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Abstract:  The essential oil, obtained by steam distillation of flowers, leaves and stems from Wisteria 

brachybotrys Sieb.et Zucc, collected in Japan was analyzed by gas chromatography (GC) and GC-MS.  The 
important aroma-active compounds were also detected in the oil using GC-MS/Olfactometry (GC-MS/O) and 

aroma extraction dilution analysis (AEDA).  As a result, sixty-eight compounds from flowers of W. 

brachybotrys, accounting for 96.3%, were identified, and benzyl cyanide (31.7%), palmitic acid (8.7%), and (Z)-

γ-bisabolene (8.4%) as the main compounds.  Thirty compounds from leaves, accounting for 97.3%, were 
identified, and phytol (46.0%), palmitic acid (8.2%), and nonanal (5.7%) as the main compounds.  Twenty-eight 
compounds from stems, accounting for 98.7%, were identified, and geraniol (32.8%), linalool (22.1%), and nerol 
(10.4%) as the main compounds.  A preliminary analysis by GC-MS and using Kovats’ retention indexes, lead to 

characterize and quantify the oil constituents, while GC-MS/O was then applied for the identification of the main 
odorants.  By the incremental dilution method (AEDA), applied to the GC-MS/O technique, the flavor dilution 
(FD) factor was obtained.  To our knowledge, the composition of these parts of essential oils is described here 
for the first time, both from the chemical and olfactometric viewpoints. 
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1. Introduction 

The edible wild plant describes that grow naturally in the wild.  It has been used of a wide 
range of native ingredients in Japan, for it has characteristic flavor different from the vegetable. 

                                                
* Corresponding author:  E-Mail: miyazawa@apch.kindai.ac.jp, Phone: +81-6-6721-2332; Fax: +81-6-6727-4301. 

 



Determination of Characteristic Components in Essential Oils from W. brachybotry  

 

222

Therefore, many species of the edible wild plant has been used as traditional Japanese food.  In 
addition, the edible wild plant was found to have high antioxidant activities [1].  It is often cultivated 
in recent years.  Consequently, it is regard as familiar and healthy food.  Therefore, we have been 
investigated components and characteristic odor of the essential oil from the edible wild plant and 
medicinal plant [2-12]. 

The edible wild plant Wisteria brachybotrys Sieb.et Zucc is a fallen leaves-related creeper 
belonging the family Leguminosae and can be observe in all over Japan.  W. brachybotrys lets a purple 
flower bloom from April to June and gives off a refined good fragrance.  In addition, it not only enjoys 
the sight in the Tohoku region but also the sprouts and the stems are widely eaten as a boiled green, a 
tempura, and a vinegared dish.  However, there is no report of the volatile components of W. 

brachybotrys. 
This disadvantage of the static technique can be overcome, when the odorants present in the 

food are first screened by an aroma extraction dilution analysis (AEDA) and are subsequently 
identified. The odor qualities of most of the components are known from the AEDA, these odorants 
are easily recognized by capillary gas chromatography-mass spectrometry-olfactometry (GC-MS/O) 
of the essential oils.  The concept of AEDA was applied to indicate the compounds that are mainly 
responsible for the odors of W. brachybotrys. 

The purpose of this study was to investigate and compare the chemical compositions of 
essential oil from flowers, leaves, and stems of W. brachybotrys.  To the best of our knowledge, an 
investigation of the essential oil of W. brachybotrys has not been reported to date. 

 

2. Materials and Methods 
 

2.1. Plant Material  

 
Wisteria brachybotrys were harvested from Fukushima prefecture of Japan in June 2008.  

 

2.2  Gas Chromatography-Mass Spectrometry (GC-MS)  

GC-MS was carried out with a Hewlett-Packard 6890/ Hewlett-Packard 5973 instrument. 
GC conditions were equipped on capillary column (HP-5MS 30 m × 0.25 mm, film thickness 0.25 
µm).  On HP-5MS, the column temperature was programmed from 40-260˚C at a rate of 4˚C /min and 
held at 260˚C for 5 min.  The injector and detector temperatures were 270 and 280˚C, respectively.  
The flow rate of the carrier gas (He) was 1.8 mL/min.  The detector interface temperature was set at 
280˚C with the actual temperature in the MS source reaching approximately 230˚C and the ionization 
voltage 70 eV.  Split ratio was 1:10.  Acquisition mass range was 39-450 amu.  Relative percentages 
were calculated from TIC automatically by the computerized integrator.   

Identification of the oils components were carried out by a comparison of their relative 
retention times to those of authentic samples or by a comparison of their Kovats’ retention indexes 
(KI) relative to the series of C8-C29 n-hydrocarbons.  Computer matching against commercial (NIST 
98, MassFinder4, and AromaOffice) and homemade library mass spectra made of pure substances and 
components of known oils and MS literature data was also used for identification.   
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2.3  Gas Chromatography-Mass Spectrometry-Olfactometry (GC-MS/O)   

             GC-MS/O was carried out using a Hewlett-Packard 6890/ Hewlett-Packard 5973-Olfactory 
Detection Port 2.  GC condition was equipped on a capillary column (HP-5MS 30 m × 0.25 mm, film 
thickness 0.25 µm).  The column temperature was programmed from 40-260˚C at a rate of 4˚C /min 
and held at 260˚C for 5min.  The injector and detector temperatures were 270 and 280˚C, respectively.  
The flow rate of the carrier gas (He) was 1.8 mL/min.  The detector interface temperature was set at 
280˚C with the actual temperature in the MS source reaching approximately 230˚C and the ionization 
voltage 70 eV.  Split ratio was 1:10.  Acquisition mass range was 39-450 amu.  The Chemstation 
software acquired two channel signals simultaneously, one channel for MS, and other channel from 
the olfactometer signal board.  A signal sniffer, the author, recorded the aroma character manually. 

 

2.4  Aroma Extract Dilution Analysis (AEDA) 

The flavor dilution (FD)-factor of the odorants in the essential oil was determined by aroma 
extract dilution analysis (AEDA) of the following dilution series [11, 12].  The highest dilution was 
defined as FD-factor 1 (7.0 mg/ml).  The oil was stepwise diluted (1+1, v/v) by addition of diethyl 
ether. Aliquots were then analyzed by GC-MS/O on the capillary column HP-5MS.  The highest 
dilution at which an individual component could be detected was defined as the FD-factor for that 
odorant. 

 

3.  Results and Discussion   

The essential oils collected by steam distillation from flowers, leaves and stems of W. 

brachybotrys were obtained in 0.0187, 0.0057, and 0.0037% yields (w/w), respectively.  Gas 
chromatograms of these oils showed the presence of 80 compounds (Table 1).  As a result, 68 
compounds from flowers, 30 compounds from leaves, and 28 compounds from stems of W. 

brachybotrys accounting for 96.3, 97.3, and 98.7% were identified, respectively. The classification of 
these oils on the basis of structure type is summarized in Table 2.  Distinct differences in the 
qualitative and quantitative from these oils were observed. 

The essential oil from flowers of W. brachybotrys contained nine monoterpenes, four 
sesquiterpenes, two diterpenes, 12 aliphatic compounds, four aromatic compounds, and three 
miscellaneous compounds.  The major constituents were benzyl cyanide (31.7%), palmitic acid 

(8.7%), (Z)-γ-bisabolene (8.4%), nonanal (7.5%), and geraniol (3.0%).  A benzyl cyanide was detected 
from chemical composition of Wisteria species for the first time. 

The essential oil from leaves contained seven monoterpenes, a sesquiterpene, a diterpene, 24 
aliphatic compounds, and an aromatic compound.  The major constituents were phytol (46.0%), 
palmitic acid (8.2%), nonanal (5.7%), geraniol (5.5%), and linalool (5.0%).  

The essential oil from stems contained eight monoterpenes, a sesquiterpene, 24 aliphatic 
compounds, and a miscellaneous compound.  It was determined to be rich in monoterpenes.  The 

major constituents were geraniol (32.8%), linalool (22.1%), nerol (10.4%), 1-octen-3-ol (9.3%) and α-
terpineol (3.0%).  A comparison of the composition, except for phytol, of leaves and stems oils 
showed similar. 

In the AEDA of these oils, FD factors were based on the AEDA evaluations of one panelist, 
because the responses of all three panelists were very similar: the differences in FD factors were not 
greater than 2 between the panelists.        
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Aroma-active compounds detected in these oils and their aroma properties given in Table 3.  
3-(Methylthio)-propanal and linalool were the most intense aroma-active compounds in flowers oils, 
with FD factors of 32.  (3Z)-Hexenal and nonanal were identified as key compounds contributing to 
the aroma of leaves oils, with relatively high FD factors of 32 and 16, respectively.    The FD factoes 
of (3Z)-hexenal, nonanal, linalool, and geraniol were high, 16, in stems oils. 

In conclusion, the major components of essential oil from flowers of W. brachybotrys were 

benzyl cyanide (31.7%), palmitic acid (8.7%) and (Z)-γ-bisabolene (7.6%), from leaves oil were 
phytol (46.0%), palmitic acid (8.2%), and nonanal (5.7%), from stems oil were geraniol (32.8%), 
linalool (22.1%), and nerol (10.4%).  The characteristics compound, benzyl cyanide, was contained 
only in the oil from flower part.  In addition, the impotant odor-active compounds in essential oils 
from flowers, leaves, and stems of W. brachybotrys were identified by GC-MS/O and AEDA.  
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