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The essential oil of leaves and peel from the Cretan variety Zambetakis (Citrus limon) was obtained
by steam distillation with a Clevenger apparatus. The essential oil was subjected to GC-MS analysis,
and 35 substances were identified. The main component in both essential oils was limonene. 5-Pinene,
myrcene, neral, geranial, neryl acetate, geranyl acetate, and -caryophyllene have been identified in
the leaf oil. The peel oil contained y-terpinene, f-pinene, myrcene, neral, and geranial. The
guantification of volatile substances was based on the internal standard method, using octyl acetate
as internal standard, and expressed in milligrams per kilogram of the essential oil. The high contents
of neral and geranial were indicative of the high quality of both essential oils. The aroma profile and
guantitative variations among the essential oil components were measured at six different time intervals
over a period of greater than one year. Differences between the components of lemon leaves and
peel were observed.
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INTRODUCTION Table 1. Yield (Milliliters per Kilogram of Fresh Weight) of Lemon Leaf
The history of citrus dates back to ancient civilizations. and Peel Essential Oil
Lemon [Citrus limon(L) Burm. f.] originated in Southeast Asia,

China, and the Malayan Archipelago. Lemon varieties were first sampling period leaves peels
introduced into the Mediterranean countries when Romans first (Ddec&mbirllggf) 2-2 gj
navigated through the Red Sea to India. The common Mediter- frﬁrcg'zM;y%cw)gg ) 3:2 134
ranean type of lemon has not been found growing wild in any fourth (June 1997) 46 129
part of the Mediterranean region. Lemon is an important crop, fifth (November 1997) 53 174
grown in coastal sites of southern California, Sicily, Greece, sixth (April 1998) 40 6.5

and Spain. Greece is one of the main exporters of citrus to many
countries (12).

In addition to juice production, essential oil is one of the main
byproducts of citrus processing. Essential oils exported by
European producers annually includ®50 tons of lemon, 80
tons of mandarin, and 60 tons of bergan®)t Lemon essential
oil is of considerable importance from both economic and
scientific points of view. The importance of lemon oil and its
widespread use in the flavor and fragrance industry make the
acquisition of accurate compositional data highly desirable.

The quality of essential oil depends on different factors.
Among them are the chemotype and biotype of the plant as

well as the climatic conditions}j. A study of the influence of
different periods of ripening on the chemical composition of
lemon essential oil from leaves and peel is, therefore, considered
useful. Staroscic and Wilson (5) studied the seasonal and
regional variation in the composition of cold-pressed lemon oil.
Later, Crescimanno et al. (6) measured the variation of the
essential oil in the leaves of four lemon varieties.

According to Shaw ) there are several minor unidentified
components of lemon oil that may make an important contribu-
tion to its flavor. Njoroge (8) found that the Japanese lemon
leaf oil consists mainly of geranial, followed by limonene and
* Author to whom correspondence should be addressed (telephone 0030-neral. Quantification of the lemon peel oil components appeared

1-%862%4&:5Ifzé}ng\%30-1-284074: e-mail itap@otenet.gr). in the study of Chamblee et al9)( Volatile constituents of
* NAGREF Institute of Subtropical Plants and Olive of Chania. lemon leaf and peel oil were analyzed by capillary GC and GC-
8VIORYL S.A. MS (10). Analyses of peel essential oils of Italian and Japanese
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Figure 1. Chromatogram of lemon leaf essential oil of Cretan variety Zambetakis.

10
A0 . a 4 ﬁs 23
-1 - - ]
afeow. @
26
21 22
TR, &
- . -y
e . 8
z 25
oo o
5
30
3OS . 0 13 19
27
8
coa. o
1 17
33
1 p 15| po 32
N S LA™ e | f pa27)}] [izo 3
LI e P
_A__.,JL J ‘JJ\ |A, b/ j Ak_r_J[}, { o nh B
L St A e ! S A - T
© - = = = P p = 3 1
2 . ? ¢ # ¢ 8 3 $ g

Figure 2. Chromatogram of lemon peel essential oil of Cretan variety Zambetakis.

lemons are described by Sawamura etHL)(Huang {2) has thoroughly studied by many researchers, data regarding the
thoroughly examined the chemical composition of the leaf composition of Cretan lemon oil have not been reported.
essential oil from 11Citrus species of Chinese origin. Although The goal of the present work was to study the composition
the composition of the volatile fraction of lemon oil has been and seasonal variation of the main volatile constituents of the



Lemon Essential Oil J. Agric. Food Chem., Vol. 50, No. 1, 2002 149

Table 2. Variation of Lemon Leaf Essential Oil Components (Milligrams per Kilogram of Essential Oil) in Different Periods?

sampling periods

component peak 1 SD 2 SD 3 SD 4 SD 5 SD 6 SD
thujene 1 084a 0.1 0.72a  0.01 0.64b  0.03 054b  0.01 06b  0.04 0.0
o-pinene 2 10.8a 1.20 9.38b  0.07 83b 038 6.97c 0.19 6.9c 0.03 6.1c 0.60
camphene 3 0.78 0.09 0.76 0.04 064  0.02 0.50 0.02 0.0 0.0
p-pinene 4  101.6a 5.87 107.3a 1.72 939a 220 81.8b 10.7 88.9b 1.20 100.0a  3.34
myrcene 5 17.3a 1.35 12.5b 1.86 13.3b 0.46 14.3g 0.42 12.1b 6.00 11.6b 0.83
o-terpinene 6 l4a 0.26 l.4a 0.02 0.9b 0.01 0.7b 0.06 0.9b 121 0.8b 0.10
0,3-carene 7 104a 281 7.0b 0.01 4.2c 0.10 5.6b 0.04 57b 014 4.9c 0.05
limonene 8 167.0a 9.58 153.9a 1.43 162.9a  2.17 165.5a 214 184.1b 1.29 197.4c 7.89
(2)B-ocimene 9 4.7a 0.19 3.9b 0.01 54a 017 5.2a 0.14 47a 191 4.2b 1.24
(E)B-ocimene 10 23.7a 0.80 19.9b 0.05 26.5a  0.76 24.9a 0.83 229a 040 20.04b  0.15
y-terpinene 11 3.7a 0.29 3.2b 0.08 33  0.09 2.6a 0.27 270 243 22a  0.06
terpinolene 12 2.6a 0.45 2.2b 0.06 1.6¢ 0.14 1.8¢ 0.30 1.5¢ 0.42 1.4c 0.22
linalool 13 12.1a 0.67 14.4b 0.05 108a 024 8.0a 0.58 24.6¢ 0.24 131a 063
C9-al 14 2.1a 0.03 2.8b 0.02 290 015 2.0a 8.25 15b 041 2la 021
citronellal 15 16.4a 0.30 17.2b 0.02 86a 023 7.29 0.41 139a 024 12.9 0.18
isocitral cis 16 3.77 0.13 4.06 0.04 327 007 470 0.20 2.50 1.10 4.04 1.02
isocitral trans 17 3.8a 0.30 3.7a 0.04 3.6a 0.03 2.9b 0.19 2.8b 0.37 3.2a 2.57
terpinen-4-ol 18 4.9a 0.28 4.3b 0.12 6.7a  0.08 4.2b 0.60 54a 040 57a 030
o-terpineol 19 5.8a 0.29 5.4a 0.27 7.6a 0.10 5.2a 0.35 12.1b 0.33 6.4a 0.28
C10-al 20 0.8a 0.09 0.7a 0.09 09a  0.04 0.6a 0.33 05b 037 l4a 023
octyl acetate 21
neral 22 121.3a 8.26 108.0a  16.8 120.2a 283 1286a 113 1483a  2.25 1344a 328
geranial 23 109.4a 5.53 103.9a 3.45 115.9a 7.20 131.3a 3.08 156.2b 6.03 164.9¢ 6.85
Cll-al 24 0.9a 0.26 0.8a 0.21 250 0.78 0.4a 0.03 19 353 l4a 297
citronellyl/ate 25 2.8a 0.14 2.3a 1.01 49 163 14a 5.90 3la 576 20a 326
neryl acetate 26 55.7a 2.06 40.4b 0.69 326b 317 40.9b 153 55.8a 0.6 61.7a 029
geranyl acetate 27 35.4a 1.44 22.5b 0.43 22.8b 1.92 27.0b 0.62 41.3a 0.60 41.8a 0.42
caryophyllene 28 6.9a 0.53 7.3a 0.02 4.9 0.76 4.7h 3.54 3.4b 3.17 7.1a 2.76
C12-ol 29 0.60 0.10 0.61 0.03 065 016 0.51 321 0.0 0.0
bergamotene 30 0.77 0.02 0.88 0.02 050  0.00 0.0 0.0 1.2 0.13
humulene 31 1.8a 0.06 1.3a 0.03 lla 0.01 0.8b 0.04 0.7b 433 lla 037
nerylprop/nate 32 121 0.14 1.12 0.11 061 003 0.88 0.20 110  0.67 1.2 0.54
geranylpr/nate 33 0.56a 0.11 1.0b 0.03 0.62a  0.09 1.4b 0.06 3.4c 0.65 1.3b 0.27
farnasene 34 0.0 0.56 0.12 061 017 1.10 0.07 070 018 1.0 0.09
caryophyl/xide 35 1.04 0.10 0.0 066  0.09 0.97 0.06 1.00 0.0 1.0 0.08

2 Values within rows followed by the same letter do not differ statistically at P = 0.05.

Sampling periods
O1 o2 @3 b

[

8 .
74 4 O5 BHé 8 -1 :
% 6l ; : . Sampling periods
é 2 o 2 o1 02 &3
= E 5J a
g 4 T N B4 @5 86
g 2 4 :
< !
g > £ 3 &
=} 151 i ]
8 2 5 24 X :
© ; N, % - N
14 1 " .
z [ -
0 Caryophyllene Humulene Farnasene

Caryophyllene Humulene Farnasene

Figure 3. Variation of sesquiterpenic hydrocarbons of Zambetakis variety lemon peel (a) and lemon leaf (b) essential oil in different sampling periods.

most important Cretan lemon variety in order to elucidate its Crete. The variety Zambetakis belongs to the Citrus Germaplasm Bank
aroma profile. The composition of these oils may be useful in of this Institute and was created by nucelar selectii ). It produces
taxonomic studies, as well as in the identification of aromatic fruits of high quality during summer and is resistant to both cold and
compounds of lemon oil obtained commercially by steam warm weather and to malsecco diseaBedma tracheiphilla). It is of

distillation. high commercial value because of its excellent pomological charac-
teristics and because it is practically seedless. The variety Zambetakis
MATERIALS AND METHODS is the most popular and is considered to be the most suitable lemon

variety for cultivation in Crete2). To certify this cultivar, an isoenzyme
Taxonomy of the Variety. The lemon plants used in the present electrophoresis method has been developed. Four isoenzymatic systems

study were of the variety Zambetaki€ifrus limon) planted at the \yere selected for the taxonomy of the lemon varieties: malate
Institute of Subtropical Plants and Olive at Chania on the island of
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Table 3. Variation of Lemon Peel Essential Oil Components (Milligrams per Kilogram of Essential Oil) in Different Periods?

sampling periods

component peak 1 SD 2 SD 3 SD 4 SD 5 SD 6 SD
thujene 1 3.6a 0.07 34b 0.29 312c 018 3.08c 0.07 211b 012 2.9c 0.06
o-pinene 2 14.9a 0.26 16.6b 1.35 153a 077 15.26b  0.39 8.55b  0.51 155b 044
camphene 3 0.44 0.03 0.64 0.05 056 011 0.00 0.00 0.00
f-pinene 4 70.5a 2.37 108.4b 5.6 91.00a 1.83 107.7b  3.66 578a 235 138b 335
myrcene 5 18.9a 0.30 14.70 1.04 12.8c 0.50 14.74b  0.66 10.5¢ 0.67 12.64c  0.05
d,3-carene 6 2.52 0.58 1.64 0.48 243 037 105 012 0.00 235 025
p-cymene 7 0.52 0.08 157 0.63 0.00  0.00 0.42 9.09 0.00 084 014
limonene 8 2709a 112 2629a 140 220.3b 237 28958  0.03 229b 6.44 3155a 7.21
(2)B-ocimene 9 155 0.18 0.24 0.1 0.27  0.09 0.0 0.0 0.0
(E)B-ocimene 10 199a 021 4.0b 435 30b 045 257b  0.03 185a 0.13 180a 0.57
y-terpinene 11 78.32a 241 90.2b 0.28 742a  0.98 82.23a 221 66.8b 1.73 81.98a 1.88
terpinolene 12 4.80a 0.06 5.2a 0.30 4.4b 0.30 441b  0.08 3.35h 012 409 0.26
linalool 13 46la 001 7.7b 0.07 54b  0.18 10.72c  0.26 3352 0.28 13.37b  0.35
C9-al 14 125a 001 l.la 0.05 15b  0.04 191b 0.9 0.54a  0.05 1.78b 0.14
citronellal 15 0.98a  0.03 1.5b 0.03 16b 001 094a 0.11 146b 0.3 294c 027
isocitral cis 16 0.75 0.02 0.64 0.05 053  0.03 0.0 0.65  0.07 0.0
isocitral trans 17 417a  0.04 3.9a 5.67 45a  0.02 499  0.09 2.74b 012 4.73a 010
terpinen-4-ol 18 1.04a 0.5 4.1b 0.03 08a  0.01 0.83a 0.03 0.97a 0.08 150a 0.58
o-terpineol 19 7.36a  0.04 9.00b  0.00 8.6b  0.09 901 044 5.63b 0.16 11.87b  0.58
C10-al 20 0.48 0.02 0.53 0.0 065  0.04 075 013 0.0 111 0.01
octyl acetate 21
neral 22 35.3a 0.37 35.0a 0.83 30.3b  0.05 36.1a 054 3991a 312 4545a  2.99
geranial 23 46.6a 114 49.9a 0.52 423a 503 4929 093 55.97b  0.68 65.36b  2.30
citronellyl /ate 24 0.0 0.52 0.07 0.0 0.0 066  0.03 0.0
neryl acetate 25 3.6a 0.08 9.7b 0.35 63b 023 587b 0.16 6.64b  0.96 12.33b  1.69
geranyl/tate 26 37a 0.05 13.7b 0.53 11.5b 029 6.39b  0.30 56b 025 2490b 4.5
C12-al 27 2.1a 0.03 4.0b 0.22 35b 013 4450 011 28a 021 0.0
[-caryophyllene 28 3.0a 0.05 5.0b 0.28 44b 015 291la 0.09 37b 019 598b 1.25
bergamotene 29 0.4a 0.02 0.7a 3.97 0.6a  0.02 0.59a 0.03 0.63a 0.04 0.0
humulene 30 4.6a 0.23 7.9a 0.48 7.09a 0.38 14la 011 5.77a 022 1.04a 0.02
neryl prop/ate 31 0.0 0.0 0.0 0.0 0.0 6.57 0.39
geranyl prop/ate 32 0.5a 0.13 5.4b 2.72 0.73a 0.04 342b 397 1.71b 015 0.0
farnasene 33 0.4a 0.63 0.5a 0.12 0.6a 032 145b 0.20 1.6b 1.67 1730 470

@ Values within rows followed by the same letter do not differ statistically at P = 0.05.

dehydrogenase, tetrazolium oxidase, glutamate oxaloacetate transamithe internal standard octyl acetate. An absolute concentration (grams

nase, and esterases (13). per milliliter of diluted essential oil with octyl acetate 1/25) of the
Sampling. Samples of leaves and fruits were collected from 16- relevant compound was determined.

year-old lemon trees, around the top of the tree at a height of 1.70 m. A Hewlett-Packard model P5890 GC with a split/splitless injection

Care was taken to collect leaves-5—7 months of age, representative  port and split ratio of 1/100, coupled with an HP5970 mass spectrometer

of the variety. Samples of 10 leaves from each of 10 different trees system (electron impact mode), was also used with a 26 @2 mm

were collected at different time intervals over a period of greater than i.d., 0.2um film thickness, HP-1 fused silica capillary column. The

one year. The fruits were collected three months after the anthesis fromtemperature program was isothermal for 3 min at6@nd then raised

each tree from the four compass points, to minimize position variables. to 230°C at 5 °C/min. The injector temperature was 2@ and the

The sampling periods were December 1996, March 1997, May 1997, transfer line temperature was 280. The column outlet was inserted

June 1997, November 1997, and April 1998. directly into the ion source block. Ultrapure helium was used as a carrier
Essential Oil Extraction and Analysis. For the isolation of the gas with a flow rate of 1 mL/min. The injection volume was @12

essential oil, the hydrodistillation method with the use of a Clevenger  ldentification of components was confirmed by comparison of the

apparatus (3) was used. Samples of 150 g were extracted according t&Xperimental retention index and mass spectrum with those of authentic

the following procedure: The leaves were carefully cleaned and cut, reference standards.

the fruits were cleaned, and the peels were cut and distilled separately For the statistical analysis, an analysis of variance (ANOVA) was

for 3 h. Oil samples were collected and stored in vials- 48 °C until used. Duncan’s multiple-range test was applied for the calculation of
use. the significant differences of the components among the sampling
For gas chromatographic analysis, a 800.32 mm i.d., 0.2%m periods.

film thickness, SE-52 capillary column was used. The column was
installed in a Perkin-Elmer Autosystem GC equipped with a glass RESULTS AND DISCUSSION
injection splitter with a split ratio 1/20 and flame ionization detector Qil Yield. The oil yield was expressed as milliliters of
(FID). The oven temperature was programmed from°60(5 min essential oil per kilogram of fresh weight (fw) of the plant
isothermal) to 230°C at 4°C/min. The temperatures of the injector  material. The yield of the essential oil varied from 3.5 to 5.3
and detector were 200 and 240, respectively. Helium (0.6 mL/min) mL/kg (fw) for leaves and from 6.5 to 17.4 (fw) for peel (Table
was used as a carrier gas. The injection volume wagl0.Peak area 1). The highest oil yield was obtained from leaves collected
percentages were calculated automatically by a Hewlett-Packard /" . . .
during November followed by those of June. This is not in

integrator. ith C . % h d that th
Chromatographic analysis was performed in six replicates. Standardsagreement wit rescimanno et &),(who reported that the

previously identified as constituents of lemon leaves were added to Maximum yield of the essential oil from lemon leaves was
the sample for peak assignment based on peak enrichment. The result9Pserved during February followed by November and June.
were calculated on the basis of an internal standard method (1S). The Identification and Quantification of Lemon Essential Oil.
concentration of the individual compounds was expressed relative to In Figures 1 and 2 the chromatograms of lemon leaf and peel
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Figure 4. Variation of aliphatic compounds of Zambetakis variety lemon peel (a) and lemon leaf (b) essential oil in different sampling periods.
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Figure 5. Variation of oxygenated monoterpenes of Zambetakis variety lemon peel (a) and lemon leaf (b) essential oil in different sampling periods.

oil are presented, respectively. For each group and eachCalifornian lemon varieties, Gramshaw4( reported that the
sampling, the mean value and the standard deviation (SD) havemain constituent was limonene followed IBypinene,y-ter-
been calculated; these data are reported in Tables 2 and 3. Apinene, and small quantities of citral and myrcene. Finally,
can be seen, the main common component in the essential oilStaroscic and Wilsorbj found limonene as the main constituent
of both leaves and peel is the monoterpene hydrocarbonof the essential oil from the lemon peel of fruits cultivated in
limonene followed by3-pinene. Neral, geranial, neryl acetate, California and Arizona, followed by minor quantities of
geranyl acetate, ang-ocimene (ZandE) are present in high  S-pinene. Relatively high concentrations of monoterpene hy-
quantities in leaves but in much lower quantities in peel. It can drocarbons in the Japanese lemon peel oil have been found by
be seen that most of the constituents belong to the terpene familyNjoroge et al. 8), with lower quantities of aldehydes and esters.
and may be arranged in two groups. The first is the group of Usai et al. {5), in a comparative study of the peel essential oil
terpene hydrocarbons (terpenes and sesquiterpenes), and thigom 12 lemon varieties, found that monoterpene hydrocarbons
second is the group of oxygenated terpene products. In thewere the major components, whereas the aldehydes and ses-
essential oil of lemon leaves the second group predominates.quiterpene hydrocarbons followed as minor components. Com-
Crescimanno et al.6) studied the essential oil from four bariza et al. 16) reported that limonene was the main constituent
varieties of lemon leaves and found that citral (neral and of the lemon oil and could be used as a functional index of
geranial)—and not limonene—was the dominant component ripeness. Moreover, citral (neral and geranial) contributes
followed by limonene, neryl acetate, geranyl acetate, @nd  significantly to the quality of lemon flavor and aroma, and its
and a-pinene. This is in accordance with our results. Further- concentration is by far the most important factor in determining
more, Njoroge et al.§) reported that Japanese lemon leaf oil the commercial value of a lemon oil4). The studied variety
consists mainly of geranial followed by limonene and neral. had a high content of citral, indicating that lemons of the variety
On the other hand, in the essential oil of peel from Sicilian and Zambetakis were of high quality. Also, the presence of relatively
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Figure 6. Variation of monoterpene hydrocarbons of Zambetakis variety lemon peel (a) and lemon leaf (b) essential oil in different sampling periods.

high concentrations of the other oxygenated compounds couldresults of the analyses of the essential oil from leaves and peel

explain the powerful and characteristic aroma of the essential during a six harvest periods appear in Tables 2 and 3. It can be

oil from the leaves. seen that the different periods of harvesting show significant
The quantity ofB-ocimene Z and E), which is a terpene  differences aP = 0.05 in most of the compounds. This could

hydrocarbon, was much higher in leaves compared to that in be attributed to the changes taking place in the essential oil

peel, and in some cases it was not identified in peel. This showsduring ripening. The regression analysis showed that values of

that probably the terpenes of leaves and peel are substancethe essential oil constituents are generally not linear except for

structured by a different metabolic pathway (17). the limonene, geraniay;-terpinene, andi-pinene in leaves and
Linalool in leaves was dominant among alcohols, although the geranial and neral in ped® values varied between 0.72

in peel it was found in lower concentrations. Consequently, the and 0.79.

implication that linalool could be the predominant substance in  In the present study the ripening effect is very important,

biogenesis of many constituents of citrus aroma is evidEnt ( although the variations noticed may be due, at least to some
Seasonal Differentiation of Lemon Essential Oil Constitu-  degree, to the time that elapsed between harvesting and essential

ents.Comparison of Cretan lemon leaf and peel oil sampled at 0il extraction, a fact that usually affects the chemical composi-

different time periods for over one year showed significant tion of essential oils. Apart from the geographical origin of the

differences in their composition. Seasonal variation was noticed tree, there were also other variables associated with it, which

in the amounts of neryl acetate, geranyl acetate, and citronellalcould not be controlled. Hence, it is difficult to make a thorough

in leaves and peel. The contentas$- andtrans-isocitral was and systematic estimation of the compositional differences and

higher during the November sampling in leaves, and the samefurther research is needed.

was observed in peel. According to Crescimanno et &). (

maximum values were measured during the winter harvest | | TERATURE CITED

followed by that of spring. This is not in agreement with our
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during the spring. Their Products Dekker: New York, 1986; Vol. 1, pp 165

. . 106.
The mean Comem of limonene was 171.8 mg/kg in leaves (2) Protopapadakis, E. I@itrus; Protopapadakis, Ed.; Agriculture
and 264.7 mg/kg in peel. The contents of the rest of the and Stock-Breeding: Athens, Greece, 1992: p 86
components can be Seen in Tables 2 and 3, respect.lvely: (3) Huet, R. Les huilles d’agrumeBruits 1991,46 (5), 551—576.
In Figures 3-6 the variation of each component againsttime  (4) Malik, M. N.; Scora, W.; Soost, R. K. Studies on the origin of

for each group of essential oil compounds is presented. The the lemon.Hilgardia 1974,42, 361—382.



Lemon Essential Oil

(5) Staroscic, J. A.; Wilson, A. A. Seasonal and Regional Variation
in the Quantitative Composition of Cold-Pressed Lemon Oil from
California and ArizonaJ. Agric. Food Chem1982,30, 835—
837.

(6) Crescimanno, F. G.; De Pasquale, F.; Germana, M. A.; Bazan,
E.; Palazzolo, E. Annual Variation of Essential Qils in the Leaves
of four Lemon [Citrus limon (L.) Burm. f.] Cultivars?roceed-
ings of the Sixth International Citrus Congre3®l-Aviv, Israel,
March 6—11; Goren, R., Mendel, K., Eds.; Balaban Publishers:
Philadelphia, 1988; Vol. 1, pp 583—588.

(7) Shaw, P. E. Review of Quantitative Analyses of Citrus Essential
QOils. J. Agric. Food Chem1979,27, 246—257.

(8) Njoroge, S. M.; Ukeda, H.; Kusunose, H.; Sawamura, M. Volatile
Components of Japanese Yuzu and Lemon QilsFlavour
Fragr. 1994,9, 159—166.

(9) Chamblee, T. S.; Clark, B. C.; Brewster, G. B.; Radford, T.;
Lacobucci, G. A. Quantitative Analysis of the Volatile Con-
stituents of Lemon Peel Oil. Effects of Silica Gel Chromatog-
raphy on the Composition of its Hydrocarbon and Oxygenated
FractionsJ. Agric. Food Chem1991,39, 162—169.

(10) Ayedoun, A. M.; Sossou, P. V.; Mardarowicz, M.; Leclercq, P.
A. Volatile constituents of the peel and leaf oils@itrus limon
L. Burm. f. from Benin.J. Essent. Oil Resl996,8 (4), 441—
444,

(11) Sawamura, M.; Poiana, M.; Kawamura, A.; Itoh, T.; Song, H.
S.; Ukeda, H. Volatile components of peel oils of Italian and

J. Agric. Food Chem., Vol. 50, No. 1, 2002 153

Japanese lemon and bergamitdl. J. Food Sci.1999,11 (2),
121-130.

(12) Huang, Y.; Pu, Z. The chemical composition of the leaf essential
oils from 110 citrus species, cultivars, hybrids and varieties of
Chinese originPerfum. Flavor.2000,25 (1), 53—66.

(13) Protopapadakis, E.; Papanikolaou, X. Use of four isoenzymatic
systems in lemon and lemon-like citrus cultivars to detect their
genetic diversityJ. Hortic. Sci. Biotechnol1999,74 (1), 26—

29.

(14) Gramshaw, J. W.; Sharpe, K. Estimation of Citral in Lemon Oil
by Gas—Liquid Chromatography using a Capillary Colurdn.
Sci. Food Agric.1980,31, 93-98.

(15) Usai, M.; Picci, V.; Arras, G. Influence of Cultivar on the
Composition of Lemon Peel Oill. Essent. Oil Resl996, 8,
149—-158.

(16) Combariza, M. Y.; Tirado, C. B.; Stashenko, E.; Shibamoto, T.
Limonene concentration in lemoiCitrus Volkameriana) peel
oil as a function of ripenesd. High Resolut. Chromatogt994,

17 (9), 643—646.

(17) Attaway, J. A.; Pieringer, A. P.; Barabas, L. J. The origin of

Citrus flavor component®hytochemistry1966,5, 141—151.

Received for review November 15, 2000. Revised manuscript received
QOctober 8, 2001. Accepted October 11, 2001.

JFO01369A



