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Mandarin(citmsreticu,ata mmcoorcttrwnoms
Andrews) and orange (Citrus sinen.sis (L, )) Osbeck, were

introduced to Europe by the Portuguese explorers in the
12th and the 15th centmy respectively. Since that time

there was ever increasing popularity and demand for these
fruits which lead to their wide cultivation in many countries

of the world.
The name “Mandwin” was given to the C. reticukzta by

the Portuguese who brought it from China and named it to
reflect the country of origin. The history of the name
“Orange” is quite curious. In some European languages, the

word “Appelsin” (Chinese apple), is used to designate
orange. while the word “orange” itself is traceable through
Arabic “Naranj” to Sanskrit “Naranga”, 1 the Arabs them-

selves use the word “Burtukbaf” (Portugal) which testifies
to the contribution of the Portuguese to the introduction
and distribution of citrus in the Western world.

In today’s food and beverage market, tbe citrus flavored
products are highly popuku. The aroma elements from the

citrus fruits~old-pressed and distilled oils, folded and
deterpenated oils, essences and extracts, are widely used in

the creation of natural flavors. Tbe commercial importance
of these products lead to extensive scientific study resulting

in a broad knowledge base of their chemicaf composition.
W,tb the exception of bitter orange Ieafoil, the so-called

oil of petitgrain bigarade,z citrus leaf oils have found only
Iimitedapplicationin tbeflavorandfmgmnce industry Althougb

tbechemical compositions ofpetitgrain oilshavebeenstudied
overtbe years,2-13our knowledge in this matter falls far behind

the information available on citrus fruit oils.
Since biblical times, citrus trees were grown in the Holy

Land. In the state of Israel the cultivation of citrus became
the corner stone for the locaf food indust~, Cold-pressed
citrus oil produced in Israel, holds a respectful position in
the international aroma material trade. Yet almost no infor-
mation is found in the literature with respect to the leaf oils
of Israeli citrus.

There is a big demand in our industry for natural aroma
chemicafs used in the creations of citrus flavors, Tbe recov-

e~ Of inditidud components from the peel oils is WUaI@
cost prohibitive due to the high prices of citrus oils and to
the low totrd content of tbe oxygenated components which
are the principle carriers of citrus flavor.

Recently, Lawrence showed that a large variety of valu-

able natural aroma chemicals can be found in uncommon
sources of essential oils. 14This fruitful idea, enforced by the
possibility of additional exploration of already existing com-
mercial crops, provided the motivation for our study of

Israeli citrus leaf oils.

Orange Petitgrein Oile

According to Braverman, 15 the numerous varieties of
sweet oranges can be classified into the following three
large groups; those with normaf fruits round (such as

Spanish oranges or Vafencias) or oval in shape (such as Jaffas
or Mediterranean oranges); those with abnormal or navel
fruits (Washington navel); and those with a red or red
streaked pulp (Blood oranges).

Shamouti (Jaffa), Vdencia and Ruby (blood orange) are
three major varieties commercially grown in Israel. The

composition of their leaf essential oil is seen in Table L
The presented data indicated that afl three varieties

belong to the same chemical type, Every identified con-
stituent, although in somewhat different proportion was
found in each one of the investigated essential oils.

Among the three studied varieties of sweet orange, tbe
Ieafoil of Valencia is the only one, whose composition was

previously investigated in detail.61113 Being rather similar
to the composition of Vdencia leaf oil from Florida,ell the

Israeli oil differs considerably from the oil of Vafencia
grown in Algeria.ls Most probably, the Algerian and Israeli
Valencias belong to different subvarieties and their oils,
judging by their composition, would exhibit quite a differ-
ent organoleptic profile.
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I Citrus Petitgrain Oils.of Israel I
Mandarin Petitgrain Oile

For nearly a hundred years, classic essential oil literature
refers to mandarin petitgrain oil as containing methyl-N-

methyl anthranilate as a major component.2,3 The famous
phenomenon of fluorescence of mandarin leaf oil in afcohol

dilutions, first observed at the end of the last century, is due
to the high content of this chemicaf. Affectionately describ-
ing the mandarin petitgrain oil and its interesting applica-

tions in flavors and perfumes, Arctander16 emphasizes the
advantages of methyl-N-methyl anthranilate which does
not discolor or form condensation products in the presence

of aldehydes (in contrast to the formation of the Schiffs
bases with methyl anthranilate). He blames the shortages in
supply of mandarin leaf oil for the limited applications of

this excellent material.
We were told by several essential oil producers from

Southern Europe that their attempts to produce mandarin
petitgrain oil by distillation of leaves and twigs of mandarin
trees, occasionally resulted in rather strange products—

essential oils without a trace of methyl-N-methyl anthrani-
Iate. Indeed, more recent studies have shown that the leaf

oils of new varieties of mandarin contain mostly hydrocar-
bons and linalool. Tbymol, or aftemately terpinen-4-ol,
were found in some varieties of mandarin but not in
others.6,7

In ourstudywe investigated the chemical composition of

the essentiaf oils obtained from leaves of seven different
varieties of C. reticuksta grown in Israel. Among those Dancy

and Clementine are well known to tbe citrus growers and
cultivated in many places around the world, while Micbd,
Maya and Nectarine are locaf Israeli developments. The
varieties Balady and Yussuf Effendy are old local mandarins

grown by the Arabs long before intensive agriculture was
introduced to the country.

AUleaf samples studied intbis work were gathered by the

authors from authentic trees in Israel. Essential oils were
recovered in the laboratory and studied using GC/M S.

Table II lists seventy-three components identified in the
mandarin leaf oils studied in this work. The data presented

here indicate the existence of three distinct groups with
respect to leaf oil chemical composition.

Chemovarietiea of Mandarin

The first group (A), which is the classic mandarin petitgrain

oil, is characterized by the presence of methyl-N-methyl
anthranilate (ca.60% ). The variety Bdady growing in both
Egypt7 and Israel belongs to this type.

The word “’Balady”, in Arabic, means “local, native, well

known”. This vtiety of mandarin is probably the oldest in

the Middle East since it is considered to be native in two

agricultur~ areas. Israel and Emt, pafied by 5131Jkm Of
desert. In Israel, tbe Bahtdyvariety is practically extinct. Its
cultivation was abandoned as a commercial crop in modem

times because it is not a prolific plsnt and its fruits are not
as tasty as those of new varieties. The odor of the fitiage,
however, is outstanding. when one is lucky enough to find
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Table 1.Chemical Composition of Orange Petltgrain Oil
Obtained from

Three Varieties of
Citrus sirrerrsis (L.) Osbeck. Grown In Israal

Jafta Ruby

(Shamouti) (Blood

Components Valencia Orange)

ct-pinene
B-pinene
sabhene
5-3-carene
myrcene
ethyl (E)-2-butenoate’
a-phellandrene
Iimonene
fl-phellandrene
(Z)-ocimene
unidentified 1
yterpinene
p-cymane
tarpinolene
unidentified 2

(isomer oft )

3-methyl-2-butenol”
methyl heptenone
(Z)-3-hexenol

ethyl octanoate
(E)-aabinene hydrate
ciironellal
hnalool
(Z)-sabinene hydrate
fl-elemene
terpinen-4-01 +

B-caryophyllane
ethyl benzoate”
a-humulene
a-terpineol
valencene”
Kselinene’
a-selinene”
bicyclogermacrene
citronellol
ethyl phenylacetate’
anethole’
ethyl Iaurate”
garaniol
O-phanylethanol’
ethyl myristate’
fl-sinensal

ethyl palmitate
a-sinenaal
ethyl stearate’
ethyl hnoleate”
ethyl h;olenate’
phytol

1.75
1.06

18.66
2.52
2.79
0.10

0.05
1.70

0.35
0.18
3.23
7.52
0.10
1.31

2.14
0.02
t.
1.25
0.11
2.14
1.82
8.21
2.17
4.13

7.87
t.
0.11
0.13
0.03
0.02
0.01
0.06
0.12
0.09
0.07
0.05
t.
0.04
0.03
1.22
5.57
0.03
0.21
0.69
5.26
2.04

‘Newlv identified in oran!le leaves

0.88
1.30

32.58
4.34
5.63
0.08
0.08
1.25
0.55
0.06
1.36
7.41
0.16
0.75

1.25

t.
0.41
t.
2.43
1.32
5.13
1.53
2.36

3.62
t.

0.98
0.09
0.02
t.

0.02
0.06
0.06
0.08
0.05
0.04
t.
t.
t.
0.43
3s4
0.02
0.13
0.47
0,35
0,91

t. = trace

1.02
1.14

15.81
3.06
3.64
0.11
0.06
2.96
0.61
0.50
3.56

10.50
0.15
1.51

3.23
t.
t,
1.93
0.06
2.61
1.65

20.92
3.23
4.00

6.95
t.
1.19
0.18
0.04
0.03
0.01
0,06
0,09
0.11
0.12
0.05
t.
0.02
0.05
2.35
6.77
0.07
0.07
0.61
3.74
1.07
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I Citrus Petitgrain Oils of Israel I

Table Il. Chemical Composition (o/o)of Msndsrin Petitgrsln Oil
Obtained from Seven Varieties of Citrus reticu/ata Blsnco Grown In Isreei

A

Composition Balady

a-thujene
a-pinene

cemphene

O-pinene

esblnene
myrcene

a-phellandrene
ethyl-2 -butenoate”

a-terpinene
Iimonene

O-phellandrene’
(Z)- f3-Ocimene

Tterpinene
(Z)-3-hexenyl formate’

p-cymene
terpinolene

(Z)-2-pentenOl”
(Z)-3-hexenol’

ethyl octanoate’
(E)-sabinene hydrate’

ethyl nonanoate’
(Z)-linalool oxide’

(furanoid)

(E)-linalool oxida’

(furanoid)

a-copaene

dacanal

benzaldehyde’
citronella
Iinslool

(Z)-aabinene hydrate’

(E)- f3-bergamotene’
B-elemene”

terpinen-4-01

fl-caryophyllene
valencene’

thymol methyl ether

terpinen-1 -01’
citronellyl formate’

ethyl dacanoate”
(E)- 13-farnesene

a-humulene

aabinol’
ct-terpineol
viridiflorena”

a-muurolene’

bicyclogermacrene”

(E, E)-a-farneaene

B c

Yuaauf Clementine
Effendy Oancy Maya Michal Nectarine

1.34

0.72

0.31
0.05

0.15

4.91

0.03
0.04

12.60

0.11
3.10

0.53
t

0.06
0.01

0.01
0.01

0.11

1.63
0.14

0.05

0.01

0,03

0.08

0.24
t

0.76
1.83

1.51

0,34

t

0.11

1.00

4.57

6.54

0.34

0.13
t

0,06

45.12

5.44

t

t

0.51

0.33
0.31

t

0.71

0.65
1.31

1.18

0.41
0.11

0.21

0.39

0.10

3.11

4.09

0.05

0.44

0.21

50.73

0.10

0.24

4.63

t

t

0.25

t

0.58

0.18

t

0.50

0.11
1.41

0.25

0.04

0.07
0.23

0.06
2.31

2.12

1,43

0.33

0.02
2.79

0.02
0.03

0.02

55.10

0.02

0.04

2.00

t

0.11

1.30

0.02

0,06
1.00

0.35
1.70

0.02
10.62

0.72

0.68
1.94

0.73

0.93

0.49

0.04

25.17

0,04

6.11
0.16

0.02
2.56

0.10

0.61
0.16

t
0.64

t
t

0.30
1.28
t
1.33

20.s4
0.54

0,21
0.73
0.18

t

t
0.02
0.07

0,32

0.29

0.17

30.34
0.21

4.05
0.09

0.02
0.65
0.14
0.82
0,55
t
1.12

0.32
0.54
t

0.98

0.62
27.20

2.00

0.01

0.26

2.88

4.16

0.32

0.32

0.20
0.04
2.54

0.02

t

0.25
24.80

0.03

1.28
2.21

0.30

t

t
t

0.02
t

1,26

0.03
0.07
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I Citrus Petitgrain Oils of Israel 1

Table II (con’t). Chemical Composition (“A) of Mandarin Petitgrain Oil
Obtained from Seven Varietiee of Citrus reticulate Blanco Grown in Israel

A B c

Yussuf Clemenfine

Composition Balady Etfendy Dancy Maya Michal Nectarine

citronellol t 2.60 t 0.06
~cadinene” 0.06 0.02 0.06 0.08 0.47 0.06
methyl salicilrde” 1.00

ethyl phenylacetate”
t

0.06 0.02
anethole’

0.06
0.02 0.01

geraniol

0.02 t 0.03
0.02 t 0.03 0.04 0.05

ethyl Iaurate’
0.10

0.02 t 0,03 t

para-cymen-8-ol”
t

0.10
0.06

0.05 t t 0.02 0.04
L3-phenylethanol’

t
t 0.02 0.03

myrienol’
t

t
0.03

t t t 0.12
(Z)-carveol”

t
0.04 t 0.01 0.03 0.06

humulene oxide” 0.03 t 0.07
caryophyllene oxide” t 0.31 0.33 2.10 0.41
nerolidol 0.04 t 0.04 0.02 0.03
ethyl myristate’ 0.18

0.02
0.11 0.14 0.05 0.88 0.41 0.06

methyl-N-methyl
anthrenilete 65.71

thymol 0.12 14.43 11.70
(E)-carveol”

8.21 ~ -
0.04 t t

ethyl pentadecanoate” 0.03 0.06
R-sinenaal’ 0.41 2.98
ethyl palmitate’ 1.63

2.11
2,31

1.52
2.79 6.08

1.60
7.22 4.84

ethyl hept?decanoate’
3.36

0.04 0.09 0.15 0.07 t 0.31 0.08
a-sinenaal 0.93 0.24 0.72 t 0.17
ethyl stearate’

0.48
0.06 0.09 0.25 0.87 t 0.53 0.16

ethyl Iinolaate” 0.74 0.76 0.39 1.06 0.83 1.78 0.60
ethyl Iinolenate’ 2.64 2.86 0.68 6.88 3.63 4.89 3.33
phytol” 0.14 0.19 0.12 1.29 0.09 0.68 0.74

‘Newly identified in mandarin leaves t = trace

a Bakidy tree somewhere in a private garden, there could be Particular Findings
no doubt. the saueezed leaf smells like exauisite ~erfume! We now turn to the constituents common to afl the. .

It can be seen that the remaining six varieties fall into two
groups. According to their chemical composition, varieties

Yussuf Effendy, Dancy and Maya form one group (B), while
Clementine, Michal and Nectarin form another group (C),

Oils of group (C) contain 10,6-27.2% of sabinene com-

pared to the 0-1.4% in tbe oils of group (B). The terpinen-
4-01 content is 2,2-6,1% in the oils of group (C), hut not

detected in group (B). The linsfool content in group (C)is
24.8% to 30.3% while it is 45.1-55.1% in group (B). The
important characteristic of group (B) is the high content of
thymol—8.2-14.4%. These oils also contain more T-
terpinene-2. 1-4.6% and p-cymenel.4-6.5%, which are
the intermediates in the biosynthesis of thYmol .17.18

Based on the results of our investigation and the litera-

ture data, it seems that with the exception of mandarin
Unshiu,H1g the division into three chemotypes is universal
for the most of C. reticulate varieties grown commercially

around the world.
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studied leaf oils, In each snsfyzed sample a substantial
amount of the fatty acids ethyl esters was detected, It should
he mentioned in this respect that the presence of Iauric,

myristic and stearic acids (prObably in the fOrm Of estem)
was detected in the oil, extracted from aqueous distillate
formed during production of bitter orange petitgmin oil, as
reported by Guenther.z

Pbytol, the presence of which was previously reported
only in the Algerian lemon leaf oil,l” wss found in a notice-
able concentration in everyone of the orange and mandarin
leaf oils studied.

Apparently for the first time, the presence of anethole
was detected in the citrus oils. It was found in all the leaf oil
samples with the exception of the old varieties of manda-
rin-Bafady and Yussuf Effendy.

Sweet orange and mandarin leaf oils were found to
contain the highest ever observed percentage of a- and ~-
sinensds, It is our opinion that these sinensals exhibit a
tender and powerful orange- or mandarin-like organoleptic
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Citrus Petitgrain Oils of Israel

profile, playing the role of the characteristic orange note
congruent to that of nootkatone in the flavor of grape fmit.

Currently a very limited production of natural sinensals
is based on cold-pressed citrus oils where they are present
at approximately 0.05% level, Obviously they are not cheap
and, therefore, cannot he widely used in the flavor creation,
These very vafuable and rare flavor ingredients make up
2.4% in the orange Ruby and nearly 4% of the leaf oil of
mandarin Maya, Such a high content of sinensals makes
Israeli citrus leaf oils a convenient and economical source of
these important flavor ingredients.
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