 5-methyl 

furfural（FD＝2, burnt sugar）, 2,3,5-trimethylpyrazine（FD

Fig. 1　 Chromatograms of VO from B. leucomelas: (A) TIC (straight line) and PFPD response (dot line), (B) aroma-

gram (FD-factor). *The peak numbers corresponded to those in Table 1.

Table 1　Continued.
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＝16, burnt）, 2-acethylthiazole（FD＝16, burnt）, and indole

（FD＝4, burnt）. On the other hand, 22 other compounds 

also contributed to the odor（sweet, sweaty, earthy, potato, 

musty, woody, and spicy）.
In the VO,（2E）-nonenal had the highest OAV（12,404）, 

followed by nonanal（1104）, 1-octen-3-ol（686）, hexanal

（404）, and heptanal（320）. Notably,（2E）-nonenal, nonanal, 

1-octen-3-ol, and hexanal had an FD-factor of 64. There-

fore, these compounds were considered to be the main 

components contributing to the mushroom and fatty odor. 

In addition, components contributing to the burnt odor 

were furfuryl alcohol（OAV＝69）, 2, 3, 5-trimethylpyrazine

（23）, and 2-acethylthiazole（48）, which were oxygen-, ni-

trogen- and sulfur-containing compounds. Generally, com-

pounds with high FD-factors also had high OAVs, confirm-

ing the positive relationship between FD-factor and OAV
23）

. 

The OAVs of 3-thiophenecarboxaldehyde, decanoic acid, 

α-aromadendrene, γ-muurolol, and γ-cadinol were not de-

termined owing to the unavailability of odor threshold data 

in the literature.

4  CONCLUSION

We identified 86 compounds in the VO of Boletopsis 

leucomelas（see Table 1）. The furan-containing compounds 

were characteristic constituents of the oil, and the mush-

room, fatty, and burnt odor-active compounds of the oil 

were detected by AEDA and OAV calculations（see Table 

2）. 
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