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Recent advances in flavour chemistry have been greatly dependent on the de- 
velopment of glass capillary gas chromatography (GC) and GC-mass spectrometry 
(MS). The minor components of citrus essential oil have also been isolated and iden- 
tified by glass capillary GP4. 

Yuzu, Citrusjunus Sieb. ex Tanaka, is a sort of sour orange. The fruit and its 
juice are used as a vinegar and seasoning in some parts of western Japan because of 
the pleasant ffavour. The constituents of cold-pressed Yuzu oil have already been 
investigated using stainless-steel capillary GCS and packed column GC6. However, 
the flavour components in Yuzu juice have not yet been reported. 

This paper describes the identification of oil components recovered with n- 
pentane from commercial Yuzu juice produced by a belt-press juice extractor, using 
wall-coated open tubular (WCOT) glass capillary GC and GC-MS. 

EXPERIMENTAL 

Materials 
Yuzu fruits, harvested at Kouchi prefecture in the autumn of 198 1, were used. 

The Yuzu juice was extracted by a belt-press juice extractor (Yamaoka Tetsukoh) 
from 40 kg of Yuzu. 

Recovery of oil from the juice 
Yuzu oil in the juice (4 kg) was extracted three times with n-pentane (total 

2400 ml). The combined n-pentane extract was concentrated in vacua to remove the 
solvent. 

Silica gel column chromatography 
The n-pentane extract was fractionated in terpene hydrocarbons and oxygen- 

containing compounds by silica gel (Merck) column (25 x 2.5 cm I.D.) chromato- 
graphy using n-hexane and diethyl ether as the eluents, respectively. 
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Fig. 1. Gas chromatogram of an n-pentane extract of Yuxu juice. A WCOT glass capillary column (25 m 
x 0.25 mm I.D.) and flame ionization detector were used. The column oven.temperature was programmed 
from 50°C to 19o’C (4”C/min). Other operating conditions are in the Experimental section and peak 
identities are given in Table I. 

GC and GC-MS 
Analytical GC was performed on a Hitachi Model 163 chromatograph 

equipped with a flame ionization detector. A WCOT glass capillary column (25 m 
x 0.25 mm I.D.) coated with Carbowax 20M was used. The temperatures of both 
detector and -injection port were maintained at 250°C. The column oven temperature 
was programmed from 50°C to 190°C at a rate of 4”C/min, then held at 190°C for 
20 min. Nitrogen carrier gas was used at a flow-rate of 1.0 ml/mm with a splitting 
ratio of 1:80. Peak areas were integrated by a Chromato-pack C-RIB (Shimadzu). 

GC-MS analysis was carried out on a Hitachi Model M-80A mass spectrom- 
eter combined with a Hitachi Model 063 gas chromatograph, under similar condi- 
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Fig. 2. Gas chromatogram of the hydrocarbon fraction of an n-pentane extract of Yuxu juice. See Fig. 1 
for GC conditions. 
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Fig. 3. Gas chromatogram of the oxygen-containing compound fraction in an n-pen&me extract of Yuzu 
j&e. See Fig. 1 for Ck conditions. _- 

- _ 

tions to the GC analysis. Other operating parameters were as 
helium; ionizing voltage 20 eV; ion source temperature, 200°C. 

RESULTS AND DISCUSSION 

follows: carrier gas, 

The yield of n-pentane extract (recovered oil) was 0.26% of the weight of Yuzu 
juice used, The proportions of the terpene hydrocarbon fraction and oxygenated 
compound fraction were 94.7% and 6.3%, respectively. 

A gas chromatogram of an n-pentane extract of Yuzu juice is shown in Fig. 
1. Gas chromatograms of the hydrocarbon fraction and the oxygen-containing com- 
pound fraction are also given in Fig. 2 and Fig. 3 respectively. 

The presence of 50 peaks was demonstrated in the n-pen&me extract of Yuzu 
juice. Thirty-three of these peaks were identified by comparing and matching the 
mass spectra and GC retention times, and three peaks were identified by the mass 
spectra only. Of these, 11 compounds including one terpene hydrocarbon, one oxide, 
4 alcohols and 5 esters were newly identified from Yuzu fruit in the present study. 

Table I lists the compounds identified in the n-pentane extract of Yuzu juice. 
The peak area percentages were estimated by GC analysis of the n-pentane extract 
and the two chromatographic fractions. Peak numbers on the left-hand side show 
the elution order on the 25-m Carbowax 20M column (Fig. 1). 

The largest fraction of the n-pentane extract consisted of terpene hydrocarbons 
of which limonene (77.10%), y-terpinene (10.80%) and myrcene (2.35%) were present 
in the greatest quantities. The percentages of these terpene hydrocarbons were similar 
to those already reported 5*6. The percentage of linalool was also similar to that ob- 
tained by Shinoda et al. 5, although less than that reported by Kusunose and Sawa- 
mura6. 

It is interesting that the percentages of a-terpineol and terpinen-lt-ol were much 
greater than those mentioned in previous papers 5,6. However, these alcohols were 
derived from larger quantities of terpene hydrocarbons present, especially a-pinene, 
p-pinene and limonene. Shimoda and Osajima’ revealed that a-terpineol was formed 
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TABLE I 

COMPOUNDS IDENTIFIED IN THE OIL EXTRACTED FROM YUZU JUICE 
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Peak Component Peak area Evidence Refs. 
NO. (%) 

GC GC-MS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 
23 
24 
26 
27 
28 
29 
31 
36 
38 
39 
42 
46 
48 
49 
50 

cc-Pinene 0.30 
fi-Pinene 0.28 
Myrcene 2.35 
1,4-Cineole* 0.02 
a-Terpinene* 0.59 
Limonene 77.10 
1,8-Cineole 0.01 
y-Terpinene 10.80 
p-Cymene 0.47 
Terpinolene 0.62 
Nonanal 0.01 
Citronella1 0.01 
Decanal 0.01 
Gctyl acetate* 0.02 
Linalool 0.74 
p-Menth-2-en-l-01* 0.04 
Fenchol* 
Terpinen-4-ol 
Caryophyllene 
/3-Terpineol 
Gcimenol* 
/%Farnescence 
jf-Terpineol 
Carvone 
Citronellol 
Geranyl acetate 
Nero1 
Geraniol 
T-Cardinol 
a-Eudesmol* 
/3-Eudesmol 
Thymol 
Ethyl palm&ate* 
Ethyl oleate* 
Ethyl linolate* 
Ethyl linolenate* 

0.06 
0.69 
0.25 
0.03 
0.01 
0.74 
1.80 
0.20 
0.25 
0.18 
0.02 
0.05 
0.13 
0.03 
0.02 
0.29 
0.16 
0.08 
0.23 
0.17 
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l Newly identified. 

mainly from /?-pinene and terpinen-4-01 from limonene by a nucleophilic substitution 
reaction (hydration) in stored Satsuma mandarin juice. This a-terpineol had already 
been proposed as an indicator of the storage history for orange juices. 

In addition, it was reported that limonene is converted into 1,4- and 1,8-cin- 
eolesQ. The aromatic compound p-cymene is a well-known product from y-terpinene 
during deterioration of citrus oillo. 

Esters such as ethyl palmitate, ethyl oleate, ethyl linolate and ethyl linolenate 
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were identified for the first time in Yuzu juice, suggesting that these were probably 
formed by condensation of fatty acids and alcohols in the juice. 

Many lower-boiling oxygen-containing compounds in Table I were believed to 
contribute to the flavour of Yuzu juice because of their low threshold and their 
olfactory characteristics, especially the aldehydes (nonanal, citronella1 and decanal), 
oxides (1,4- and 1,8-cineoles) and alcohols (citronellol, nerol and thymol, etc.). 
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