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Figure 2. SDSPACE of myrosinme purified in a single atep by 
Con A-Sepharoae affinity chromatography. Samples were tun 
in 7% gel and stained with Coomaeaie Brilliant Blue R-250. Key: 
molecular weipht standards (lane 1): myrosinase eluted with 
g l u m  (lane 2). mannose (lane 3). methyl o-wglumide (lane 4), 
methyl a-&mannoside (lane 5) .  

culated molecular weight was ca. 140000. 
The myrosinase retained by the Con A-Sepharose gel 

remained highly active toward its  substrates. This ob- 
servation can be usefully exploited for routine analyses of 
total glumxinolate content in crude extracta of cruciferous 
materials hy determining the g l u m  concentration before 
and after the myrosinase-catalyzed hydrolysis of glucosi- 
nolates at room temperature and in a few minutes. 

In conclusion. the procedure described here allows the 
preparation of hundreds of milligrams of pure myrosinase 
from aqueous crude extract of white mustard seeds in a 
few days. In view of the simple isolation procedure and 
the high yields, myrosinase isolated by this method can 
be used without further purification for glucosinolate 

1909. 34. 140-1U 

analyses, particularly by the above-described polarographic 
technique (Iori et al., 1983). In addition, such high yields 
should allow a detailed structural characterization of the 
protein, improving our knowledge of chemical and bio- 
logical properties of myrosinase. 
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Volatile Components of Salted and Pickled Prunes (Prunus mume Sieb. 
et Zucc.) 

Chu-Chin Chen,’ May-Chien Kuo, Su-Er Liu, and Chung-May Wu 

Volatile components of salted and pickled prunes (PrunF mume Sieb. et Zucc.) were obtained by 
extraction and steam distillation of the prunes a t  pH 2.5 and 7.0. The volatile components were analymd 
by capillary gas chromatography (GC) and identified by combined gas hmatogmphy-maea Spectmmetry 
(GC-MS). There were 181 compounds detected by CC analyses, 92 compounds identified by GC-MS 
analyses, and some tentatively identified isomers of naphthalene and benzene derivatives. Aromatic 
compounds, monoterpenes, monoterpene alcohols, acids, and some aliphatic aldehydes and alcohols were 
the major components extracted a t  pH 2.5 of the salted and pickled prunes. The amount of most 
components extracted a t  pH 7.0 was less than those extracted at pH 2.5. Components that could be 
present in the salted and pickled prunes as glycosides were benzyl alcohol, Zphenylethanol, monoterpene 
alcohols, linalool oxides and the tentatively identified isomers of (trimethylphenyl)but-3-en-2-one and 
a decahydronaphthol-like compound. 

INTRODUCTION 
The fruit of h n u  mume Si&. et zucc. is odginally 

grown in the central and southern regions of China and 

Food Industry h a r c h  and Development Institute 
(FIRDI), Hsinchu, Taiwan, Republic of China (M.-C.K., 
S.-E.L., C.-M.W.), and Department of Food Science, Cook 
college, Rutgers, The State University of New Jersey, New 
Brunswick, New Jersey 08903 (C.-C.C.). 

is harvested in the late spring. The average weight of a 
fruit is about 9-14 g. The fruit is used to make wines, 
beverages, and P i c k k  but the usual m e M  to Preserve 
this fruit is to make d t e d  and pickled prunes. 

Salted and pickled prunes (P. mume Sieb. et Zucc.) is 
a traditional food and has been consumed in China and 
Japan over 1000 years. The proceasing of fresh fruit of P. 
“e Sieb. et Zucc under high salinity (ca. 20%) has been 
the traditional practice in order to obtain good flavor and 
inhibit the microbial growth (Lee et al., 1984). The “sour” 

0021-8561/86/1434-0140$01.50/0 0 1986 American Chemical Society 



Volatile Components of Salted and Pickled Prunes 

flavor and taste of this food makes it a palatable food or 
food ingredient in the daily diet of Chinese and Japanese. 

Kameoka and Kitagawa (1976) investigated the volatiles 
from the fresh fruit of P. mume Sieb. et Zucc. and iden- 
tified 30 volatile components; among these, benzaldehyde, 
benzoic acid, ethyl benzoate, benzyl alcohol, 5-methyl-2- 
furfural, and 2,3-dimethylmaleic anhydride were the 
characteristic components. 

The volatile components of salted and pickled prunes 
(umezuke) and the dried products of salted and pickled 
prunes (umeboshi) were analyzed by Kameoka et al. 
(1981). Of the 36 volatile components identified, the major 
components of salted and pickled prunes (umezuke) were 
furfural, 5-methyl-2-furfura1, 2,3-dimethylmaleic anhy- 
dride, benzyl alcohol, 2-phenylethyl alcohol, and ethyl 
palmitate. The major components of dried products of 
salted and pickled prunes (umeboshi) were benzyl alcohol 
and methyl palmitate. 

Recently, in a series reports, Williams et al. (1980, 1982) 
and Wilson et al. (1984) found that most of the mono- 
terpene alcohols in the volatiles of grape may originate 
from the nonvolatile monoterpene glycosides by enzymic 
or acidic hydrolyses. Other volatile components of grape 
that could be originated from nonvolatile precursors in- 
clude 2-phenylethanol, benzyl alcohol, damascenone, vi- 
tispirane, and 1,1,6-trimethyl-l,2-dihydronaphthalene 
(Williams et al., 1982). The glycosides of benzyl alcohol 
and 2-phenylethanol were further identified by Williams 
et al. (1983). Similar phenomena about the glycosides 
bound nature of volatile components were also observed 
in tea shoots (Takeo, 1981), passion fruit (Engel and Tressl, 
1983), and papaya (Heidlas et al., 1984). 

From the above mentioned reports, it is possible that, 
in fruit or in plant, a pool of nonvolatile glycosides exists 
that can be transformed into volatile compounds either 
by the action of enzymes or by acid hydrolyses at elevated 
temperature. 

This study presents the investigation about the volatile 
components of salted and pickled prunes (P. mume Sieb. 
et Zucc.) at pH 2.5 and 7.0, respectively, and by comparing 
the differences between the two treatments, the glycosid- 
ically bound nature of some volatile components can be 
shown. 

EXPERIMENTAL SECTION 

Sample Preparation. Fresh fruits of P. mume Sieb. 
et Zucc. were purchased from Sui-Li, Taiwan. The fruits 
were washed and then placed in a ceramic vessel with one 
layer of refined salt (99.5%) over one layer of fruit. The 
salt concentration in the final product was about 20% 
(w/w). The pickling process was conducted under room 
temperature for 8 weeks (Lee et al., 1984). The prunes 
were deseeded manually, and 1 kg was blended with 2 kg 
of distilled water for 1 min in a Waring blender. The pH 
of this preparation was 2.5. The pH of another preparation 
was adjusted to 7.0 by adding 0.5 N NaOH solution after 
blending. The volatile components of each preparation 
were extracted for 2 h in a Likens-Nickerson apparatus 
(Romer and Renner, 1974). Glass-distilled pentane and 
ether (1:l) were used as extracting solvent. n-Nonanol 
(2.77 mg; Haarman and Reimer GmbH, West Germany) 
was added as an internal standard. The extracted volatiles 
were concentrated to minimal volume by distillation in a 
Vigreaux column (50 cm X 2 cm i.d.) before injection. 

Gas Chromatography. Gas chromatography was car- 
ried out on a Gasukuro Model 370 gas chromatograph 
(Gasukuro Kogyo, Japan), equipped with a flame ioniza- 
tion detector and a 50 m X 0.32 mm (i.d.) fused silica 
capillary column (Chrompack, Middelburg, The Nether- 
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lands); the stationary phase was equivalent to bonded 
Carbowax-2OM (CP WAX 57 CB). The oven temperature 
was programmed linearly from 50 to 200 "C at  2 "C/min 
and then held at  200 "C for 40 min. The injector and 
detector temperatures were 250 "C. The samples were 
injected in the split mode with a split ratio of 1:60. The 
carrier gas was hydrogen at a flow rate of 1.2 mL/min. 
Quantitative determinations (without consideration of FID 
response factors, i.e., calibration factors F = 1.00 for all 
components) were carried out by using a Hewlett-Packard 
3390A laboratory integrator. 

The linear retention indices of the volatile components 
were calculated by using n-paraffin (Cs-C25; Alltech As- 
sociates) as references (Majlgt et al., 1974). 

Capillary Gas Chromatography-Mass Spectrome- 
try. The capillary gas chromatography-mass spectrometry 
was carried out on a Hewlett-Packard 5985B system. The 
gas chromatograph (Hewlett-Packard 5840A) was installed 
with a Quadrex (Quadrex Co., New Haven, CT) fused silica 
capillary column (bonded Carbowax-2OM 50 m X 0.32 mm 
(i,d.)), The conditions were as follow: temperature pro- 
gram, 5 min isothermal at 50 "C, 50-200 "C, 2 "C/min, 40 
min isothermal at 200 "C; carrier gas, helium; flow rate, 
1.2 mL/min; ion source temperature, 200 "C; electron 
voltage, 70 eV; electron multiplier voltage, 2400 V. 
RESULTS AND DISCUSSION 

Figure 1 shows the gas chromatograms of volatile com- 
ponents of salted and pickled prunes obtained at  pH 7.0 
(A) and pH 2.5 (B). The fruit pulp materials after sepa- 
ration of the seeds were simultaneously steam distilled and 
solvent extracted (Romer and Renner, 1974); internal 
standard had been added before extraction. There are 181 
compounds that can be detected in the gas chromatograms. 

Table I lists 114 volatile components of salted and 
pickled prunes, among these, 92 components were iden- 
tified by comparing the mass spectra of the compounds 
with the published mass spectral data (MSDC, 1974; Ka- 
meoka and Kitagawa, 1976; EPA/NIH, 1980; Jennings and 
Shibamoto, 1980; Kameoka et al., 1981; TNO, 1981); the 
other 22 components were tentatively identified according 
to the mass spectral fragmentations. 

Of the volatile components identified in this study, 
aromatic compounds, monoterpenes, monoterpene alco- 
hols, acids, and some aliphatic aldehydes (saturated and 
unsaturated) and alcohols are the major components of the 
pH 2.5 sample. The amounts of components listed in 
Table I are in most cases less than those of the pH 2.5 
sample except peak 3 (ethyl alcohol), peak 71 (methyl 
benzoate), peak 141 03-methoxyacetophenone), and peak 
155 (bis(pmethylbenzy1) ether). 

When the composition of volatile components identified 
in this study is compared with previous reports about the 
volatile components in fresh fruits (Kameoka and Kita- 
gawa, 1976) and in salted and pickled prunes (Kameoka 
et al., 19811, it can be seen that, besides the characteristic 
components of salted and pickled prunes, the volatile 
components isolated in this study also have the charac- 
teristics of fresh fruit. 

In Table I, aromatic compounds such as benzaldehyde 
(peak 58) and benzyl alcohol (peak 107) are the two most 
abundant components of both treatments, and this agrees 
well with the intensive "almondlike" aroma of both flavor 
isolates as perceived organoleptically during the prepara- 
tions. 

In this study, the acids (peaks 46,69-1,76,91,106,115, 
128, 145, 153, 158, 161, 173, and 180) isolated in the pH 
2.5 sample are important contributors to the "sour" 
character of the prunes; however, all these acidic compo- 
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Table I. Volatile Components of Salted and Pickled Prunes Identified at p H  7.0 and 2.5 

peak no.“ component 20M)b pH 7.0 pH 2.5 spec rep 
Z ~ ( C W -  w,E mg/kg mass 

2 
3 
9 

11 
13 
14 
15 
17 

17-1 
18 
19 
21 
22 
23 
24 
25 
27 
28 
30 
32 
36 

37 
39 
40 
42 
43 

43-1 
44 

44-1 
44-2 

45 
45-1 
45-2 

46 
47 
48 
52 
53 
55 
58 
60 
62 
64 
66 
67 
68 
69 

69-1 
69-2 

70 
71 
76 

76-1 
77 
78 
79 
81 
82 
83 
84 
85 
88 
89 
90 

91 
91-1 
91-2 

92 
93 
95 
97 
98 

ethyl acetate 
ethyl alcohol 
hexanal 
camphene 
1-butanol 
P-pinene 
myrcene 
heptanal 
limonene 
1,4-cineol 
isoamyl alcohol 
Z-pentylfuran 
1,8-cineol 
ocimene 
amyl alcohol 
hexyl formate 
y-terpinene 
octanal 
trans-2-heptanal 
1 - hexen-3-01 
isomer of tetrahydrotrimethylnaphthalene [M+/e 174, 159 (1001, 174 (23, 144 (W, 

1-hexanol 
nonanal 
isophorone 
butyl hexanoate 
hexyl butanoate 
isomer of tetrahydrotrimethylnaphthalene (M+/e 174)’ 
trans-2-octenal 
ethyl octanoate 
4-propyl-1-methylbenzene 
cis-linalool oxide + isomer of tetrahydrotrimethylnaphthalene (M+/e 174)’ 
1-octen-3-01 
isomer of 2,4-heptadienalf 
acetic acid 
trans-linalool oxide 
furfural 
trans,trans-2,4-heptadienal 
cis-3-hexenyl butanoate 
2-acetylfuran 
benzaldehyde 
trans-2-decenal 
isomer of tetrahydrotrimethylnaphthalene (M+/e 174)’ 
1-octanol 
5-methyl-2-furfural 
methyl 2-furoate 
4-hydroxy-3-methyl-2-(2-propenyl)-2-cyclopenten-l-one 
hexyl hexanoate 
propionic acid 
isomer of decahydronaphthol-like compd [poss M + / e  152,94 (loo), 79 (60), 91 (24), 77 

p hellandral 
methyl benzoate 
butanoic acid 
phenylacetaldehyde 
@-terpineol 
1-nonanol 

129 (16), 131 (16), 91 (121, 39 (lo)]’ 

(21), 41 (20), 55 (19), 119 (8),  136 (6), 152 (611’ 

ethyl benzoate 
methyl undecanoate + isomer of tetrahydrotrimethylnaphthalene (M+/e 174)f 
benzyl formate 
isomer of decahydronaphthol-like compd (M+/e 152?)’ 
a-terpineol 
isomer of a-terpineol’ 
benzvl acetate 
2,3-&methylmaleic anhydride 
isomer of dihydrotrimethylnaphthalene [ M + / e  172, 157 (loo), 142 (52), 170 (30), 141 

(22), 115 (151, 128 (121, 91 (811’ 
valeric acid 
4-ethyl-2,6-dimethyl-4-heptanol 
trans,cis-2,4-decadienal 
methyl salicylate 
isomer of decahydronaphthaol-like compd ( M + / e  152?)’ 
nerol 
trans,trans-2,4-decadienal 
benzyl propionate + isomer of decahydronaphthol-like compd ( M + / e  152?)f 

854 
929 

1069 
1093 
1131 
1133 
1149 
1171 
1180 
1188 
1196 
1217 
1226 
1232 
1236 
1256 
1266 
1274 
1287 
1304 
1325 

1343 
1378 
1386 
1395 
1398 
1405 
1417 
1419 
1422 
1428 
1438 
1451 
1455 
1457 
1460 
1481 
1485 
1495 
1514 
1519 
1534 
1544 
1563 
1569 
1577 
1589 
1592 
1597 

1603 
1608 
1627 
1635 
1640 
1645 
1651 
1665 
1671 
1673 
1680 
1683 
1710 
1714 
1720 

1729 
1733 
1740 
1753 
1762 
1773 
1780 
1783 

0.02 
0.23 
0.39 
0.11 
0.06 
0.30 
0.07 
0.17 
-e 

0.06 
0.02 
0.14 
0.15 
0.01 
0.01 
0.09 
0.06 
0.01 
0.01 
0.01 
- 

0.04 
0.12 
0.01 
0.02 
0.02 

0.07 
+g 

0.11 
0.01 

- 

- 

- 
- 

0.11 
0.09 
0.01 + 
0.06 

30.20 
0.02 

+ 
+ 
+ 
+ 
+ 

- 

- 
- 

0.02 
0.56 
- 
- 
0.03 
2.77 
0.10 
0.04 
0.01 
0.04 
0.04 + 
0.03 

+ 
- 

- 
+ 
0.07 

+ 
0.02 
0.04 

- 

- 

0.27 
0.10 
1.05 
0.25 
0.44 
1.27 
0.26 
0.33 
0.02 
0.11 
0.09 
0.35 
0.56 
0.03 
0.40 
0.20 
0.06 
0.06 
0.11 
0.01 
0.04 

0.37 
1.14 
0.08 
0.15 
0.08 
0.08 
0.56 
0.05 
0.03 
0.39 
0.05 + 
0.85 
1.66 
2.58 
0.29 
0.03 
0.49 

84.23 
0.34 + 
0.18 
0.06 
0.75 
0.09 
0.04 
0.02 
0.01 

0.08 
0.26 
0.37 
0.02 
0.04 
2.77 
0.16 
8.13 
0.18 
0.16 
0.31 
0.08 
0.23 
0.06 
0.03 

0.19 
0.06 + 
5.25 
0.02 
0.03 
0.13 
0.06 

a ,  c-e 
a ,  c-e 
a ,  c-e 
a, c-e 
a, c-e 
a ,  c, e 
a, c ,  e 
a, c, e 
a, c-e 
a, c ,  e 
a, c-e 
a, c-e 
a, c, e 
a,  c, e 
a, c-e 
a,  c-e 
a, c ,  e 
a, c, e 
c ,  e 
a ,  c, e 

a, c-e 
a, c-e 
c ,  e 
a, c ,  e 
a ,  c, e 

c, e 
a, c-e 

c-e 
a ,  c-e 

a, c 
c-e 
a ,  c-e 
a ,  c, e 
a, c ,  e 
a, c-e 
b, c-e 
c ,  e 

c-e 

c, d 

a ,  c 

C 

b-d 

C 
a-e 

e 
c-e 
a, c 
a, c, e 
a, c-e 
a, c-e 
c-e 
a, c 
c-e 

a, c-e 

c-e 
b, c 

a, c 

a, c 
c-e 

c-e 
a ,  c 
c, e 

C 
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Table I (Continued) 

peak no.a component 20M)b pH 7.0 pH 2.5 spec rep 
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I,(CW- d: mg/kg mass 

99 
100 
101 
105 
106 
107 
110 
111 
112 
113 
115 
121 
125 
126 
127 
128 

129 
134 
135 
136 
137 
140 
141 
142 
145 
146 
147 
148 
150 
153 
155 

156 
158 
160 
161 
162 
173 
180 

128-1 

1-phenylethanol 
isomer of dihydrotrimethylnaphthalene (M+/e 172)’ 
isomer of tetrahydrotrimethylnaphthalene ( M + / e  174)f 
geraniol 
hexanoic acid 
benzyl alcohol 
isomer of dihydrotrimethylnaphthalene ( M + / e  172)’ 
y-octalactone 
2-phenylethanol 
p-ionone 
heptanoic acid 
diethylene glycol 
isomer of dihydrotrimethylnaphthalene (M+/e  172)f 
cinnamic aldehyde 
2-methyl-5-phenyl-2-hexenal 
octanoic acid 
ethylphenol 
4-(2/,3’,6/-trimethylphenyl)but-3-en-2-one (!@/e 188)’ 
y-decalactone 
coniferyl alcohol 
eugenol 
l,2-dicyclohexen-l-yl-l,2-ethanediol 
methyl hexadecanoate 
p-methoxyacetophenone 
ethvl hexadecanoate + isomer of dihydrotrimethylnaphthalene ( M + / e  172)f . .  

decanoic acid 
isomer of 4-(trimethylphenyl)but-3-en-2-one ( M + / e  188)f 
2,6,6-trimethyl-3-cyclohexylidene lactone 
is o e u g e n o 1 
terephthaldehyde 
undecanoic acid 
bis(methylbenzy1) ethyl [M+/e 226?, 120 (loo), 91 (34), 119 (24), 121 (lo), 65 (8), 51 
(7), 39 (VIf 

methyl octadecanoate 
benzoic acid 
an alkenal compdf 
lauric acid 
an alkenal compdf 
myristic acid 
palmitic acid 

1791 
1793 
1797 
1823 
1831 
1862 
1880 
1883 
1896 
1911 
1939 
1968 
2009 
2017 
2029 
2035 
2054 
2078 
2110 
2114 
2140 
2147 
2171 
2173 
2205 
2244 
2264 
2323 
2332 
2347 
2379 
2416 

2424 
2486 
2554 
2575 

-h 
-h 
-h 

+ 
- 
- 
0.04 

1.84 

+ 
+ 
0.12 

0.01 + 
0.02 
0.03 

0.01 + 
0.07 
0.02 
0.02 + + 
0.77 
0.05 

+ 
0.01 
0.01 
0.03 

1.20 

+ 
0.06 

0.11 

3.37 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.13 
0.03 
0.02 
0.22 
0.90 
11.79 
0.06 
0.07 
0.06 
0.21 
0.06 
0.58 + 
0.16 
0.04 
0.09 
0.03 
0.21 
0.09 
0.09 
1.81 
0.03 
0.34 + 
0.26 
0.51 
0.01 
0.08 
0.34 
0.11 
0.18 
0.34 

0.18 
5.80 
0.29 
2.38 
0.45 
2.18 
23.38 

a Number refers to Figure 1. *Calculated Kovats retention indices. Average of two experiments. Mass spectral data from the following 
sources: (a) MSDC, 1974; (b) Kameoka and Kitagawa, 1976; (c) EPA/NIH, 1980; (d) Jennings and Shibamoto, 1980; (e) TNO, 1981. eDoes 
not exist. fTentatively identified. BAmount less than 0.01 mg/kg. hIndex greater than 2600. 

nents were neutralized by the alkali solution in the pH 7.0 
sample except some minor amount of palmitic acid (peak 
180). 

It is interesting to note that there are four groups of 
tentatively identified compounds, although their concen- 
trations are low, that repeatedly appear in the gas chro- 
matograms of pH 2.5 sample: the isomers of tetrahydro- 
trimethylnaphthalene, M + / e  174 (peaks 36,43-1,45,62, 
81, and 101); the isomer of dihydrotrimethylnaphthalene, 
M + / e  172 (peaks 90, 100,110, 125, and 142); the isomer 
of a decahydronaphthol-like compound, possible M + / e  152 
(peaks 69-2, 83,93, and 98); the isomers of 4-(trimethyl- 
phenyl)but-3-en-2-one, M + / e  188 (peaks 129 and 146). 
Because of the low concentrations of these compounds, 
some of these compounds were confirmed by the single-ion 
monitor (SIM) method of the GC-MS system used in this 
study. The SIM method is especially useful for the de- 
tection of minor component with characteristic mass 
spectra, even if it is hidden beneath a larger component 
of the gas chromatogram (Chien, 1984). 

To isolate the nonvolatile glycosides or “flavor 
precursors” in grape and passion fruit, a reversed-phase 
adsorbent was used to absorb these glycosides directly from 
the juice (Williams et al., 1982; Engel and Tressl, 1983). 
Following the acidic hydrolyses (at pH 3.0 or pH 1.0) of 
the glycosidic fraction under elevated temperature, the 
corresponding volatile components can be liberated. In 
this study, the reverse adsorbent was not adopted to isolate 
the nonvolatile glycosides; instead, steam distillation at  

different pH was adopted. According to the results of 
Engel and Tressl (1983), steam distillation at  acidic pH 
(in the case of passion fruit, pH 3.0) could enhance the 
amount of monoterpene alcohols from 30-fold up to 50-fold 
as compared with steam distillation at  pH 7.0. 

Since the nonvolatile glycosides are susceptible to the 
acidic hydrolyses under elevated temperature, in this 
study, steam distillation a t  pH 2.5 did form many cate- 
gories of compounds that were only minor components or 
did not exist in the pH 7.0 sample. In Table I, compounds 
that have been shown previously to be glycosidically bound 
(Williams et al., 1980,1981,1982,1983; Engel and Tressl, 
1983) and are possibly glycosidically bound in this study 
are monoterpene alcohols (peaks 84,95 and 105), linalool 
oxides (peaks 45 and 47), benzyl alcohol (peak 107), and 
2-phenylethanol (peak 112). Other compounds that may 
be glycosidically bound and are tentatively identified in 
this study include isomers of a decahydronaphthol-like 
compound (peaks 69-2,83,93, and 98) and the isomers of 
4-(trimethylphenyl)but-3-en-2-one (peaks 129 and 146). 

Besides the above mentioned compounds, there are two 
groups of naphthalene derivatives that are repeatedly 
appearing in the pH 2.5 sample, that is the isomers of 
dihydrotrimethylnaphthalene and the isomers of tetra- 
hydrotrimethylnaphthalene. It is possible that these two 
groups of compounds are also originating from some 
nonvolatile precursors by the action of thermal cleavage 
under acidic pH. It is worthwhile to note 1,2-dihydro- 
1,1,6-trimethylnaphthalene, an isomer of dihydrotri- 
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Figure 1. Fused silica capillary gas chromatographic separations of volatiles obtained from salted and pickled prunes by distilla- 
tion-extraction a t  DH 7.0 (A) and DH 2.5 (B). Further conditions are given under the Experimental Section. Peak numbers correspond 
to those in Table i. 
methylnaphthalene, which was first identified in straw- 
berry by Stoltz et al. (1970) and then claimed to be ori- 
ginated from nonvolatile precursor in grape by Williams 
et al. (1982). However, the exact relationship between the 
precursor and this compound is not clear yet. 
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