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LatYearwestudiedover~~~Publicationsonthe chemic~
compositions of citrus oils, The outcome of this study has

been published in “Volatile Compounds in Food. 1 In ad-
dition we investigated the chemical compositions of some

important Mediterranean citrus oils.z Additional anafyses of
Israeli citms oils will be included in this paper.

During our studies and investigations we came across
several wmmafies in the concentrations of the main and

other important constituents of the oils. Sometimes even the
identities of the constituents found may be doubted. This

study is meant u a trial to clarify some of the aforementioned

anomalies.

There are several thorough reviews on the chemical
composition of citrus oils, In 1970 Kefford and Chandler3

summarized the quantitative data, including terpeneless oils
and individual fmctions as well as total oils. In 1971 Ziegler4

examined citrus oils and retiewed important publications
on these oils. Shaw in 19795 reviewed the quantitative

wmfyses of complete citrus essential oils. Lawrencefi wrote
several compilations about the chemical compositions of

citrus oils,
Mm? recently Swaine and Swaine7 reported the quan-

titative compmitions of the most important citrus oils. Re-
garding the compositional data for hitter orange oil they said

“a~ain, one marvels at the wide range of data within one

aroma camp”. The pu~ose of this publication is to anafyze
the wide range of quantitative data reported within one

citms oil, and to investigate its possible muses.
One should keep in mind that all cold-pressed citrus oils

contain nonvolatile, concentration of which is normafly

below ,5%, with the exception of grapefruit and lime oils,
which may contain up to 7.5% ncmvolatiIes.5

Chemical Composition of Sweet Orange Oils

Generally accepted botanical name for sweet orange is
Citrws sinemk (L. ) Osbeck (family Rutaceae). Old botanical
narn es are C. aw-antium L. var. dulcis expwte, C. aw-antium

Risso ssp. sinensis, and C. wdgaris Risso. Within the species
C. ,sincnsi,$ (L.) Osbeck there are many horticultural vmiet-
ies, so ~alled cultivars. The most common cultivar of sweet

orange all over the world is Vdenctia (late).
Most in forrnatiun about ctdtivars of sweet orange has

been gained in the United States, where orange trees are
cultivated in California, Florida and Texas, One often distin-
guishes early-, mid- and late-season varieties. In Florida the

following cukivars are found: Hamlin (early-), Pineapple
(mid-), Vafencia (late season), Parson Brown, Conner’s

seedless and Temple. The varieties found in California are:
Hamlin (early-), Vdencia (late season), Washington (navel),
and Bahia (navel), In Texas one can find Hamlin (early-),

Marss (early-), and Vdencia (late season).
In Mediterranean ccmntries the most common cdti”w is

Vdencia (kite). Early- and mid-semm wuieties also CU1tivated

are: Sicily (Italy): Naveline (early), Stmguinello (mid-), Ode
(late), Tamcco and Mom. Israel: apart from the afonnen.

tioned early-, mid- and late-season wuieties, mainly Vafenci*,

a ~ical cultivar Shamouti is grown. (see Table I)
In South Africa Valencia (late), seedling- and na\,el-

wuieties are mostly cultivated. Little is known about the
varieties cdti”ated in South America (Brazil), USSR and the

Far East. When the cultivar is known it will be mentioned
here regarding its chemical compositions of the oils. For-
merly most sweet orange trees were grafted on the rootstock

of Citrus aurantium L., ssp. amara Engler, the bitter mmge

tree.

Monoterpenoida

According to some published data and our own studies

and investigations, the volatile part of cold-pressed sweet
orange oils consists of 97.0- 98.5% monoterpene hydrocar-
bons. (See Tables I-V).

The dominant monoterpenes are:

Wimonene 94. O-97.0%
myrcene 1.5-2.00/o

a-pinene 0.4-O.6”A
sabinene 0.3-0.80/.

Two recent publications, 7ghowever, reported that cold-

pressed Californian sweet orange oils contained 57.3% and
80. 1% total monoterpenes with 56.7% and 77.67. limonene

respectively (see Table II). It might be possible that only
Californian oils have low mmmterpene content. However

this appears strange, because in 1978 a USDA bulletin
reported that Cdifornim sweet orange oil contained 98.5%
monote~ene hydrocarbons, of which 95.8% is Iimonene.
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Table 1.The Chemicel Compoeltion of Iereell Sweet

Orenge Oile (1988)

Valencla-late Shamoutl
pe8k-area percentages

a-Thujene 0.004 0.006
a+inene 0.504 0.534
Camphene 0.003 0.003
Sabinene 0.295 0.804
p-~nene 0.042 0.077
Myrcene 1.86s 1.910
a-Phellandrene 0.040 0.043
&3-Carene 0,093 0.042
a-Terpinene 0.003 0.002
p-Cymene tr. tr.
Limonene 94.841 93.687
trans-&@imene 0.027 0.034
Terpinolene 0.029 0.019
Tot81 monoterpenes 97.266 97.192

Octanal 0,296 0.254
Nonanal 0.049 0.045
Decanal 0.246 0.292
(E,Z).2,4-decadienal 0.020 0.012
(E, E)-2,4-decadienal 0.006 0.0C6
Undecanal 0.014 0.013
Dodecanal 0.055 0.046
Total allph. aldehydes 0.78S 0.666

Octanol 0.073 0.025
Octyl acetate 0.007 0.005
Decanol 0.0Q5 tr.
Decyl acetate 0.027 0.035
Citrondlal 0.057 0.062
Neral 0,046 0.054
Geranial 0.079 o.09e
Petillaldehyde 0.013 0.023
Unalool 0.411 0.383
Terpinen-4-ol 0.035 0.002
a-Terpineol 0,048 0.034
Nerol o.coe 0.008
Geraniol 0.016 0.016
Citronellol tr. tr.
Neryl acetate 0.CQ8 0.009
Geranyl acetate 0.C05 0.006
a-Terpinyl acetate 0.C04 0,005
Citronellyl acetate Owl 0.004
1,6-Menthatienyl-l O acetate 0.012 tr.
Perillene 0.W6 o.ooe
citirans-Limonene oxides 0,025 0.025
&Elemene Owl 0.001
a-Cubebene 0.003 0.002
~-Elemene 0.021 o.ole

a-COpaene 0,0+31 0.001
Caryophyllene 0.020 0.025
p-COpaene 0.032 0,033
p-Famesene 0,010 0.022
a-Humulene 0.004 0.007
Germacrene D 0.011 0.019

a-Farnesene 0.097 0.255
&Sisabolene 0.006 0.013
p.Valencene 0.006 0.001

>Cadinene 0.020 o,oie

Nerolidol 0.009 0,007
Farnesols 0.003 0.004
p-sinensal 0.040 0.056

a-Sinensal 0,025 0.030
Nootkatone 0.021 0.032

The variation in the concentrations of the total terpene

hydrocarbons and especially in those of d-limonene may be
due to the deterioration of the orange oil,

Recent analyses have been carried out with cold-pressed
sweet orange oils from the cultivars Valencia (late) and mid-
season (prohahly Pineapple) growing in Florida. 13-15Detaded
results are shown in Table 111. The average concentration

of the monoterpene hydrocarbons was 98. 12Y0, from which

d-limonene was 95.64%. The total amount of oxygenated
products accounted for 1,4-1.5%, including octanal (esti.
mated as 0.3%), which in 2 cases did not separate from

mycene in the GC analysis. The total concentration of 4
sesquiterpenes was 0.12%.

The gas chmmatogram of the hydrocwbon fraction
showed at least 9 peahs of sesquite~enes, of which tentative

identities on retention times could include ~-elemene, a-

Teble Il. Quentltstive Chemical Composition of

Celifornle Cold-pmeeed Sweet Orenge Oile

USA-SUII. Ref.8 Ref.7
77e (1976) (19S2) (lees)

Ethyl buiyrate 0.004
a-Pinene
&Rnene

0.52 0.44 0.513
0.031

Sabinene 0.38 -0.12
Myrcone (1.73) - 1.s90
Phellandrene 0.10 - -
&UmOnene 95.79 56,74 77.600
y-Te~inene 0.031
p-Cymene 0.018
Total Monoterpwws 66.s2 57.3 30.085

Hexanal 0.004
(E)-2-Hexenal 0.002
Octanal (;.30) : 0.1s6
Nonanal 0.03 - 0.032
Decanal 0,26 0,202
Dodec8nal 0.05 - 0.026
Total Allph. Aldehydes 0.64 - 0.4S2

Hexanol 0.002
Octanol 0.012
1-Octen-3-01 tr. -
Citronella O.C-t - 0.052
Neral 0.04 - 0,052
Geranial 0.C6 - 0.046
Total Terpene Aldehydes 0.14 - 0.152

Unalool o.2e - 0.228
a-Terplneol 0.046
Geraniol 0.007
Total Terpene Alcohole 0.28 - 0.281

Carvone 5.40 0.009
$-caryophyllene 0,02 0.027
p-COpaene 0.02 - -
&Farnesene 0,02 - -
Valencene 0.08 - o.mJ7
&Sinensal 0.05 - -
a-Shensal 0.02 - -
Nootkatone 0.012
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cubebene, a-copaene, y-muurolene, a-humulene and &

cwiinene. With respect to the concentration of valencene

(0.05%) the total concentration of sesquitewene hydrocar-
bons codd well he 0,2%. The concentration of the

sesquite~enoids cr$sinensal and nootkatone was 0,06-
().08% The mid-season variety contained less oxygenated

compounds, namely 1.0-1.1!%, than the late-season variety
1.3-1.4%.

The chemical composition of cold-pressed sweet orange

oil (cultimr Valencia-late) from Israel, Italy and Spain can
well be compared with the oil from USA-Florida (see Table

IV). Arms et al, 10studied tbe chemical composition of S,-

cilian sweet orange oil from V61encia fruits, cultivated on
trees with different rootstock (see Table VI). They found
that the total concentration of monoterpene hydrocarbons

in the volatile part of tbe oils accomted for 98.1% cd’the oil,
from which 95,3% was d-limonene, The total concentration

of oxygenated compounds was 1.6%,

It should be noted that no oxygen-containing

Table Ill. Quantitative Chamical Composition of

USA-Florida (Valencia-lata) Cold-pressad

Sweat Orange Oils

Ref.13 Fief.1 4 Raf.15 Average
(1983) (t9ae) (1987)

a- finene 0.42 0.46 0.47 0.45
Sabinene 0.24 0.27 0.2s 0.26
Myrcene (1 .56) (1 .74) 1.a6 1.70
Phellandrene 0.05 0,04 0.05 0.05
&LimOnene 95.17 96.oa 95.66 95.65
Total Terpenas 97.44 98.59 98.32 98.11

Oetanal (0.30) (0.30) 0.34 0.31
Nonanal 0.02 0,06 0.05 0.04
Decanal o.2a 0.24 0.26 0.26
Undecanal 0.02 - 0.02 0.02
Dodacanal 0,07 0.05 0.07 0.06
Total AUph. Aid. o.e9 0.65 0.74 0.69

OctanOl 0.03 0.03 0.05 0.04
Octyl acetate 0.01 - 0.03 0,02
Citronella 0.05 0.05 0.05 0.05
Neral 0,07 0.08 0,09 0.06
Geranial 0.10 0.12 0.11 0.11
Perillaldehyda 0.01 0.01 0.01
Total Terpana Aid. 0.23 0.25 0.26 0.25

Unalool 0,25 0.23 0,29 0.26
a-Terpineol 0.03 0.02 0.05 0.03
Total Terpene Ale. 0.28 0.25 0.24 0.29

p-Ca!yophyllene 0.02 0.03 0.02 0.02
b-COpaene 0.02 0.02 0.02 0.02
D-Farnesene 0,02 0.02 0,02 0.02
Valencene 0.05 0.05 0,06 0.06
Total aasquitarp. 0.11 0.12 0.12 0.12

&Shensal 0.03 0.04 0.04 0.04
a-~nensal 0.02 0.02 0.02 0.02
Nootkatone 0.01 0.02 0.01 0.01

sesquiterpenoids were analyzed. Little attention has been
paid to tbe concentration of &3-carene in orange oils, This

constituent, which may be present up to 0,270, is rather

characteristic for sweet orange oil, especially Brazilian. Since
sweet orange terpenes often are used to compound other
citrus oils, e.g. lemon oil, the content of &3-carene in these

oils can be an indication of reconstitution.9

Allphatic Compounds

Straight chain aliphatic compounds with 1 to 16 carbon

atoms have been found in sweet orange oils. Lower aliphatic
aldehydes (C-1 to C-6) are important in omnge juice, for its
fresh, sappy and juicy organoleptic quality. Higher alipbatic
aldehydes (C-8 to c-12) are cba.ratter-impact constituents

of sweet orange oils. Especially imporkmt components are
n-octanal and n-decanal.

Table IV. Quantitative Chamlcal Composition of
Valancia-lata Cold-pressed Swaat Orange Oils from

Diffarent Origins

Our investi-
USA-Fla Raf. 4 gations (Raf.2)

(1SS3-1967) (1971) Spain Italy Israal

a-Pinene 0.45 0.61 0.54 0.52 0.50
SaMnene 0,26 0.13 0.26 0.40 0,30
Myrcene 1.70 2.0 1.s5 1.s0 1,87
Phellandrene 0.05 - 0.07 0,07 0.05
d-hmonene 95.65 92.86 95.59 95.24 94.34
Terpinolene 0.12 0.06 0.07 0.03
Total Terpanes 98.11 95.72 SS.56 98.3o 97.27

Octanal 0.32 0.16 0.15 0,13 0.30
Nonanal 0.04 0.17 0.07 0.06 0.05
Decanal 0.26 (0.73) 0,125 0.13 0.35
Undecanal 0,01 0,22 0.005 0.005 0.015
Dcdecanal 0.06 0.10 0.02 0,015 0.055
Total Allph. Aid. 0.69 - 0,37 0.36 0.77

Octanol 0.04 - 0.16 0.16 0.07
Octyl acetate 0,02 0.005 0.01 0,01
~tronellal 0.05 0.29 0.03 0.03 0.06
Neral 0.08 0.21 0.02 0,03 0.05
Geranial 0.11 0.1s 0.04 0.05 0.0s
Petillaldehyde 0.01 - 0.02 0.01 0.01
Total Tarp-me Aid. 0.25 0.66 0.11 0,12 0.20

Linalool 0.26 0.62 0.39 0,35 0.41
a-Terpineol 0.03 0.03 0.03 0.05
Nerd 0.005 0.01 0.01
Geraniol 0.005 0.02 0.02
Total Terpene Ale. 0.29 - 0.43 0.43 0.49

&Cafyophyllene 0.02 0.13 0.03 0.04 0.02
p-COpaene 0.02 0.02 0.02 0.03
$-Farnesene 0.02 - 0,03 0.02 0.03
Valencene 0,06 0.22 0.08 0.10 0,10
6-Cadinane 0,11 0.02 0.02 0.02
Total Sesqullerp. 0.12 0.45 0,20 0.20 0.20

LKil.ensal 0.04 0.07 0.01 0.02 0.04
a-Sinensal 0.02 0.06 0,005 0.01 0.025
Nootkatone 0.01 - 0,005 0.01 0.02
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rable V. Quantitative Chemical Composition of Italien

Sicily) Sweet Orenge Oile. Valentia-late Cultivated on

Different Root Stdcke

(10 enelyeee, ref.11)

a-Thujene 0,003- 0.005%
a- Phene 0.416-0.454
Camphene trace -0.003
Sabinene 0.374-0.715
l?-Pinene 0.020-0.042
Myrcene 1.641-1.693
a-Phellandrene 0,050-0.100
&3-Carene 0,008-0.047
Limonene 94.990-95.590
yTerpinene trace -0.009
Teqinolene 0.001-0,015
Octanal 0.250-0.350
Nonanal 0.031-0.061
Oecanal 0.205-0.327
Citronella 0.039-0.060
Neral 0.060-0.081
Geranlal 0.075-0.104
Octanol trace -0.008
hnalool 0.515-0.745
a-Terpineol 0,045-0.057
Nerol + Gtronellol 0.005-0,025
(Xronelyl acetate trace -0.002
Neryl acetate trace -0.007
Geranyl acetate 0.002-0.011
Caryophyllene 0,010-0.021
a-Humulene trace -0.006
Valencene 0.010-0.087
!3-6isabolene 0.010-0.018

A lot of work has been carried out to quantitate the

aliphatic aldehydes in orange oil. Formerly the total car-
bonyl-content was determined, often cafcukited as decimal.
Nowadays individual afdebydes are qfiantitated by g~ chro-
matography on fused silica capilla~ columns with suitable

stationary phases. Up to 1980 it was assumed that decanal
was the most prominent tdiphatic ahlehyde in orange oil, and

that octanal averages approximately 70% of the decanal-
value.5 By improved methods it is now known that octand is

the dominant ddehyde and that decanaf approximates 80-
90% of the octand vafue. 1] Octanal and decanal together

have been qwmtitated at 0.5- 1.0 % in sweet orange oil.
Nonmaf, undecanal and dodecanal together lmve been

found to total 0.1-0.2%, with cfodecmd being the most
dominant. Some straight chain unsaturated (idiphatic) dde-
hydes also have been detected in sweet orange oil. (E, E)-

2,4-decadienal maybe the most importmt.
In 1970 Lifshitz et al.10examined the cxmcentmtion of al

dehydes in Floridian and Chfifomian orange oils. They found
that Florida oils contained a higher concentration (1.51?.) of

afdehydes than Californian oils (1,165%) (see Table VI). A
more thorough investigation of the quantitation of individual

and total c~bonyls in cold-pressed orange oils was carried out
hy Wilson and Shaw. 1LFrorn their remits it is clear that the

Floridian oils Valencia late (1,51%) and mid-seamn (1.155?6)

contain bigher cxmcentratkms of carhonyl compound~ than

Californian navel oil (0.665%) (see Table VI).
In 1974 Shaw and Colernan12 studied the chemical com-

position of cold-pressed orange oils produced in early -
(Hamlin and Parson Brown cultivars), mid- (Pinettpple cul-

Table V1. Quentitetive Composition of Cerbonyl Compounde in Cold-press6d Orange Oile

Ref. 11 Ref. 12

Florida Callf. Valencla Mid-season California
% % late % % navel %

cctanal 0.54 0.35 0.393-0.505 0,342-0.374 0.150-0,172
nonanal 0.09 0.06 0.069-0.075 0.057-0.060 0,022
decanal 0.63 0.57 0,375-0.415 0.277-0.338 0,131-0,142
undecanal 0,01 0.02
dodecanal 0,08 0.09 0.080-0.083 0.055-0,067 0.030-0.034

aliph.ald. 1.35 1.09 0.867-1.073 0.731-0.849 0.333-0.370

citronella 0.090-0.094 0.055-0.060 0.064-0.081
nem 0.02 0.015 0.072-0.073 0.064.0.065 0.045-0.062
geranial 0.14 0.06 0.120-0.180 0.113-0.114
petillaldehyde 0.033-0.040

0.060-0,104
0,029-0,031 0,013-0,017

terp aid. 0.16 0.075 0.315-0.367 0.261-0.270 0.202-0.264

p-sinensal 0.056-0.081
a-sinensal

0.047-0.048 0.019-0.026
0.037-0.060 0.034 0.016-0,024

nootkatone 0.024-0.051 0,015-0.035 0,043-0,045

TOTAL CARBONYLS 1,51 1.155 0,665
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1

Table V1l. The Chemical Composition of DHferent

Cultivars of US.Florida @ld pmsSed

Sweet Orange One (13)

early se3s0n
Hamlin

Parson-Brown

r+inene D.54
Myrcene 2.08
Limonene 95,37
Decanal 0.24
Dodecanal 0.03
Citronelkl 0.10
Neral 0.06
Geranial 0.12
Perillaldehyde 0.02
Linalool 0.25
&Elemene 0.05
&Cafyophyllene 0.04
p.Farnesene 0.01

Valencene 0.04

&Sinensal 0.07
a-sinensal 0.02

Pineapple

0.46-0:54
2.02-2.05

94.87-95.20
0.30-0.39
0.04-0.06
0.104.12
0.05-0.08
0.14-0.17
0.02-0.03
0.48.0.62
0.05.0.06

0.07
0.02

0.09-0.12
0.07

0.02-0.04

late-season

Valencia

0,50-0.62
1.78-2,18

94.71-95.24
0.35-0.46
0,05-0.07
0.12-0.20
0.05-0.09
0.12-0,17
0.02-0.03
0.46-0,56

0.04-0.06
0.07-0.09

0.02
0.07-0.15
0,07-0.13
0.02-0.06

I tivar) and late season (Valencia cultivar) (see Table VII ),The

a-?inene
&Pinene
Sabinene
Myrcene
c#LimOnene
y-Terpinene
pCymene
Decanal
Cltronelfol
Linalool
Linalyl acetate
Sornyf acetate
ct-Terpineol
Neral
Geranial
Nerol
Geraniol
Camphene
1,8-Gneole
Octanal
Nonanal
CitrOnellal
Citfonellyl form.
Citronellyl acetate
Isopulegol
Geranyl fon’nate
Te!pinen-4-ol
Nootkatone

total concentration of oxygenated compounds in early
(0.81%), mid (1.42%) and late (1.51%) season oils have been
found. It is a pity that the concentrations of ectand, nonanal

and undecand were not confirmed in this investigation.
The variation in the concentrations of the oxygenated

constituents in orange oils may be due to:

● the existence of different cultivars

● ecological and cli nmtologicd circumstances
● technical, mainly analytical, reasons.

It may he possible that tbe total concentrations of dde-
hydes in citrus oil, determined with classical (wet) methods

are too high, whereas the calculation of total peak area

percentages determined with modern gas chromatography
is tm low. According to Lawrences the difference in oxy-

genated constituents between early- and mid/late season
may be correlated with the fioding that early-season oils

possess a slightly lower senscmial impact than mid-or late-
season oils.

Chemical Composition of Bitter Orenge Oils

The botanical name of the bitter orange is Citrus

aurantium L. ssp. amar. Engl. (family Rutaceae). From the

Table Vlll. Chemical Composition of Sitter Orange Oiis

According to the Pubiiehed Data

(19AW) (19:2) (l:n) (1:8)
0,36-1.25 0.36-1.25 0,36-0.45
0.03-6.15 0.03-6,15 0.9-5.5 0,03-3,63
0.05-1.25 0.05-1.25 0,05-0.77
1.90-2.10 1,49-2.10 1,49-1.72
48.4-96,9 48.4-96.9
0.07-8.76

74-86 S7.3-96,9
0.07-8,26 0.07-5.99

0.s3 tr.-O.83 tr.-O.S3
0.41 tr.-0,4l tr.-O.72
1.10 tr.-O.55 tr,-O.55

12,85 tr.-l2.85 tr.-i .06
9.72 tr.-9 .72 tr.-O.26
0.15 tr.-0.l5 tr.-o.l5

0.03-3.07 0.03-3.07 0,2-0.3 0.03-0.17
1.75 tr..i .75 tr.-O.l2
2.58 tr.-2 .56 tr.-0.3l
0.30 tr.-O.24 tr.-O.O6
0.52

0.40-0.90
0.S0-8.10
1.40-2.20
0.10-0,40
0,30-0.40
0.10-1.10
0.20-0.60
0.30-0.40
0.30-0,60
0,30-0.40

0,01

tr.-O.52 \r,
0.4-0.9
0.S-6.1
1.4-2.2
0,1-0.4
0.3-0.4
0.1-1.1
0.2-0,6
0.3-0.4
0.3-0.6
0.3-0.4

0.01

(1:7)

0.86-5.50

1.60-10.90
73. S-66,2

0-0.99

0-1.08
0-0.48

0.27-0.69
0.77-6,90
0.33-2.17
0.12-0.40
0.30-0.40
0.0S-1 .08

0-0.61
tr.-0.4l
tr.-O.57

A. is according to Swaine & Swaine7 taken from Lawrencee
B. is accordng to Lawrencee taken from Ortiz et al, t7, including bergamote oil
C. is according to Shaw6 taken from Maekawa et al.16
D. real data from Ortiz et al.i7 without bergamot oil,
E. real data from Maekawa et al. ie

—
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I Critical Review on the Chemical Composition of Citrus Oil II

species C auvantium, alSO ~alled the SOUI O~ange grOup,
over 30 subspecies, cultivars or varieties exist .18The sub-

species herg:ImOt and ama~a are the mOst impO~~t and
from the latter the cultivm Seville is well-known.

Relatively little quantitative daba on the chemieal compo-

sition of bitter orange oils Imve been reported.1722 The
publications of Maekawa[7 and (htiz et al.[s have been cited
most;r (See Table VIII). Misinterpretation of these publica-

tions can lead to very confusing cikations. Swaine & Swaine7

Table IX. Chemical Composition of

Mediterranean Bitter Orenge Oile

According to Our Investigations (Ref. 21 )

SPAIN ITALY

a-Thujene
a-~nene
Camphene
p-flnene
klyrcene
a-Phellendrene
Limonene
y-Terpinene
Terpinolene

Octanal
Nonanal
Decanal
(E,Z)-2,4-decadienal
(E;E)-2,4.decadenal
Undecanal
Dodecanal
Tddecanal
Tetradecanal
Total aliph, aldehydes

Octanol
Octyl acetate
Decanol
Decyl acetate
Myrlenal
Citronella
Neral
Geranial
Perillaldehyde
Total terpene aldehydes

tinalool
Terpinen-4-ol
a-Terpineol
Nerol
Geraniol
Citronellol
Nery acetate
Geranyl acetate
pMentha-1 ,8-dienyl-l O acct.
Cawone
Umonene oxides
Total sesquiterpenes

a-Sinensal
~-3inensal
Nootkatone

1987 1987

0.001 0.016
0.447 0.592
0.005 0.010
0.295 0.900
1.806 2.073
0.019 0.015

94.336 92.430
0,121 0.103
0,099 0.094

e6.e6 S6.83

0.130
0.052
0.137
0.001
0.005
0.010
0.017
0.005
0,020
0.376

0.164
0.051
0.009
0.022
0.014
0.009
0.021
0.034
0,014
0.092

0.284
0.152
0.001
0.567
0.005

0,001
0.026
0.133
0.011
0.001
0.011
0.280

0.011
0.082

0,239
0,106
0,193
0.004
0.006
0.010
0.033
0.01 i
0.029
0.531

0,171
0.010
0.010
0,022
0.010
0.016
0.055
0.090
0.019
0.190

0,775
0.371
0.001
0.061
0.010
0.015
0.001
0.033
0,094
0,010
0.001
0.010
0,180

0,001
0.001
0.029

for example recently published the chemical composition of

bitter ormgeoilaccxmlingtoareviewof Lawrence! which was
partly according to a review of ShawJ and partly from the

publication of Ortizet d. Shawinhis review summarized five
analyses from Maekawa. LawrenceG published the detailed
analyses of Maekawa and at the same time the summarized
results of Shaw that concern the same analyses.

Some mistiakes occurred in the interpretation of the same
figures. The second part of Table VIII hy Swaine and

Table X. The Chemical Composition of Seville Sitter

Orenge 0111984-1990
(7 eemples)

range of peak

aree percentegee

a-Rnene o.2e7 -0.447
Camphene 0.001-0.011
Sabinene 0.124-0.150
p-finene 0.295-0.390
Myrcene 1.596-1.806
a-Phellandrene 0.001-0.006
Limonene 91.545-93.70
cis-Ocimene 0.001-0.005
trans-Ocimene 0.160.0.361
y-Terpinene 0.001-0.011
Terpinolene 0.001-0.134
Octanal 0.041-0.150
Nonanal 0.010-0.052
Decanal 0,115-0.200
Undecanal 0,005-0.011
Dodecanal 0,015-0.036
Octanol 0.001-0.037
Octyl acetate 0.010-0.053
Decanol 0.005-0.017
Decyl acetate 0.005-0.038
Citronella 0.001.0.009
Neral 0.005-0.022
Geranial 0.026-0,067
Petillaldehyde 0.005-0.019
hmonene oxides 0.001-0.024
Camphor 0,001-0.005
Car-done 0,005-0.024
Unalool 0.099-0.216
Terpinen-4-ol 0.001-0.005
a-Terpineol 0.269-2.935
Nerol 0.005-0.042
Geraniol 0.010-0.232
Unalyl acetate 0.192-0.817
a-Terpinyl acetate 0.005-0.034
Neryl acetate 0.019-0.049
Geranyl acetate 0.129-0.201
hmonyl.1 O acetate 0.005-0.020
6-Elemene 0.024-0.055
p-Elemene 0.005-0.025
&Caryophyllene 0,066-0,144
c.-sisabolene 0.005-0.024
ct-Humulene 0.025-0.043
Germacrene D 0,084-0.140
Nerolidol 0.096-0.230
Farnesols 0.005-0.020
Nootkatone 0.046-0.387
a-3elinen0ne 0.005.0.022
Osthol 0.018-0.270
Meranzin (2 isomers) 0.090-0.018
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Composition of Citrus Oils

Swaine, according to the review of Lamence, taken froms.
public.tion of Ortiz, et id., not only represents bitter orange

oils, but also bergamot peel oil. That is the reason for the very
low concentration of d-limonene (48.42%) and the higher

concentration oflinalool (12.85%) andiindyl acetate (9.72%).

Monoterpenoids
In 1971 Ziegler4 mentioned that contrmyto sweet orange

oil, tbe bitter orange oil, among its terpenes contains also ~-
pinene, y-terpinene and p-cymene. Moreover he wrote that

bitter orange oil amongst the arommtic compounds contains
Iindyl acetate and some linahwl, and that the former is

particularly chamcteristic and often missing in adulterated
products, Shaw;5 in 1979, mentioned that relatively little

quantitative data on bitter orange oil has been reported, and
that it appears that bitter orange oil contains higher quanti-

ties of the following compounds than sweet orange oil:

myrcene and a-pinene (in one sample), mmmd, octamal,
citronellyl acetate and formate, geranyl formate, linzdyl

acetate and 1,8-cineol.
Maekawa et al,]~ found 0,77-8,9% of 1,8-cineol in their

bitter orange oils and mentioned that this was an organolep-

tic characteristic constituent of bitter orange oils. Howewr,

up tOI1OW,nobody else has detected this compound in bitter
orange oils. The chemical composition of Spanish and Ital-
im bitter orange oil bas been studied in detail.z (See Table

[X). The difference in the concentration of some monoter-
pene hydrocarbons and oxygenated compounds maybe due

to differences in clirnatological circumstances.

Seven samples of Seville hitter orange oils have been
analyzed. The ranges of the concentrations of the volatile

constituents are presented in Table X, As bitter orange peels

Table Xl. Chemical Composition of Steam Dietilled
Sitter Orange Oile (Ref. 20)

Wring Immatura Ftipaning
Fruits Fruits Fruits

a-F7nene 0.38 0.43 0,55
Camphene 0.01 -
lW7nene 2.38 0.14 0,11
Myrcene 1.69 I .az 2,25
hmonene 46.19 95.45 92.6a
Ocimene 10.01 0.26
a-Terpinene 0.16 0.13 -
para-Cymene 0.01

Monotarp. hydrocarbons 60.83 98.35 95,59

Epoxy linalool 1.30 0.93
Unalool 25.23 0.38 -
tinalyl acetata 4,50 0.03 0.12
ct-Terpineol 2,63 0.21 0.16
Nety acetate 1,35 0.10 0.41

Geranyl acetate 1,33 0.13

Monoterp. O-derlv6tives 36.34 1,78 0.69

Oecanal 1.63
Total aldehydes (as C-1 O) - 2.2
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are rather acidic (pH 2.5-4) some constituents partly decom- straight chain aldehydes appemed in a total cuncentmtion of
pose during isolation,z] .22 0.4-0.7%. These diphatic ddehydes are important for the

It has heen long known that the oil isolated from setting orgtmoleptic quality of the oil, It was found that the concentra-
hitter orange fmits, so-called petitgrtins or orangettes, con- tion of the aldehyde increases during ripening, from 0,5-0.7%.
tain over 50% Iinalool and Iindyle acetate, whereas the peel
oil from ripe fmits contains more than 90% Iimonene (see Chemical Composition of Lemon Oils
Table XI). It may be concluded that during ripening the The botanical name for the lemon tree is Citrus limonum

Iindyl derivatives are converted into limonene, (L.) Burro. (family Butmeae). The cultivars Eureka and

Aliphatic Compounds
Lisbon are the mo>t important varieties. There are several

Thirty afiphatic compounds have been detected in bitter
qwantibative analyses of the chemical composition of cold-
pressed lemon oil, [-8 2326 The most complete analyses have

XI21 ~mong which 20 saturated and unsaturatedomnge od, been carried out by Staroscik and Wilson (see Table XII).

Table X11. Chemical Composition of U.S. Coid-pressed Lemon Oils from California and Arizona (Ref. 25, 26)

USA California (coastal) ._Arizona (desefl-like~

average early mid late early mid late

a-Thujene 0.38 0.45 0.44 0.44 0.34 0.36 0,35
a-Phene 1.72 2.11 2.14 2,15 1.41 1,50 1,49
Camphene 0.05 0.07 0.08 0.07 0,03 0.03
Sabinene

0.03
1,65 2,48 2.61 2.66 1,09 1,11

B-Pinene
1.17

10.13 5,62 17.29 6.58 5.36 6.07 6.44
Myrcene 1.50 1.28 .22 1.33 1.77 1.74 1.74
a-Phellandrene 0.04 0.04 0.04 0.04 0.04 0.04 0.04
&3-Carene 0.004 0.004 0.004 0.006 tr. tr. tr.
a-Terpinene 0.32 0.32 0,32 0.28 0.26 0.27 0.26
p-Cymene 0.04 0.03 0.03 0.03 0.02 0.02
Limonene

0.03
68.72 60.36 58.47 59,92 78.46 75.74 76.30

y-Terpinene 6.55 9.7s 9.74 9.39 7.s0 8.03 7,90
Terpinolene 0.39 0.39 0.36 0,36 0,37 0.36 0.35
Terp, hydrocarbons 93,53 92.97 92.76 93.28 S4S9 95.27 95.10

Heptanal 0.004 0.004 0.004 tr. tr. tr.
Octanal 0.07 0,14 0.14 0.10 0,04 0.09 0.09
Nonanal 0.12 0,21 0.27 0.21 0.06 0.06 0.06
Decanal 0.04 0.07 0.07 0.05 0.02 0.05 0.06
Dodecanal 0.02 0.03 0.03 0.02 0.007 0.01 0.02
Allph, aldehydes 0.25 0.454 0.514 0,384 0.127 0,21 0.23

Methylheptenone 0.002 tr. tr. tr. tr. k tr,
Octanol 0.01 0.02 0.02 0.03 0.03 O.QI 0,01
Octyl acetate 0.004 0.006 0.007 0.004 tr. 0.002 0,003
Nonyl acetate 0.008 0.02 0,02 0.01 0.002 0.002 0,002

Utronellal 0.07 0.09 0.08 0,08 0.06 0.06 0.06
Neral 0.76 0.74 0.89 1,07 0,84 0,54 0.41
Geranial 1,22 i .21 1.44 1.70 1.26 0.88 0.68
Terp, aldehydes 2.05 2.04 2,41 2.85 2.18 1.48 1.15

Carvone 0.007 0.006 0.006 0.006 0,007 0.007 0.007
Lina1001 0.14 0.13 0.15 0.21 O.zti 0.12 0.09
Terpinen4-ol 0,14 0,07 0.16 0.10 0,06 0.06 0.05
a-Terpineol 0,22 0.17 0.27 0.26 0.23 0.13 0.09
Nerol 0.04 0,02 0.04 0.04 0.05 0.02 0.02
Geraniol 0.04 0,03
Citronellyl acetate

0.05 0.04 0.02 0.02 0.03
0.02 0.03 0.02 0.01 0.01 0.03 0.04

Neryl acetate 0.50 0,51 0.57 0.60 0.32 0.51 0,55
Geranyl acetate 0.43 0.61 0.72 0.61 0.15 0.21 0.24
Terp.alc.lesters 1.53 1.57 1.98 1,87 1 ,J4 1.10 1.07

Caryophyllene 0.24 0.23 0.23 0.26 0.27 0.22 0,21
tr.a-Bergamotene 0.37 0.40 0.40 0.35 0.34 0.42 0,41
a-Humulene 0.02 0.02 0.02 0.02 0.02 0.02 0,02
p-~sabolene 0,56 0,62
Sesquiterp+nes

0.62 0.53 0.50 0.62 0,61
1.19 1.28 1.27 1,18 1,13 1.28 1.25
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Table X111.Total Monoterpenes in U.S. Cold-pressed
Lemon Oils from Csllfornis snd Arizons (Ref. 23)

California Arizona
a-Hnene 1.8%
L1-Wnene

2.0%
13.0 6.5

Sabinene 1.9 1.0
Myrcene 1.1 2.1
timonene 72.2 79.6
y-Terpinene 10.0 8.6

In 1962 Ikeda et d.23 noticed the variation in the con-

centration of the individual monoterpene hydrocarbons in

cold-pressed lemon oil from different areas in the USA. (see
Table XIII). Ziegle# mentioned that lemon oil contains a

cetiain quantity of ~-pinene, and that during storage they-
terpinene content decreases, wherein the p-cymene content
increases.

Sha# stated that the quantitative composition of lemon

oil differs substmtidly from that of orange, grapefruit, and
mmdarin. He wrote that Iimonene is still the major hydro-

carbon, but generally in lower quantify than in other oils. On

the other hand, certain other hydrocarbons, especially ~-
pinene and y-terpinene, are generally found in much greater

quantities. However, there is a wide variation in values
reported for all three of these monoterpenes, which we the
main components of most lemon oils.

Nowadays if one makes a comparison of citms oils with
respect to their monoterpene hydrocarbon content, espe-

cially with regard to the concentration of Iimonene, one

arrives at two groups; the first group with sweet orange,
bitter orange, grapefruit and tangerine oils with Iimonene

contents over 90%; and a second group with lemon, mimda-
rin and lime, with limonene-contents of40-SO% and higher

concentrations of y-terpinene and ~-pinene. It has been
repwted that there exists a relationship between the con-

centration of certain components and its optical rotation in
lemon oil. Zieglerd mentioned that a relationship was found

between optical rotation and the contents of citrd and
aldehydes. Stamscik and Wilson’s found in coastal and desert
lemon oils the variation in the relative amounts of ~-pinene

andlimcmene as most apparent. These two hydrocarbons are

the rmin contributors to the optical rotation displayed in
lemon oil. They wrote that the characteristically lower tmgw

Iar rotations of coastal lemon oils are undoubtedly due to
much greater percentage of Kpinene in those oils. The

optical rokation and concentration of some importmt con.
stituents according to Staroscik & Wilson are shown below

coastal Desett

early. mid- lats- early- mid- Iate
Season Ssason

optical rOtatiOn +54.S +51.0 +53.6 +74.5 +73.9 +73.8
p-pinene 15.62 17.29 16.5S 5.2a 6,07 6.44
Iimonene 60.36 5S.47 59.92 76.46 75.74 76.30
citral 1.95 2.33 2.77 2.12 1.42 1.09

total aldehydes 2,49 3.07 3.23 2.31 1,72 1.41
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Taking into account the optical rotation of pure d-li- . there is a relationship between optical rotation, and
monene, + 126, andofpure &(3-pinene, + 22, one may arrive between citral and total aldehyde-content, especially
at the following conclmions: in mid- and late-season lemon oils in such a way that a

● the lower rotation of coastal lemon oils are due to the lower optical rotation, due to a lower limonene-
lower concentration of d.limonene and as a conse- content, corresponds with a higher citrd and afdehyde
quence of the higher concentration of &~-pinene, content.
according to Staroscik and Wilson. According to Staroscik and Wilsonzz the mmmtewene

Table XIV. Chemical Compoeltion of Mediterranean Lemon Oiiez

Italy (1 987) Israel

SiClly

Spain (Andalucia)

Calabria (1988) (18S7) (19sa) (1 990)(5X)

a-Thujene 0.24 0.42 0,37 0,35 0,40 0.27-0,43
a-~nene 2.0s 1.89 1.65 1.58 1.78
Camphene 0.21

1.23-1.94
0.06 0.05 0.07 0.07

Sabinene
0.04-0.07

1,70 1.50 1.52 1.29 1.77 1.21-1.93
p-Flnene 12.17 13.20 8.57 8.91 11.08
Myrcene 1.16

9,77-12,41
1.64 1.63 1.93 1.52 1.?4-1 .55

u--Phellandrene 0.10 0,07 0.04 0.10 0.10
&3-Carene 0.07 0.01 0.01 0.01

0.01-0.10
0.01 0.01

a-Terpinene 0.17 0.16 0.16 0.17 0.21 0.19-0,20
pCymene 0.10 0.01 0.20 0.07 0.01
LimOnene

0.18-0,58
67.58 65.57 71.82 70.38 67.21 65.06-67.65

trans-Ocimene 0.01 0.28 0.14 0.59 0.59 0.10-0.60
~-Terpinene 6.98 9.37 7,83 e.72 9.47 9.67-10.55
Terpinolene 0.39 0.38 0,34 0.46 0,50 0,41-0.46

Terpene hydrocarb 92.33 94.31 94.42
Octanal 0.17 0.075 0.055 0.09 0.07
Nonanal 0.09 0.09 0.11 0.12

0.03-0.06
0.16

Decanal 0.055 0.05 0.035 0.03
0.06-0.13

0.03
Undecanal

0.05-0.07
0.03 0.01 0.02 0.015 0.01 0.01-0.02

Dodecanal 0.01 0.025 0.005 0.03 0.02 0.01

Octanol 0.02 0,02 0.02 0.03 0.03
Octyl acetate 0.01 0,01 0.01

0.01-0.03
0.01 0.01

Nonanol
005-0.01

0.01 0.01 0.01 0.01 0.01 0.005
Nonyl acetate 0.01 0.01 0.01 0.01 0.01 0.01-0,02
Decyl acetate 0.01 0.01 0.01 0.01 0.01 0.005-0.01

Citronella 0.07 0.09 0.08 0.09 0.12
Neral

0.06-0.14
1.23 0.71 0.74 0.57 0.88 0.54-1.06

Geranial 1.6S 1.21
Perillaldehyde

1.1s 0.95 1.57 0,86-1.77
0.05 0.05 0.02 0.04 0.02 0.02-0.03

Unaloo 0.85 0.08 0,11 0,11 0.0s
Terpinen-4-ol

0.08-0,12
0.03 0.03 0,03 0,02 0,03 0.06-0,10

a-Terpineol 0.18 0.15 0,17 0.17 0.10 0,41.0.84
Citronellol 0.02 0.03 0,02 0,01 0.01 0,01
Nerol 0.07 0.06 0,04 0.02
Geranio

0.02 0.01-0.16
0.27 0.11 0,04 0.05 0,05 0.01.0.12

Citronellyl acetate 0.02 0.03 0,01 0,02 0,01 0,01-0.03
Nery acetate 0.35 0.42 0,32 0,26 0.27

Geranyl acetate 0.23 0.55 0,20
0.50-0.63

0.26 0.25 0.47-0.70

&Elemene 0.01 0.01 0.02 0,01

cls-a-Bergamot,

0,01 0.01-0,03
0.02 0.03 0.03 0,04 0,04 0,03-0.04

Caryophyllene 0.13 0.20 0.24 0,20 0,1s 0.20-0,28
tr.-a-Bergamot. 0.20 0.40 0.39 0.42 0.39 0.46-0,53
cis-p-Farnesene 0.02 0.03 0,03 0,04 0,02
m-Humulene 0.01 0.03 0.02

0.04-0.06
0,02 0,03 0,03-0.04

tr.p-Farnesene 0.03 0.04 0.02 0.05 0,03 0,03-0.04
Valencene 0.03 0,09 0.02 0,06 o.oe
L3-msabolene 0,31 0,64 0.66 0.66

0.03-0,16
0.65 0,66-1.00

Nootkatone 0,01 0,03 0.005 0.02 0.02 0.01-0,03
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hydrocarbon fraction can vary a lot in the concentration of

the individual monote~enes, for example:
● Iimonene from 58-77%

● ct-pinene from 2.2-1.4%

“ B-pfnene frOm 17.3- 5.4%
● sahinene from 2.7.1. IC%

These fluctuations are mainly due to climatological influ.
ences,

The concentrations of the aliphatic and monotewenoid

aldehydes and the alcohols and esters are important for the

organoleptic quality of cold-pressed lemon oil. As can he
seen in Table X also, the concentrations of these groups of

compounds will vary, depending on the growing area of the
lemons.

Fonnacek and Kuheczka8 showed that a selected oil of

lemon, possessing a decomposed m rancid aroma note,
contained:

ct-pinene 1,71%

camphene 0.09
~-pinene 6.46
myrcene 0.09

bble XV. Chemicel Composition of Italian Lemon 00

(Differsnt GC. and NMR-C-13 Analyses)

GC-NMR Polar-GC Non-pola!
C-13 GC (Ref. !

(Ref. 8)
a-Thujene a 0.4
a-F%ene 2,06 2.2 1.8
Camphene 0.06 0.1 0.1
D-Rnene 12.27 12.2 12.2
Sabinene 1.92 1.9 1.9
Myrcene 1.39 1.5 a
a-Terpinene 0.10 0.2

(+ pCymene) 0.5

timonene 68.36 66,5 67.0
J3-Phellandrene 0.46 0.3 a
cis-~-Ocimene 0.07
yTerpinene 7.39 6.e 6.6
trans-p-Ocimene 0.13
pCymene 0.98 0.3
Terpinolene 0.21 0.4 0.4

Nonanal 0.1 a
Citronella 0.1 0.1
Neral 0.9

(+ nerol) 1.1
Ger6nial

(+ Ekbdsm) 2.0
(+ Geraniol) 1.8

Linalool 0.21 0.2 a
a-Terpineol 0.21 0.2 0.2
Nerol 0.1
Geraniol 0.05 0.1
Nery acetate 0.7 0.5
Geranyl acetate 0.44 0.7 0,4
a-Bergamotene 0.4 0,4
@-Caryophyllene 0.3 0,2
p-~sabolene 0,5

a=Peak,m, ,eQarateO

Iimonene 54.92
pcymene 9.66
monoterpene hydrocarbons 72.95
1 -Octen-3-01 0.19
Iinalool 0.30
cawone 2.01

It is generally known that lemon oil deteriorates. This

decomposition may be due to the acidity (of the juice) and
the sensitivity ofiddehydes towards oxygen, Shaw%vmte that

terpinen-4-ol and a-terpineol levels might be expected to
vary considerably in lemon oil because the strongly acidic

juice can catalyze the hydration of Iimonene and other
monoterpenes to these two alcohols if the oil comes in

contact with the juice dining processing. It may, however, be
questioned whether limonene is so easily hydrated.

Several studies have been cwried out on the deteriora.
tion of lemon flavor.s~.m Citrai, one of the significant com-
ponents of lemon oil, cyclizes to give p-cymene and a, p-
dimethylstyrene. Clark et al,27and McHde et al.ze reported

that p.menthadiene-8 -ols and p-menthen-1,8-diols were
major products in the early stages of the decomposition

Tsble XVI. Comparison of Mandarin and

Tangerine Oile (Ref. 32)

Italy IX3 /Florida
Mandarfn Tangerine

a-llm?m 3,93 1,00
Camphene (& unknown) 0.02 0.01
p-pinene (& unknown) 2.16 0,44
Myrcene 1,80 2.03
a-Phellandrene 0.03 0.03
a-Terpinene 0,42 0.0
&Limonene 67.10 91.23
yTerpinene 20.14 3.09
para-Cymene 1.24
Tepinolsne

0.28
o.e9 0.13

Octanal 0.10 0.10
Nonanal (& unknown) 0.01 0.02
Decanal 0.03 0.10
Dodscanal 0.01 0.02

(Z).3-Hexenol tr.
Heptanol 0.01 tr.
Nonanol & Caiyophyllene 0.07 0.02
1,8-Cineole (tent,) 0.54 0.63
Methyl heptenone tr.
Satinene hydr.(& unk”) 0.02 0.01
Citronella
Un.31001

0.01 0.04
0.13 0.62

Decyl acetate 0.01 0.03
Neral & Te~ineol 0.15 0.05
Neryl acetate 0.01 0.03
Geranyl acetate (.&unkn) 0.10 0.05
Cawone & Nerol 0.01 0.03
Geraniol tr. tr,
trans-Carveol tr. 0.01
Perillaldehyde 0.04 0.03
cis-CarveOl tr. tr.
Benzyl alcohol 0.01 tr.
Thymd 0.03 0.03
N-Me,Me anthranilate 0.33
a-Sinensal 0,11 0.07
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Table XVII. Chemical Composition of

Europaan Mandarin Oils

Ref. 31 Ref. 4 Ref. 34 Ref. 33
(1963) (1971) (1984) (1987)

a-Thujene 0.46 - 0.76-0,96
a-pinene 2.47 1-4 2,12-2.54
Myrcene

3.31-3.47
1.19 1-4 1,69-1.77 1.75-1.91

Camphene 0.37 <1 0.02 <0.01
Sabinene <0.01
p-finene 1.28 1.4 1.25-1.82 i .57- 1.84
a-Terpinene 0.41-0,51
p-Cymene 8,16 4-10 0,37-0,45
IJmonene 67.72 >10 67.92-74.00 86.00-72.27
y-Terpinene 9,14 >10 16.76-20,37 17.39-22.70
Te~inolene 0.57 <1 0.76-0.94 0,89-1.04
Octanal 0.04 <1 0.10-0.23 0.05
Nonanal 0.02-0.03 <0,01
Decanal 0.04 <1 0.06-0.10 0.06-0.07
Undecanal <0,01 <1
Dodecanal 0.01 <1
t.2-Nonenal <0,01
t.2-Decenal <0,01
t.2,c.4-Decatienal <0.01
t.2,c.4-Decatienal - - <0.01
2-Alkenai C-1 l/C-l 6 - - <0.01
Heptanol 0.02 + <0.01
Octanol 0.09 + <0.01 <0.01
Nonanol <0.01
Decanol 0.04 - <0.01
Decyl acetate <0.01
Otronellal 0,02-0.04 <0.01
Neral 0.01.0.02 <0.01
Geranial 0.03-0.06 <0.01
Perillaldehyde 0.05 : 0.01-0.05
Cawone 0.03 <1 <0.01
cis-Satinene

hydrate 0.06 - 0.06-0.07
Linalool 0.25 <1 0.05.0.16 0.05-0.16
trans-Satinene hydr. 0.11 - <0.01
Citronellol 0.03 - 0,01.0.03 <0.01
Nerol 0.05 <1 <0.01
Geraniol 0.01 <1 - <0.01
Terpinen-4-ol 0.11 0,02.0.06 0.05-0.06
a-Terpineol 1.11 <1 0,04.0.20 0.20-0.25
trans-CaweOl 0.04 <0.01
cis-CaweOl 0.02 <0.01
y-isoGeraniol <0.01
pCymen-6-ol <0.01
Geranyl acetate <0,01 <1 <0.01
Benzyl alcohol 0.01 -
pCymen-6.ol 0.03 - <0,01
Thymol 0.08 0.01-0,08 0.07-0.08
N-Me,Me

anthranilate 0.85 <1 0.31-0.50 0.36-0.43
a-Ylangene 0.01
p-Ylangene <1
Caryophyllena 0.02 <1 0.07-0.11 0.06
Longifolene 0.01 - 0.09-0.22 -
y.Selinene 0.01
a-Se finene 0.02 <0.01
m-copaene <0.01
p-Copaene - <1
p-Elemene <1
Humulenes <1 0,01 <0.01
Caclnene <1
Farnesene 0.06-0.12
~-Edsabole”e <0,01

reaction.3U Apati from the decomposition of citral (ned

geranid) the formation of other products, such as a. fenchol

from ~-pinene andp-cresol from citral, are important for the

deterioration of the lemon flavor.w

Chemical Corn oaition of
fMandarin and angerine Oils

The botanical name of Em’opem mandarin is Citrus

ddaciosa Tenor.; syn. Cit?ws reticulate Blanco, variety
mandarin; citrws nobilis var, deliciosa Swingle mandarin.

The American tangerine is restricted to a class of
rmandarines having a deep red color characteristic of the
variety Dancy, Botanical names of the tangerine are Citnu

nobilis var. deliciosa Swingle, vmeity tangerine, or Cittus

reticulate Bhmco var. tangerine.

Although the botanical origin of the mandarin and tan-

gerine may be quite similar, the chemical compositions of
their essential oils are quite different (see table NI).

In 1963 Kugler and Kovats 31made a thorough quantita-

tive analysis of Mandarin peel oil (see Table XVII). They

quantitated 46 components, from which thymol and N-

Table XVIII. Chemical Composition of Italian (Sicily)

and Spaniah (Andalucia) Mandarin Oils

Italy Spain

rx-Thujene 0.68 0.57
a-~nene 2.39 1.75
Camphene 0.02 0.02
SaMnene 0.22 0.21
p-Pinene i .67 1.15
Myrcene 1.66 1.66
a-Phellandrene 0.05 0.05
8-3-Carene 0.01 0.01
a-Terpinene 0.08 0.05
pCymene 0.25 0.13
Lmonene 71.61 77,14
trans-~-Ocimene 0.01 0.01
“f-Terpinene 18.54 13,74
Teqinolene 0.86 0.62
Octanal 0.17 0.22
Nonanal 0.065 0.07
Decanal 0.07 0.06
Undecanal 0.005 0.005
Dodecanal 0.01 0.01
Citronella 0.02 0.01
Neral 0.005 0.025
Geranial 0.01 0.04
Perillaldehyde 0.005 0.01
hnalool 0.10 0.16
Terpinen-4-ol 0,055 0.05
a-Terpineo 0.16 0,20
Nerol 0.005 0.005
Geraniol 0,01 0,007
Thymol 0.02 0,11
N-Me,Me anthranilate 0.15 0.28
m.sinensal 0.20 0.19
Cmyophyllene 0.10 0.09
m-sisabolene 0.005 0.005
a-Humulene 0.015 0.015
Valencene 0.18 0.26

p-fisabolene 0.005 0.02

Vol. 16, MmcWAPnl1991



Critical Review of the Chemical composition of Citrusoils

Table XIX. Chemical Composition of

U.S. Tangerine Oils

a-Pinene 0.62- 0.99%
Camphene
p-pinene

0.014-0.020
0.17

fvfyrcene 2,30
a-Phellandrene 0.03-0.06
p-Ph@llandrene 0.39-0.43
&-3-Carene 0.004
a-Terpinene 0.08-0,094
p-Cymene 0.35-0.62
IJmonene 68.30-93.60
?-Terpinene 1.74-3,75

Lnalool 0.67
u-Terpineol 0.06
Hexanal <0.01
Octanal 0.23-0.50
Nonanal 0,06-0.08
Oecanal 0.16-0.24
(E, E)-2,4,-Decadienal 0.05
Dodecanal 0.043-0.135
Tetradecanal 0.05
Citronella
Neral

0.06-0.13
0.01-0.06

Geranial 0.015-0,07
PeMaldehyde 0,05-0.10
a-Slnensal 0.18-0.26
N-Methyl methyl anthranllate 0.072
Thymol 0,022-0.04
Thymyl methyl ether 0.09

methyl methyl anthranilate were noted as importnt for the
mandtin flavor. According to their analysis the main

hydrocarbons were limonene (67.72% ),y-terpinene (9,14%)

&d p-cymene (8.1670). Ziegle# in 1971, ~so mentioned
that limonene, y-terpinene (>10%) and p-cymene (4-10%)
were tbe main constituents of mandarin oil (also in fresh

oils). In 1979 ShawJ wrote that according to published data

the major component in mandtinoil,d-fimonene, vties from
65-94%. More recent analysis2 .33.34(see Table XVIII) show

that in European mandarin oils:

a. Iimonene content can vary between 65 and 80%;

b. y-terpinene is present in concentrations of 10-zo%;

c. p-cymene-content is below 1%,

Mandarin oils, which contain bigher concentrations of p.

cyrnene, are probably very deteriorated. Thirteen sesqui-
terpene hydrocarbons have been detected in mandarin oils,
It appears strange that Kugler & Kovats31 found longifolene
in mandarin oil, this component was the most important

sesquiterpene in the oil according to Dugo et al.” This

compound, however, probably is an artefact, because in
more recent studies it has not been found, The chemical

composition of U .S. tangerine oil is presented in Table XIX,

The Chemical Composition of Grapefruit Oils
The botanical name for grapefruit is Citrus paradtii L.

Some important varieties are Duncan and Marsh seedless,
which give colorless oils (see Table XX). An Israeli variety

affords a pink oil (see Table XXI)
Wilson & ShauJ5w and Myers and Lee37 stwfied the
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chemical composition of USA grapefruit oils in detail (Table
XX). From this Table it is interesting to notice the following

aspects:

● the difference of the analysis by gas chromatography on

a packed and capilkuy cohn”,
● the influence of the nonvolatile (7.5% ) on the complete

analysis,
● the anomalies in tbe different analyses,
The most important anomaly in the analyses is the vwia-

tion in the concentration of the monoterpene hydrocarbons,
A great deal of this variation can be explained by the

Table XX. Chemical Composition of

USA Grapefruit Oils

Ref. 35 Ref. 36 Ref. 37
1976 1980 1968

volatile total
011 oi I

(a,b) (a,c)

a-pinene 0.44 0.49 0,39 0.3s

p-pinene 0.04 0.02
Sabinene 1,04 0,42
Myrcene 1.34 2.12 3.41 1.37
Lmonene 94.35 85.60 83.66 63.40

“f-Terpinene 0.12 0.01
pCymene 0.02

Monoterpene
hydrocarbons 66.63 66.21 88.66 65,62

cis-Limonene oxide 0.09 -
trans-Limonene oxide 0.05
Octanal 0,71 0.81 0.62
Nonanal 0.10 0.04 0.14 0,07
Decanal 0.61 0.60 0,49 0.40
Dodecanal 0.21 0.02
Citronella 0.16 -0.14 0.13 0.09
Neral 0.07 0.043
Geranial 0.12 0.11 0.06
Perillaldehyde

0.06
0.04 0.2 0.04

Cawone 0.02 -
Octanol 0.04 -
Octyl acetate 0.09 0.05 -
Decyl acetate 0.22 0.15 - -
Lnalool 0.27 0.30 0.13 0.10
a-Terpineol 0.04 0.04
Citronellyl acetate + + 0.04 -
Neryl acetate 0,16 0.22 0.02
Geranyl acetate + + 0.04 -
a-COpaene 0.07 0.06 0,07 -
@COpaene 0.10 0.01 0.02 -
p-Elemene 0.09 0.06 0.06 -
Caryophyllene 0.29 0.25 0.31 0.24
Humulene 0.07 -
6-Cadinene 0.09 0.11 0.07 -
Elemol 0.07 0.04 0.04 -
Nootkatone n.d. n.d. 0.03 0.1

a. corrected for 7.50/c nonvolatile
b. packed GC-column

c. capillary GC-column
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Table XXI. Chemical Composition of

Israeli Grapefruit oil

Paak area percentages

Normal( 1988) Plnk(1988)

a-Thujane 0,011 o.ooa
a-pinene 0.586 0.527
Camphene 0.004 0.Q34
Sabinene 0.3s5 0.407
p.Rnene 0,259 0.148
Myrcene 1,974 1.833
a-Phellandrene 0.037 0,036
&3-Carene 0,001 0.012
a.Terpinene 0.W4 0.003
para-Cymene 0.044 0.020
Limonene 92,995 93.S06
trans-p-Oclmene 0.142 0.158
yTavinene 0.161 0.096
Terpinolene 0.018 0.013
MonoterPene hydrocarbons S6.621 87.071
Octanal o.2a8 0.316
Nonanal 0.049 0.014
Oecanal 0.273 0,251
(E,Z)-2,4-Oecadenal 0.002 0.004
(E, E)-2,4-Oecadanal 0.001 0.002
Undecanal 0.011 0.011
Oodecanal 0,024 0.022
Allphatic aldehydas 0.647 0.651
OctanOl 0.023 0,036
Octyl acetate 0.035 0.030
Oecanol 0.002 0.001
Decyl acetate 0.105 0.092
Cbtronellal 0.073 0.050
Neral 0.046 0.041
Geranial 0.062 0.075
Perillaldehyde 0.015 0.014
Carvone 0,009 0.013
Mnalool 0.0S6 0,096
Tepinen-4-ol 0,002 0.002
a-Terpineol 0.037 0.038
Nerd 0.003 0.004
Geraniol 0.005 0.003
Citronellol 0.006 0.W4
Nery acetate 0.023 0.016
Geranyl acetate 0.070 0.062
a-Tavinyl acetate 0.039 0.007
~tronellyl acetate 0.014 0.011
1,8-Menthadienyl acetate 0.006 0.005
Perillene 0.004 0.005
cisltrans-Limonene oxides 0.020 0.018
p-Elemene 0,088 0.076

Caryophyllene 0.312 0.273
trans-a-Bergamotene 0.010 0.004
p-Farnesene 0,009 0.006
a-Humulene 0,040 0,037
p-COpaene 0,063 0.056
p-~sabolene 0,045 0.032
8-Cadinene 0.095 0,085
p-%nensal 0.011 0.010
a-?Jnensal 0,003 0.003

Nootkatone 0.30Q 0.144

Table XXII. Carbc.nyl Compounds in Grapefruit Oils

Wilson & Sha w(1984) 1~
1 2 Normal Pink

Octanal 0.520 0,466 o.2a6 0.316
Nonanal 0.081 0,072 0.049 0.045
Decanal 0,421 0.395 0.273 0.251
Undacanal 0,011 0.011
Dcdecanal 0.050 0.04s 0,024 0,022
~tronellal 0,091 0.077 0.073 0.050
Neral 0.040 0.046 0.046 0.041
Geranial 0.066 0,067 0.0s2
Petillaldehyde

0.075
0.018 0.024 0.015 0.014

@3inensal o.ola 0.027 0.011 0.010
a.sinensal 0,003 0.003
Ncatkatone 0.237 0.147 0.300 0.144

Total 1.54 1.39 1.175 0.9S2

Table XXllLComparison of Volatile Compounds In

Mexican and Waat Indian Lima Oils (Ref. 39)

Mexican Wast Indian

C.p. dlst. C.p. dist.
a-Thujene 0.55 0.54 -
a-Rnene 3.72 1,14 2.37 1.69
Camphene 0,16 0,75 0.17 0.37
p-pinene 23.81 1.75 24.23 9.49
lvlyrcene 2,10 1.36 1.40 0.S6
a-Phellandrene tr. tr.
p -cymene 0.59 - 0.21
aWmOnene 34.30 49.20 44.17 47.25
yTerpinene 14.00 8.42 i 1.88 S.86
Te~inolene 0.76 9.00 0.63 7,24
Nonane 0.04 0.04 0.02 0.02
teri.PentanOl tr. tr. tr. tr.
2-Methyl-3-butanol-2 - tr. tr. tr.
cis-3-Hexenol tr. tr. tr.
Octanol tr. tr. tr. tr.
Decanol tr. tr. tr. tr.
Oecanal 0.71 - 0.46
Linalool 0.31 0.18 0.25 0.12
a-Fenchol 0.71 0.32
ciS-fl-Terpineol o.ai - 0.26
trans-b-Terpineol tr. - tr.
Te~inene-4-ol 0.53 1.75 0.32 2.39
Geraniol tr. tr. tr. tr.
Thymol tr. tr. tr, tr.
Neiy acetate 0.16 0.03 0,07 0,04
Geranyl acetate 0.36 0.10 0,16 0,56
1,4-Cineole 1.92 - 0.21
1,6-Cineole 0.35 0.74 0.26 0.29
a-Elemene 0.77 0.07 0.54 0.11
p-Elemene 0.53 0,07 0.33 0.05
p-Caryophyllene 1.36 0,6S 0.70 0.51
a-Se rgamotene 2.16 0,81 1.34 0.61
Guaiene o.7a 0,46 0.42 0,34
p-sisabolene 5.70 2,49 3.16 2.12
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presence of the non.volatiles, but still some differences dehyde and nootkatone. Thorough studies have been car-
remain, which cannot be explained. ried out on the volatiles of griapefmit juice by Demole et al.38

Ziegler4 mentioned that grapefruit oil differs from or- and the headspace vokitiles of fresh grapefruit and its peek
ange oil in the presence ofy-terpinene. Sha@ found that the by Umano and Shibamoto$Y Many new constituents have
reported values for Iimonene range from 86-957. and for ct. been identified in grapefruit, withp-1-mentbene-8-thiol (a-
pinene from 0,2-1.6%. Furthermore Sbaw mentioned that terpinethiol) as one of the organoleptically most important,
the second most abundant component, as in orange oil, is
myrceoe, and that the levels in both oils are about the same. The Chemical Compoaltion of Lime Oils

H; also wrote that the concentration of v-teminene in Lime oil is produced in Mexico from tbe Key lime. with.,
grapefruit oils—at 0.5- 0.870—is

significantly higher than those re-

ported for orange oils. In the vohl-

tile part of two Ismelian grapefmit

oils we found 93.o 93.8% of li-

monene, 0.5-0.670 a.pinene, 1.8

- 2.0% myrcene and 0,1- 0.2% of

y-terpinene (see Table XXI).

Probably more important for

the organoleptic qualities of tbe

oils are the oxygenated com-

pounds. As for all citnls oils it afso
holds true for grapefruit oil that

the total concentration of carbonyl

compounds is importmt for the

organoleptic quality of the oil.

Wilson and ShawP2 studied the

concentration of the carbonyk in

grapefmit oil. Their results are

presented in Table XXII.

We compared their data with

ours for Israeliian oils. The total

concentration of carbonyls in USA

grapefmit oils (1.4 1.55%) is

slightly higher than that in Israeli

oils (1.0 1.2’%). This difference
may be due to the non-volatiks in

USA oils. Fmm the carbonyls es-

pecially the concentration of

mwtkatone is importmt for the

grapefruit-cbarwter of tbe oil.

Both Ziegler4 and Shaw5 mention

that rmotka-tone is characteristic

for the oil quality. Ziegler men-

tioned the presence of 0,1-0,6%

nootkatone, wherein Shwv found

reported values of 0.3-0.8%. Re-
cent amdyses, however, showed

that tbe concentration of this im-

portant constituent is seldom over

0.3%. More oxygenated com-

pounds are given in Table XX. It

appears strange that, for instance,
one oil contains decyl acetate and

the others do not, Furthermore,

rather big variations exist in the

concentmtion of Iinalool, perillal -

Vol.16,MarchlApnl1991

Table XXIV. Chemical Composition of Lime 011s

Cold-pressed Oistilled

Ref. 5 Ref. 40 Ref. 5 Ref. 41

a-Thujene 0.4 0.355-0.369
a-pinene 1.2-2.4 2.16’-2 .230 0.8 1.427
Camphene 0.5
~Rnem

0.094-0.100 0.8 0.494
10.1 -11.9 19.50-19.95 0.9 2.292

Myrcene 0.7-10,3 0.8 1.259
a-Phellandrene 0.2 0.043-0.046 0.363
13-Pehllandrene 0.9
a.Tevinene 0.8 0.162-0.166 2.056
pCymene 0.5-1.9 0.270-0.620 11,8 2.195
umonene 47-64 45 60 4s.e82
y-Terpinene 7.3-21.7 13.55 0.6 11.859
Terpinolene 0,6-1.2 0,7 o.e 7.223

Octanal 0,6 0.04-0.065 0.03

Nonanal 0.2 0.033-0.036

DeCanal 0.1 0.198-0,290 0,09
Dodecanal 0-0,007 0.006

Octanol 0.01
Nonanol 0.1 0.01
Decanol 0,06
Oecyl acetate 0.1

citronella! 1,4 0.015-0.042

Neral 0.44.6 1.332-1.620

Geranial
0.019

5.1-6.6 2.36O-2,99O 0.039

Borneol 0.6

Fenchol

0.450
1.2 0.732

hnalool 0.009 -0.2 0.153-0.164 0.1 0.069

Terpinen-1-ol 0.720

Terpinen-4-ol 0.043-0,223 1.6 0.865

a-Terpineol 0,3-1.05 0.260-0.289 5.9 6.335
p-Terpineol 0.7 0.665
yTerpineol 0,875

Nerol 0.023-0,036

Geraniol 0.030-0.072

Rnol 0.2

pCymen-8-ol 0.6

Nay! acetate 2.5-3.1 0.01 0.116

Geranyl acetate 0.55-3,1 0.254-0.275 0,3 0.091

a-Bergamotene 2.5 1.200-1.270 0.5 0.736

p-Bisabolene 2.5-4.0

Caryophyllene

0.9 1.263
2.5 0.935-1.164 0.3 0.530

Sesquicitronellene - 0.2

a-Farnesene 1.120
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the butamicalname Citms aurantifoli. SwinglesYn, Citrus

clati~olia, Lime oils arealso produced in West India. There

me two types of lime oil, cold-pressed and distilled.
The distilled oil is ohttained by steam distillation of the

crushed fruits (with peels). Because the fruits are rather

acidic (pH 3-5), several constituents decompose during
steam distillation. A comparison of the volatile compomd

in cold-pressed and distilled M exicm and West Indian Iime

oils ispresented in Table XXIII. According to Kefford and
Cbandle# and Shaw5 the composition of cold-pressed lime

oils is quite similar to that of cold-pressed lemon oil, with a
few notable differences:

● thecitral ccmtent ofagood qudityl imeoilseemstobe
higheu

● octanal, rather than nonand, is the main stmight-chain
tddehyde;

● nery-and germylacetatear einmuchhi gherqw entities;

. thenonvolatile potiitJn inconsiderably higher (over77o
of the cold-pressed oil).

ShawJ also mentioned tbat differences between cold-
pressed and distilled lime oils we pronounced. Distilled

lime oil has greatly reduced quantities of citrd, ~-pinene, and

y-tevinene and greatly increased quantities of p-cymene,
terpinen-4-ol and a-terpineol and it has a more terpene-like
flavor thanthatofthe cold-pressed oil. Morerecentp”bli-

cations4 ]-44 show that the chemical compositions of cold-
pressed and distilled lime oils are more complicated.

The major constituents of lime oils have been identified

and quantified by Haro et al.4[4zThei dentiflcation of trace
constituents in the oils has been published recently by

Chamblee et aL43and by Clark et tL44 Clark mentioned that

uP tO 1987 there Wds no information in the literature On the
constituents responsible for the warm-spicy, dr)-out note of
lime peel oil, which is important in distinguishing it from

lemon. These modem analyses show that the chemical
composition of cokl-pressed lime oil differs from that of

lemon oil, and that quite big differences exist between the
chemical compositions of cold-pressed and distilled lime oil

(see Table XXIV).
The differences between the chemical compositions of

cold-pressed and distilled lime oil are mainly due to the
conversion of ~-pinene to mono- and bicyclic terpene

afcohok,like terpineols, a-fenchol etc. Clark etd34chw-
acterized germacrene B as an important flavor impact con-

stituent of lime peel oil. They mentioned that germacrene B
has been judged to have a warm, sweet, woody-spicy, gera-

nium-like odor andtobe very important to the fresh lime
peel character.
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