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Some local cultivars and wilds of Iwateyamanashi (Pyrus ussuriensis var. aromatica) that grows wild in

Northern Tohoku, Japan have good aromatic fruit. Iwateyamanashi may be valuable germplasms as a donor

of odor compounds in breeding of Japanese pear (Pyrus pyrifolia), because almost all Japanese pear cultivars

have faint odor. Fruits odors from a local cultivar ‘Sanenashi’, a wild accession (i0830) in Iwateyamanashi,

cultivars of ‘Kosui’ and ‘La France’ were characterized at first with comparative Aroma Extract Dilution

Analysis (AEDA). Application of AEDA, based on Gas chromatography/Olfactometry analysis (GC/O), on

the odor concentration prepared from ‘Sanenashi’ indicated the presence of 33 odor-active compounds in-

cluding methyl and ethyl esters, aldehydes and alcohol. The eleven odor compounds from 16 accessions of

Iwateyamanashi showed various combinations and wide range of odor concentrations by Principal Compo-

nent Analysis (PCA). Especially 2 accessions of local cultivar ‘Natsunashi’ plotted in the highly ethyl ester

group might be useful for Japanese pear breeding.
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Introduction

Fruit odor and texture are important factors for fruit quality

and consumer satisfaction in European pear cultivars. Typi-

cal European pear has a buttery juicy texture with rich odor

(Rapparini and Predieri 2003). However modern Japanese

pear cultivars have only faint odor compare to European

pear cultivars. Even though the production of European pear

(P. communis L.) cultivar ‘La France’ has been increasing in

Japan, it is still less than 9% of the total pear production in

Japan (Statistical Yearbook of Ministry of Agriculture,

Forestry and Fisheries, Japan 2011, http://www.maff.go.jp/

e/tokei/kikaku/nenji_e/85nenji/index.html). Rich odor with

‘European pear’ might promote its consumption in Japan.

One of Japanese cultivar ‘Kaori’ (Hiratsuka No. 16) derived

from the cross between ‘Shinko’ × ‘Kosui’ has exceptionally

fruity odor flesh. The production of ‘Kaori’ has been gradu-

ally increasing in Japan (Kotobuki 2000). Japanese pear

breeding with rich fruit odor might stimulate new demands

in both the production and consumption of Japanese pear

cultivar.

We reported recently, by means of morphological and

molecular analyses, that Iwateyamanashi (P. ussuriensis var.

aromatica, syn. of Michinokunashi) is endemic in Northern

Tohoku, Japan (Iketani et al. 2010, Iketani and Katayama

2012, Katayama and Uematsu 2006, Katayama et al. 2007).

As indicated by its Latin name, ‘aromatica’, good odor is an

obvious characteristic of Iwateyamanashi fruit (Nakai

1919). Wide aromatic diversity of some wild accessions and

local cultivars of Iwateyamanashi was revealed by sensory

evaluation from the Iwateyamanashi germplasm collections

at Kobe University (Matsumura et al. 2011). Different

apple-like, European pear-like and apricot-like or sweet

and fruity odors were recognized in some accessions in

Iwateyamanashi. It is considered that Iwateyamanashi is a

valuable genetic resource as donor of odors for Japanese pear

breeding. Local cultivars, e.g. ‘Sanenashi’, ‘Sotoorihime’,

‘Kinkoji’ and ‘Natsunashi’ are considered to have originated

from Iwateyamanashi, but these are not cultivated or utilized

at all now (Asami 1921, Kajiura and Sato 1990, Katayama

and Uematsu 2006, Kikuchi 1946). ‘Sanenashi’ was fa-

voured by people from the Edo era (1600–1867) because of

its good odor, taste and small seedless core, it was widely

propagated by grafting (Katayama et al. 2007). ‘Natsunashi,’

called ‘summer pear’, with a strong, sweet odor and high

acidity was also characterized as one of the earliest ripening

pears in Japan (Matsumura et al. 2011).

The odor compounds of pear have been reported to con-

sist of over 300 components including hydrocarbons, alde-

hydes, alcohols, esters, ketones and sulphur compounds

(Suwanagul and Richardson 1998). However, studies in-

volving the odor compounds of pear are still relatively few
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compared to those concerned with apple, strawberry, peach

and banana (Morton and Macleod 1990). The odor com-

pounds of European pear have been studied extensively

(Rapparini and Predieri 2003). In some European pears, bu-

tyl acetate and hexyl acetate are the major acetate esters

(Rapparini and Predieri 2002, Shiota 1990), while acetate

esters are minor components in Asian pear cultivars such as

‘Ya li’, ‘Choujuurou’, ‘Hosui’, ‘Kosui’ and ‘Shinko’

(Horvat et al. 1992). Horvat et al. (1992) described the di-

versity of the relative amounts of individual compounds

from 5 Asian pear cultivars. Imayoshi et al. (1995) reported

ethyl acetate, ethyl butanoate and ethyl hexanoate as the ma-

jor esters emitted by the Chinese white pear ‘Ya li’, which

produced an ester profile quite different from that of Europe-

an pears (Shiota 1990, Suwanagul and Richardson 1998).

Acetate esters such as butyl acetate and hexyl acetate were

detected as dominant components in Chinese sand and

xinjiang pear cultivars ‘Seuri’ and ‘Kuerle fragrant pear’

(Chen et al. 2006, Takeoka et al. 1992). Aldehydes such as

hexanal and trans-2-hexanal, α-farnesene, esters such as ethyl

butyrate and ethyl hexanoate are important components of

characteristic fruit odors in 7 Japanese pear cultivars (Horvat

et al. 1992, Yamamoto 1997). Despite the existence of

ussrian pear cultivars with good odor fruit, such as ‘Nanguo

li’ in China, there has not been an intensive study of odor-

active compounds in ussurian pear and even less study on

Iwateyamanashi in Japan.

To characterize the odors of fruit from Iwateyamanashi

collected from the Northern part of Japan, odor concentra-

tions were extracted and subjected to gas chromatography-

mass spectrometry (GC-MS) analysis in this study. Odor-

active compounds were identified by Gas chromatography/

Olfactometry analysis (GC/O) and evaluated using the Aro-

ma Extract Dilution Analysis (AEDA) and sensory evalua-

tion methods. In AEDA, serial dilutions of a odor extract are

evaluated by GC/O to provide a flavor dilution (FD) factor,

the highest dilution at which an odor-active compound could

be detected. The FD factor reflects odor value (concentra-

tion/odor threshold) for an odor-active compound, which

may then be applied to compare relative odor intensities with

other odor-active compounds. A wide range of odor-active

compounds from Iwateyamanashi were defined by PCA.

Materials and Methods

Plant materials

An aromatic local cultivar ‘Sanenashi’, (i0147) a wild ac-

cession (i0830) of Iwateyamanashi originating from Noth-

ern Tohoku, Japan, a European pear cultivar ‘La France’ and

a Japanese pear cultivar ‘Kosui’ were used to GC/O and

AEDA analyses in this study (Fig. 1). For PCA, all Iwate-

yamanashi trees without ‘Sanenashi’ were maintained by top

grafting at genebank of wild pear in Food Resources Re-

search and Education Center, Kobe University (Fig. 1 and

Table 1). Fruit of ‘Sanenashi’ (i0147) was sampled from na-

tive tree in Iwate in Japan. Fourteen local cultivars and 2

wild accessions of Iwateyamanashi, 5 cultivars of Japanese

pear, a Chinese white pear cultivar, an European pear culti-

var and an apple were used.

Preparation of odor concentrations

Fruit samples were harvested at full maturity. Iodine

staining of starch has been used to judge maturity of fruit

used in this study. For AEDA, two thousand grams of fruit

without core and peduncle were homogenized with a blend-

er. Three hundred grams of calcium chloride and 1 L of dis-

tilled water were added to inhibit enzyme activity before

blending (Buttery et al. 1987). The suspension was centri-

fuged at 15000 rpm for 10 min at 4°C. The supernatant was

passed through a glass column (20 mm × 300 mm) packed

with 9 g of Tenax TA. The odor components in the superna-

tant absorbed by Tenax TA were desorbed slowly with puri-

fied diethyl ether (200 ml). The ether eluents containing

butyl benzene as an internal standard were dehydrated with

Na2SO4 overnight and concentrated in a water bath at 40°C.

For PCA, odor concentrations from 24 accessions were pre-

pared with same procedures at one-tenth scale of AEDA.

Identification of odor compounds by GC/MS

GC/MS analyses were carried out using a GC-2010

(Shimadzu, Japan) gas chromatograph coupled to a mass

spectrometer (QP-2010, Shimadzu, Japan).

Gas chromatography was carried out using a Shimadzu

GC-2010 gas chromatograph fitted with a fused silica capil-

lary column DB-WAX; (60 m in length, 0.25 mm i.d. and

0.25 μm film thickness; J & W Scientific, USA). Helium at

a flow rate of 0.8 ml/min was used as the carrier gas. The

oven temperature was programmed from 40 to 200°C at the

rate of 3°C/min. The temperature of the injection port was

maintained at 210°C. Electron ionization mass spectra were

obtained at an ionization voltage of 70 eV and a source tem-

perature of 240°C. The MS compound peaks for each mate-

rial were then integrated using Shimadzu GC/MS solutions

software (version 2.21, Shimadzu, Japan). Volatile com-

pounds were tentatively identified using computerized mass

spectroscopic libraries (Wiley version 7 database) and the

Kovats index (KI). In order to determine the KI of the com-

pounds, a mixture of n-alkanes (C6-C21) was used (Kovats

1965). Further identification was based on comparison of

mass spectra and retention times between the compounds

detected and authentic compounds analyzed under the same

conditions.

GC-O and AEDA

GC/O analyses were performed using a GC-17A

(Shimadzu, Japan) gas chromatograph fitted with a fused sil-

ica capillary column DB-WAX equipped with Flame Ioniza-

tion Detection (FID). GC/O analyses were carried out under

the same conditions as the GC-MS analyses. GC/O involves

the effluent being split into equal parts at the end of the col-

umn, each part being respectively conveyed to FID and a

sniffing port. The peak areas were calculated using a
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Shimadzu Chromatopack C-R7A integrator. To quantify the

odor-active compounds, standard curves for odor-active

compounds were established using authentic 3 standards

such as ethyl butanoate, trans-2-hexanal and ethyl hexanoate

(i.e., 5 concentrations for 3 compounds). Mean recovery

concentration and rate of standard chemicals concentrated

by Tanax TA column extraction were measured. The accura-

cy of the standard curves was high as indicated by linear cor-

relation coefficient (r), which ranged from 0.9955 to 1.0000.

20% butyl benzene (0.81 ppm) was spiked as the internal

standard in each sample. The concentrations of each odor

compound were calculated based on the ratio of peak areas

to the internal standard as follows:

All experiments were performed twice, in duplicate for ac-

cessions.

Serial dilutions of the fruit odor concentrate with diethyl

ether were assessed by GC/O, and FD factors of the odor-

active compounds in pears were determined by AEDA. Data

of GC/O by two panelists were used for AEDA. Two panel-

ists evaluated odor description and flavour dilution factor for

each peak of gas chromatograph. The odor concentrate was

diluted sequentially at 1 : 1 ratio. Each dilution was analyzed

until the odor could no longer be detected. FD factors were

calculated based on the last dilution.

Principal component analysis

Eleven compounds were detected with GC and were ten-

tatively identified by comparing retention indexes with those

of internal standards and KI data. To confirm the GC data,

23 pears were tested twice. The concentrations of the 11

compounds were calculated by comparing the peak area ra-

tio of each internal standard to the compound among 24 ac-

cessions (Table 3). Calculation of Principal Component

Analysis (PCA) was performed with JMP software (Version

8.0, SAS Institute Inc.).

Results

Identification of odor-active compounds

Odor descriptions from sensory analysis were fresh and

fruity for ‘Sanenashi’, sweet and fresh for i0830, sweet for

Conc (ppm) =
peak area of the each compound

× conc. of IS (0.81 ppm)
peak area of the IS

Fig. 1. Fourteen local cultivars and 2 wild accessions of Iwateyamanashi used in this study. a. ‘Natsunashi’ (i0009), b. ‘Sanenashi’ (i0147),

c. ‘Jinashi’ (i0187), d. i0218, e. ‘Hanbeinashi’ (i0471), f. i0605, g. i0830, h. i0868, i. i0959, j. i0981, k. i0193, l. ‘Wayamanashi’ (i1104), m. i1003,

n. i1115, o. ‘Natsunashi’ (i1302) and p. ‘Natsunashi’ (i1701).
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‘Kosui’ and fruity for ‘La France’. The yields of odor con-

centrates from 2000 g fruit were 72.4 mg from ‘Sanenashi’,

61.3 mg from i0830, 27.5 mg from ‘Kosui’ and 45.8 mg

from ‘La France’. The yields of odor concentrates from

‘Sanenashi’ and i0830 were higher than those of ‘Kosui’ and

‘La France’. The number of odors detected with GC/O was

116, 112, 68 and 58 compounds in ‘Sanenashi’, i0830,

‘Kosui’ and ‘La France’, respectively. The number of odor

compounds in ‘Sanenashi’ and i0830 was almost twice that

in ‘Kosui’ and ‘La France’. Twenty-two, 29, 9 and 15 odor

compounds represented with GC/O in the concentrates of

‘Sanenashi’, i0830 ‘Kosui’ and ‘La France’, respectively,

was identified by GC/MS. The KI, odor descriptions and FD

factors by AEDA of the odor compounds in ‘Sanenashi’ and

i0830 of Iwateyamanashi, ‘Kosui’ and ‘La France’ are

shown in Table 2. The number of odor-active compounds

exhibiting a high FD factor (FD ≥32) in ‘Sanenashi’, i0830

and ‘La France’ (18, 20 and 19 odors) was about three times

higher than that of ‘Kosui’ (6 odors). In ‘Sanenashi’, an un-

known compound with the odor descriptions of medicinal,

floral and green had the highest FD factor (8192) at a KI of

2170 (Table 2). Nine odor-active compounds were identified

in the odor concentrations of ‘Sanenashi’ in the range KI

943–1234 (FD ≥32). These were ethyl 2-methylpropanoate

(fresh and apple-like), methyl 2-methylbutanoate (fruity,

fresh and apple-like), ethyl butanoate (fruity and sweet),

ethyl 2-methylbutanoate (fresh, fruity and pineapple-like),

hexanal (green), ethyl pentanoate (fruity), cis 3-hexenal

(green), trans 2-hexanal (fresh and green) and ethyl hexa-

noate (fruity and sweet). The other 9 odor-active com-

pounds in ‘Sanenashi’, cis 3-hexenol (green and cucumber-

like), 2-phenylethanol (rose-like) and 7 unknown com-

pounds (FD ≥32), were detected in the range KI 1300–2170

(Table 2). In i0830, twenty odor-active compounds in the FD

factor range of 32–4096 were detected. An unknown odor-

active compound exhibited the highest FD (4096). This was

also the highest FD (8192) in ‘Sanenashi’ at KI 2170. Six

odor-active compounds were detected in the range KI 1033–

1300 (FD ≥32): ethyl butanoate (fruity and sweet), ethyl 2-

methylbutanoate (fresh, fruity and pineapple-like), cis 3-

hexenal (green), trans 2-hexanal (fresh and green), hexyl

acetate (fruity) and a unknown compound (citrus-like). Six

odor-active compounds were found in the range KI 1307–

1527 (FD ≥32): acetic acid (sour), 3-(methylthio)-1-propanal

(potato-like) and 4 unknown compounds. Eight odor-active

compounds, 2-phenylethanol (rose-like) and 7 unknown

compounds (barley-like, alcohol, citrus-like, apricot-likes,

medicinal, floral, green, fruity and metallic), were detected

in the range KI 1820–2175. There were more odor-active

compounds detected in i0830 than in ‘Sanenashi’ (Table 2).

Table 1. Plant materials used in this study

Accession name Species Location Category of Individuals Harvest date

Natsunashi i0009a Pyrus ussuriensis var. aromatica Kunohe, Iwate, Japan Local 17 July 2007

Natsunashi i1302a ” Kuji, Iwate, Japan Local 30 July 2007

Natsunashi i1701a ” Ninohe, Iwate, Japan Local 24 July 2007

Sanenashi i0147b ” Iwaizumi, Iwate, Japan Local 30 Oct. 2007

Jinashi i0187a ” Hanamaki, Iwate, Japan Local 27 Aug. 2007

i0193a ” Shizukuishi, Iwate, Japan Local 27 Aug. 2007

i0218a ” Ichinoseki, Iwate, Japan Local 26 Oct. 2007

Hanbeinashi i0471a ” Yuda, Iwate, Japan Local 8 Sept. 2007

i0605a ” Kawai, Iwate, Japan Wildc 16 Sept. 2007

i0830a ” Morioka, Iwate, Japan Wildc 16 Sept. 2007

i0868a ” Kuji, Iwate, Japan Local 22 Aug. 2007

i0959a ” Hachinohe, Aomori, Japan Local 11 Aug. 2007

i0981a ” Hachinohe, Aomori, Japan Local 19 Aug. 2007

i1003a ” Kosaka Akita, Japan Local 1 Oct. 2007

Wayamanashi i1104a ” Tono, Iwate, Japan Local 15 Aug. 2007

i1115a ” Kuzumaki, Iwate, Japan Local 17 Sept. 2007

Kosuia P. pyrifolia (Burm.) Nak. Japan Cultivar 26 Aug. 2007

Nijisseikia ” ” Cultivar 11 Sept. 2007

Niitakaa ” ” Cultivar 10 Oct. 2007

Yakumod ” ” Cultivar 16 Sept. 2007

Kaoria ” ” Cultivar 1 Nov. 2007

Ya lia P. bretschneideri Rehd. China Cultivar 15 Nov. 2007

La Francea P. communis L. France Cultivar 10 Nov. 2007

Fujid Malus × domestica Borkh. Japan Cultivar 15 Nov. 2007

a Materials maintained at FRC-KU, Food Resources Education and Research Center, Kobe University.
b Wild grown materials harvested at Iwate.
c Refer to Iketani et al. (2010), Iketani and Katayama (2012) for more information on two wild accessions.
d Fruit samples were purchased from the market.
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Six and 19 odor-active compounds in the FD range of 32–

256 were detected in ‘Kosui’ and ‘La France’ respectively

(Table 2). Six odor-active compounds, ethyl butanoate, ethyl

2-methylbutanoate, 3- methylthio propanal (potato-like) and

three unknown compounds (banana-like, fruity and medici-

nal) were found in the range KI 1033–2170 in ‘Kosui’. The

FD factor of an unknown compound at KI 1590 was espe-

cially high in ‘Kosui’ (green banana-like and sweet). In ‘La

France’, ten odor-active compounds were detected in the

range KI 1065–1736: butyl acetate (fruity), hexanal (green),

pentyl acetate (fruity), trans 2-hexanal (fresh and green),

hexyl acetate (fruity), acetic acid (sour), 3-(methylthio)-

propanal (potato-like) and 3 unknown compounds (banana-

like, citrus-like and sweet). Twelve unknown compounds

(barley, citrus, European pear-like, vanilla-likes, metallic,

fruity, medicinal, floral and green) were detected in the

range KI 1820–2560. Acetate esters such as butyl acetate,

pentyl acetate and hexyl acetate were found to be the major

odor-active components of ‘La France’ in this study.

Comparison of FD factors among 4 pears

Ethyl esters (ethyl butanoate and ethyl 2-methylbutanoate)

Table 2. The comparison of FD factors for odor-active compounds (FD factor ≥32) among four pears

No. KIa Compound Odor descriptionc
FD factor

‘Sanenashi’ i0830 ‘Kosui’ ‘La France’

1 943 Ethyl 2-methylpropanoate fresh, apple-like 32 16 1

2 1008 Methyl 2-methylbutanoate fruity, fresh, apple-like 32 1 1

3 1033 Ethyl butanoate fruity, sweet 256 32 64

4 1047 Ethyl 2-methylbutanoate fresh, fruity, pineapple-like 512 512 256 1

5 1065 Butyl acetate fruity 8 32

6 1072 Hexanal green 512 8 16 64

7 1127 Ethyl pentanoate fruity 32 4 4

8 1130 Cis-3-hexenalb green 2048 32 16 2

9 1170 Pentyl acetate fruity 1 1 32

10 1212 Trans-2-hexenal fresh, green 256 64 32

11 1234 Ethyl hexanoate fruity, sweet 128 1 4

12 1273 Hexyl acetate fruity 2 32 32

13 1296 citrus-like 2 64 16 16

14 1300 metallic 32 1 8

15 1307 apple-like, fresh 32

16 1350 floral 2 32

17 1371 burnt metal-like 128 1 2

18 1383 Cis-3-hexenolb green, cucumber-like 128 1 1

19 1439 Acetic acidb sour 8 32 8 32

20 1462 3-(methylthio)-1-propanalb potato-like 8 32 128 64

21 1485 lemony 32 1

22 1527 fruity, apple-like 32 4 2

23 1590 green banana-like, sweet 8 1 256 32

24 1629 citrus-like, unpleasant 32 4 256

25 1736 sweet 32

26 1755 fruity, banana-like 1 32

27 1820 barley-like 32 32 1 32

28 1830 tea-like, alcohol-like 1024 32 1 4

29 1925 2-phenylethanol rose-like 64 128 1

30 1930 citrus-like, green 2 64 32

31 1977 European pear-like 8 32

32 1993 metallic 1 64 32

33 2010 fruity, fresh 1 1 32

34 2160 Japanese apricot-like, fruity 512 64 8 1

35 2170 medicinal, floral, green 8192 4096 64 64

36 2175 fruity 2 32

37 2225 medicinal 1 32

38 2260 fresh cream-like, vanilla-like 1 1 32

39 2560 vanilla-like 8 8 8 32

a KI means Kovats Index calculated for the DB-Wax capillary column (60 m × 0.25 mm i.d.).
b Tentatively identified.
c Odor descriptions obtained from GC/O.
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which contribute to sweet, apple-like, fruity odors were de-

tected at high FD factors in ‘Sanenashi’, i0830 and ‘Kosui’.

Hexyl acetate (fruity), acetic acid (sour), 3-(methylthio)-1-

propanal (potato-like) and 8 unknown compounds (FD ≥32)

at KI 1296, 1307, 1350, 1485, 1527, 1930, 1993 and 2175

were detected at high FD factors in i0830, but at a lower

level in ‘Sanenashi’. The FD factors of 2-phenylethanol

(rose-like) and 2 unknown compounds (tea-like, alcohol,

apricot-like and fruity) at KI 1830 and 2160 were particu-

larly high in both ‘Sanenashi’ and i0830. In a comparison

between the FD factors of ‘Sanenashi’ and i0830, 16 odors

(ethyl 2-methylpropanoate, methyl-2-methylbutanoate, ethyl

butanoate, butyl acetate, hexanal, ethyl pentanoate, cis-3-

hexanal, trans-2-hexenal, ethyl hexanoate, cis-3-hexanol

and 6 unknown compounds at KI 1300, 1371, 1629, 1830,

2160 and 2170) were higher in ‘Sanenashi’ than in i0830.

The FD factors of ethyl esters such as ethyl butanoate, ethyl

hexanoate and aldehydes such as hexanal, cis-3-hexanal and

alcohol such as cis-3-hexanol were especially high in

‘Sanenashi’. Trans-2-hexanal, hexyl acetate, acetic acid, 3-

(methylthio)-1-propanal and 4 unknown compounds (KI

1820, 1930, 1993 and 2170) were detected at high FD fac-

tors (FD ≥32) in i0830 and ‘La France’.

Eleven volatile compounds from Iwateyamanashi used for

PCA

In order to demonstrate the relationships among 24 acces-

sions based on fruit odor, PCA was carried out using the

value of 11 odor-active compounds (FD ≥32), ethyl-2-

methylpropanoate, methyl 2-methylbutanoate, ethyl buta-

noate, ethyl 2-methylbutanoate, hexanal, ethyl pentanoate,

trans-2-hexanal and ethyl hexanoate from ‘Sanenashi’ and

the 3 compounds, hexyl acetate, butyl acetate and pentyl ac-

etate (FD ≥32) from i0830 and ‘La France’ estimated by

AEDA analysis, were selected for PCA (Fig. 1). Eleven

compounds were detected with GC and were tentatively

identified by comparing retention indexes with those of in-

ternal standards and KI. GC analysis was basically done for

two times for each accession. It was small as a number of

repetition but short harvest time made it difficult to increase

the repeat number because it was important to use fresh ma-

terials for analysis just after harvesting. Exceptionally some

accessions, e.g., ‘Sanenashi’ grown wild were analyzed only

one time because of their biennial bearing (Table 1). The

concentrations of the 11 compounds were calculated by

comparing the peak area ratio of each internal standard to the

compound among 24 accessions (Table 3). High concen-

trations were measured for ethyl butanoate, butyl acetate,

hexanal, trans-2-hexanal, ethyl hexanoate and hexyl acetate.

Ethyl butanoate was contained in ‘Kaori’, ‘Ya li’, i0009,

i1701, ‘Sanenashi’, i0193, i0605, i0868 and i1003 at high

concentration of 1.1 to 4.2 ppm. Butyl acetate was contained

in ‘La France’ at high concentration of 30.7 ppm. Hexanal

and tans-2-hexanal were highest in i0187 at concentration of

2.2 and 2.8 ppm. Ethyl hexanoate was contained in i0009

and i0605 at high concentration of 2.7 and 3.1 ppm. Hexyl

acetate was highest in ‘La France’ at concentration of

16.8 ppm (Table 3).

In order to demonstrate the relationships between 24 ac-

cessions based on fruit odors, PCA was carried out using the

values of the 11 volatile compounds described above. About

61.8% variation was exhibited by the first and the second

components. This is shown in Fig. 2, where the 24 acces-

sions are projected on the first and second axis. Accessions

with the ethyl and methyl esters, ethyl hexanoate, ethyl-2-

methylpropanoate, ethyl butanoate and ethyl 2-

methylbutanoate are located on the right upper side. i0605,

i0868 and local cultivars ‘Natsunashi’ such as i1701 and

i0009 are on the right upper side. i1701, in particular, is on

the far right side. Ethyl pentanoate and methyl-2-

methylbutanoate are plotted on the right lower side. Local

cultivar ‘Wayamanashi’ (i1104-1) and i0193 are on the right

lower side. ‘Ya li’, ‘Kaori’ and i1302 (homonym of

‘Natsunashi’) exhibited both ethyl and methyl esters and are

in the second quadrant. In contrast, all the Japanese pear cul-

tivars, with the exception of ‘Kaori’, with aldehydes such as

hexanal and trans-2-hexenal are located on the left lower

side. i0187, i0471, i0218, i1115, i0959, i1104-2 and i981-2

of Iwateyamanashi all map to the left lower side. ‘La

France’, which has acetate esters such as pentyl, butyl and

hexyl acetates, maps to the uppermost left. The wild acces-

sion i0830, ‘Sanenashi’ of Iwateyamanashi and an apple cul-

tivar ‘Fuji’ also appear on the upper left side. i1003 and

i0605 with both acetate and ethyl esters are located in the

right upper side.

Discussion

Odor-active compounds detected from ‘Sanenashi’ and

i0830

The numbers of odor-active compounds (116 and 112)

detected by GC/O in a local cultivar ‘Sanenashi’ and a wild

accession i0830 of Iwateyamanashi were almost twice those

(68 and 58) in ‘Kosui’ and ‘La France’. ‘Sanenashi’ and

i0830 contained various active compounds. The majority of

these were C6-compounds. By comparing FD factors, C6-

aldehydes such as hexanal, cis-3-hexenal and trans-2-

hexenal and alcohol such as cis-3-hexenol are thought to be

the major odor-active compounds in ‘Sanenashi’, but are

minor components in i0830. These C6-aldehydes could

contribute to the fresh odor of ‘Sanenashi’. Furthermore, an

unknown odor-active compound (KI 2170) exhibiting the

highest FDs of 8192 for ‘Sanenashi’ and 4096 for i0830 are

thought to contribute mainly to fresh and green odor notes.

Further experiments are needed to identify unknown odor-

active compounds. Methyl 2-methylbutanoate and ethyl es-

ters such as ethyl 2-methylpropanoate, ethyl butanoate, ethyl-

2-methylbutanoate, ethyl pentanoate and ethyl hexanoate

were the major esters in ‘Sanenashi’ and i0830 in the present

study. Especially ethyl butanoate, ethyl-2-methylbutanoate

and ethyl hexanoate for ‘Sanenashi’ (FD ≥128), ethyl-2-

methylbutanoate and ethyl butanoate for i0830 (FD ≥32), in
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particular, had high FD values (Table 2). Though ethyl

hexanoate was identified in 3 Japanese pear cultivars as one

of major odor-active components (Horvat et al. 1992), the

FD value of that was found to be small in ‘Kosui’ in this

study. Fresh and fruity odors of ‘Sanenashi’ and sweet and

fresh odors of i0830 might be caused by these ethyl and

methyl esters. Butyl acetate, pentyl acetate and hexyl acetate,

identified as important odor compounds in European pears,

were detected in ‘Sanenashi’, i0830 and ‘La France’, while

acetate esters in Asian pears such as 4 Japanese pear culti-

vars, 2 Chinese sand and white pear cultivars ‘Seuri’ and

‘Ya li’ were reported as minor components in a previous

studies (Horvat et al. 1992, Imayoshi et al. 1995, Shiota

1990, Suwanagul and Richardson 1998, Takeoka et al.

1992). Hexyl acetate, in particular, exhibited a high FD

value (FD 32) in i0830 (Table 2). These acetate esters could

contribute to the fresh and fruity odors of ‘Sanenashi’ and

sweet and fresh odors of i0830. Butyl acetate and hexyl

acetate might be important odor-active compounds in

Iwateyamanashi (Tables 2, 3). 2-phenylethanol (rose-like) ap-

peared to be an important odor-active compound (KI 1925)

in ‘Sanenashi’ and i0830. Though 2-phenylethanol has been

Fig. 2. Principal component scores (A) and loading plot (B) for principal component 1 and 2.  Local cultivars and wild accessions of Iwate-

yamanashi,  Japanese pear cultivars,  ‘Kaori’,  ‘Ya li’,  ‘La France’,  ‘Fuji’ and  Eleven odor-active compounds. The dashed cir-

cles indicate two accessions of ‘Natsunashi’ and two wild accessions in Iwateyamanashi.
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found in small amounts in the European pear ‘Packham’s

Triumph’ (Chervin et al. 2000), to date, this compound has

not been detected in Japanese pears. 2-phenylethanol with a

rose-like odor profile has been described as a typical odor-

active compound in Rose (Clark 1990). The sweet and rose-

like odors of ‘Sanenashi’ and i0830 might be caused by 2-

phenylethanol. This alcohol could also be present as an

odor-active compound in Iwateyamanashi. Furthermore,

whether ‘Sanenashi’ odor can reconstitute by compounds

exhibiting high FD value (FD ≥32) with AEDA, sensory

evaluations of a model mixture of ‘Sanenashi’ were per-

formed according to Quantitative Descriptive Analysis

(QDA) described previously by Shimoda et al. (1989a,

1989b), Stone et al. (1974) and Stone and Sidel (1993).

From the result of QDA, ‘Sanenashi’ odor was reconstituted

nearly by 8 compounds such as ethyl 2-methylpropanoate,

methyl 2-methylbutanoate, ethyl butanoate, ethyl 2-

methylbutanoate, hexanal, ethyl pentanoate, trans-2-hexenal

and ethyl hexanoate (data not shown).

Variable and rich odors of Iwateyamanashi

The concentrations of the 11 odor-active compounds

varied considerably between the 16 accessions of Iwate-

yamanashi. These results reflect the wide range of genetic

diversity in Iwateyamanashi which has already been re-

vealed by morphological and molecular analyses (Katayama

and Uematsu 2006, Katayama et al. 2007, Matsumura et al.

2011). Local cultivars and wild accessions in Iwate-

yamanashi were located in all quadrants of the PCA plot.

These results are indicative of the wide range of odor diver-

sity in Iwateyamanashi. In contrast, all Japanese pear culti-

vars, with the exception of ‘Kaori’, harboring aldehydes

such as hexanal and trans-2-hexenal were grouped on the

left lower side. These results are thought to reflect the low

genetic diversity of odor compounds in Japanese pear culti-

vars. i1701 and i0009 (homonyms of ‘Natsunashi’), i0605

and i0868 which contain ethyl and methyl esters are located

on the right upper side. In particular, an early matured local

cultivar ‘Natsunashi’ (i1701 and i0009) exhibited high con-

centrations of ethyl and methyl esters in comparison with the

cultivars ‘Ya li’ and ‘Kaori’ with sweet odors. ‘Natsunashi’

might be useful as a donor of sweet strong odors for Japa-

nese pear breeding in future. i1003, located on middle upper

side, is supposed to possess well balanced odor-active com-

pounds such as ethyl, methyl and acetate esters. Two acces-

sions of i0605 locating on right upper side and i0830 on left

upper side had also high ester concentration. These two ac-

cessions were revealed to be wild Iwateyamanashi trees by

means of the populational structure analysis using SSR

markers (Iketani et al. 2010), but these were plotted on dif-

ferent quadrants in PCA. This result suggest the wide range

of odor diversity in wild Iwateyamanashi trees. Three acces-

sions such as i1003, i0605 and i0830 are also available as

donors of fragrance for pear breeding. By surveying odor-

active compounds in Iwateyamanashi, this investigation, has

revealed the presence of variable and rich odors, which mod-

ern Japanese pear cultivars lack. Iwateyamanashi represents

a valuable genetic resource as donor of odors for Japanese

pear breeding.
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