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The Composition of the
Volatile Fraction of the
Italian Citrus Essential Oils

By Giovanni Dugo, University di Messina, Italy

he annual production of citrus fruits in Italy amounts to

TabOut~,~~~,~~~ tons, ~~%o~whichgoestothe tmms-
formation industries. Table I reports the production data,

the quantity transformed and the essential oil obtained
from each fruit. 1

Unfortunately, it is difficult to find accurate in forrnition

about bitter orange and its essential oil because the produc-

tion of this type of orange is very limited.
The contribution of Sicily and Cdabria to citrus produc-

tion in Italy reaches 90% at least, which makes them tbe
most important suppliers of Italim citrus products. In

particular, Sicily produces about 70% of the total amount of

citrus, and 90% of lemon fruit produced in Italy
Figure 1 shows the Sicilian and Calahrian fruit-growing

areas for each fruit. Tbe transformation industries are

situated in the same areas.
In Itafy the citrus fruit season starts in October-Novem-

ber, Production and processing periods of different Citrus

species differ remarkably (Figure 2), The lemon semen
lasts the entire yea~ inthefirst pmtofthe season, “primoflore”
lemons are processed, from then, up to spring, “winter”
lemons, then “bianchetti” and finally, in summer, “verdelli”

lemons,

The productive season of the other citrus fruits is more

limited. For example, mandarin season starts in October

A. C.tr..eo, R. Del 1>!!.., M .C. Drmito, Giacomo DugcJ, P. Dug., C, Immnia

c,. Lim.dr., L. Mmdella, 1, Stagn. dAlmntre$ A. Tmzzi and A. VerzerL hmw

take. part in the research which dlowd this repurt.

———.

A Sweet Orange .SJ
Cdnbrla

● Lemon . . ‘.

c

:...
+ Mandarin
❑ Sergamot TyrdwnianSea ,. ..

Figure 1. Citrus growing ereas in Sicily and Calabrie

I Table 1. Production of citrus fruits and
them essential oils during the 1991/1 992 season I

I
Fruit

Prcduced
Fruit fyp-s tons

Lemon 860,000

Sweet orange 2,004,000

Mandarin and
other small fruit 523,000

Bergamot 18,000

Esssntial
Transformed 011

tons tons

195,000 775

790,000 1,350 I
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Figura 2. Harvast and processing period of different Italian Citrus species
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ITALIAN CITRUS ESSENTIAL OILS

Figure 3. Gaa chromatogram of a lemon eaaantial oil

Exparlmental: gas chromatography Fisons Sarias Mega 5160, equlppad with a Shimadzu data procassor C.3R~ detector FID a
silica capillary column 25 m x 0.32 mm Id. coated with SE-52; column temparatura 60”C (8’) to IOWC at 3“Clmin, to 130”C at
2.5”C/min, to 1WC at 3“Clmiry injector and datactor tem~ratura, 2SO”C Injactlon mode, SPIIC carrier gas H,, 0,50 kglcrw. For
identification of components, saa Table Il.

and lasts until the beginning of March; in the early season oils in Itialy are: “Sfumatrice,” “Pelatrice,” “Torch~ and
unripe fruits (green mandarins) are processed, after which “FMC.”
processing of ripe fruits (red mandarins) begins, As one might expect from their names, the first three

The sweet orange season is between December and fuly; technolomes were develoued in Italy while the “FMC”
in Itafy 70% of the~ransformed oranges possess blond-pu~p
while tbe remaining 30% are blood-pulp. In the early

season (from December to Janua~) the industries process

ripe blond-pulp oranges; in the mid-season, from Fehrumy
to April, overall blood-pulp oranges and in late season

blond-pulp oranges which ripen late.

The most impotiant cultivars transformed are:

Early season: Siondo comune, Navelina, Washington navel,

Moro and Tarocco (less tipe);

Mid season: Biondo comune, Moro, Tarocco, Sanguinello;

Late season: Sanguinello, Ovale, Valencia late.

This list should only be considered as a general guideline

of which oranges are processed at what time. It should he

remembered that during the period when only blond fruits
are usually picked, it is possible for blood oranges afso to be
processed. The contrary could also happen dining the

period when blood oranges are principally picked.
Finally, the bitter orange productive season lasts from

October to March, while that of bergamot from November
to Febrwuy.

The methods employed to obtain cold-pressed essential

process ~as developed in [he United ~tates. Presently, the

FMC process is widespread, representing about 15-20% of

the transformation machines working in Italy.
Modern mechanical systems for cold extraction of citms

oils require the following fundamental steps:

1. Mechanical action on fruits or on rind in order to

cause utricles to break so that the essential oil can he
released.

2. The use of an aqueous phase in which the citrus oil
forms an emulsion so that it can be moved away from
the oil release. In some situations the aqueous phase
is recycled to limit the loss of oxygenated compounds.

3, Emdsion centrif”gation to obtain pure essential oil.

“Sfumatrice” machines work on rinds without pulp; now

these are not widely used and are replaced hy “Torchi”
which work on the entire fruits too, Both technologies,

especially %fumatrice,” yield essential oils that possess
acceptable olfactive properties.

In contrast, “Pelatrice” machines work on the entire

fruit, and the essential oil is obtained by rasping the fruit

epica~ in Order tOcause utri~les tO break. “FMC” m=hines
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ITALIAN CITRUS ESSENTIAL OILS

Table II. Composition of the volatile fraction of lemon oil

1 tricycle..

2 a.thujene
3 .-pine”.

4 canwhene
5 same”.

6 fl.Pinen,
7 6-methyl-5-hePte”-2-O”e
8 myrm”e
9 @anal
0 o-phellandrene

1 &3-cmene
2 .-term.”,
3 .-c,nlene
4 hone..

5 Z-p-mm..

6 (E]-@clme”e
7 yteml”ene

8 trms-sabne”e hydrak
9 OClmol

0 lelmole.e

1 cis-sabinene hydrate
‘2 Unal.m

‘3 “.”...8
‘4 d%-flmomne oxide

‘5 tmw+mone.e oxide

!6 mmpho,
!7 .Itmnellal
!8 b.mwo
,s ,erpinend.ol
0 a-larpineol

1! d.canal

E Cdy acetate
13 nw.1 + citmnellol

14 cwb.a”ylcmwo”nd
,5 “,,,1

16 pipemme
,7 g,ranld
,8 w,8”[,I
,9 ~wllaldehyde
0 bomylacetate

11 “ndeca”d
12 “0”.1 acslala

13 Imlilylg-amle
14 cit’o”elly acetate

15 “W Mxtat.

16 gera”yl ac&ate
17 dcd%ca”al

B dew acetate
19 @vOPhWle
n tmns-mb@rgamotme

i! mhumulen,

;2 B-sa”!al.ne +
CIs.o-fmesene

;3 Tnl””mlme
;4 gernmcrme D

;5 sewlerpme

s .,1,. . . . .
$7 Gem,.,.”. B
s b.lterm.
;9 @-bl%bolene
;0 ?-eleme.e

;1 Wr.?decmal
!2 2,34memY1-3-(4.mahyl-*

pantenylkz-nmbornmol
S cam~herenol
S4 ..Usabolol
-5 “Oolkatme

hydrmaim”s
nlcmo,.r.e”es

SW!:++”..
oxygen fitec compounds

earbmylmnwmunds
alcohols
esters

= trace

x

0,006
0,443
1.979

0.060
2.009

12,747
0.004

1.480
0,053

0.055

0.004
0.188

0.154
65.367

0.069

0.119
9.523

0.039
0.003

0%2

0,030

0.100
0.106
0.005

0.006

0.007

0.096
0.005
0.029

0.156

0.0s3

0.W24
0.035

0.016
0.884

0.004

0.022
1.461

;.004

0.021

0.’345

0,C43
0.028

0.398

0.408
t

;.229
0.354

0.016

0.046
0.009

0,008
0.018

0,023
0.083
0.043

0.529
0.015

0.010

0.018

0.018
0.022

O,ccd

95,ed7
94510

1.337

3.920
2.857
0.423

0.8%

s

0.001

0.026
0.095
0.0c4

0.202

1.452

0.003
0.094

0.016
0.018

0. W2

0,024
0.085
1.S30

0.023

0,025

0,423
0.009

0.002
0.025

0.010
0.018
0,020

0.004
0.003

0.002
0.019
0.003

0.011
0.040

0.011

0.032

0.024
0.013
0.140

0.002
0.009

0.2%

0.032

0.W5
0.032

0.001
0.009

0.081

0.128

0.028

0.038

0,003

0.007
0.003

0.003
0.003

0.017
0.014

0,007
0.067
0.002

0.002

0.CC4

0.033
0.033

0.002

0.463
0,526

0.145
0.411
0.W4

0.108
0.183

Mt.

0.W3
0.370

1.496
0.046
1.128

9.453
0.00:

1.053
0.021

0.013

0.001
0.049

0.025
59.670

0,031

0.070

6.586
0.014
0.001

0.205

0.010

0,049
0.cd4
0.C02

0cn2

0.003

0.C40
0.001

0.010
0.058

0.012

0.001
0.0C6

0,002
0,455

O.CO1

0.W4
0.602

0.002

0,002
0,002

0,002
0.005

0.228

0.163

0.107
0.211

0.007

0,027
0,CC4

0.033
0.W3

0.001
0.023
0.013

0,295
O,cw

0.W4

0.009

0.007
0.009

0.001

93.668
92.183

0.811
2.303

t .371
0,186

0.419
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Max

0.008
0.543

2,403
0.081
2.794

17.794
0.017

1.860
0,137

0.$27

0.010
0.251

0.675
71.060

0.149

0.204
11.275

0.074
0,CQ8

0.438

0.072

0.179
0.194
0.024

0.019

0.015

0,166
0.017

0.080
0.276

0.082
0.011

0.179

0.090
1.333

0.012

0.059
2,252

0.014

0.046

0.019
0.011

o.ca2
0,883

0.809

0.324
0,579

0.030

0.074

0.023
0.019

0,0%

O.om

0,120
0.134
0.916

0.028

0.018

0.0?8
0.0?4

O.ow
0.010

97.677

s6e44
2.174
5,470

3.798
0.748
1.583

also process the entire fruit providing the contemporaneous

extraction of juice and oil and give good qwdit y products.
The aqueous phase that carries the essential oil is easily

recycled when oil is produced using the “Pelatrice” and
“FMC processes. The ability to recycle the aqueous phase
is more diffkult for “Sfumatrice” and “TorchP because of

the rapid increme of pectins in the aqueous phase.

Genuine Italian essential oils, for several reasons, are
offered on the international market at prices which are
considerable y higher than those of tbe essential oils pro-

duced in other citrus-growing countries. The main reason

for this is the lack of efficient coordination between the
citrus processors and citrus growers. However, despite the
disadvantage of the higher cost, cold-pressed Italian essen-

tial oils, namely lemon, mandarin and bergamot, are highly
valued and are able to find an outlet on the basis of superior
quality of their olfactcny characteristics.

It has always been our opinion that, in order to defend its

position on the international market, the Itdim citrus-

processing indust~ must base its economic policy on the
genuineness and high quality of its products, without trying

to meet its competitors at their price levels.
Therefore, in order to provide fundamental information

on the qudit y and genuineness of Italian citrus oils, we have
performed research on the chemical composition of the

volatile fractions of lemon,2-6 mandarin ,78 bergamot,gio
sweet orangel Land bitter orange] 2 oils. Tbe samples ima-
lyzed were undoubtedly genuine, produced with the usual

industrid techniques and representative of entire produc-
tive seasons and of all productive areas.

LemonOil
Lemon oil is produced with the usual industrial tech-

niques: “Pelatrice,” “Sfumatrice,” “Torchi,” “FMC;” in sum-
mer it is mostly obtained by “Pelatrice.” In fact the oil
obtained from summer lemons is worse than that of winter
lemons, so it is preferable to use a less expensive technology

such as “Pelatrice.”
Tbe volatile fraction of lemon oil constitutes about 96-

98% of the whole oil.
Figure 3 shows the chromatogmm of a lemon oil ana-

lyzed by gas chromatography (cC) using an SE-52 column.

Table II reports its composition as single components and

classes of substances.
The results reported in Table H refer to 1,546 industrial

samples, absolutely genuine lemon oil, which are represen-
tative of entire productive seasons from 1982 to 1992 and of
all productive areas. As can be seen, limonene is the main

component: its percentage lies between 60% and 71%.
Among the other monoterpenes, there is a high proportion
of ~-pinene (9-18%) and y-terpinene (8-1 l%). Oxygenated
compounds are found in amounts between 2.3% and 6.3%.
Aldehydes are the class of substmces which mainly contrib-
ute to the totaf content of oxygenated compounds. In
particular, the main oxygenated components of the oil we
nerd and geranial (in time past called Citral A and Citral B).
The so-caUed’’Citr# (total content ofcarbonyl compounds)
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Limonene
m

&Pinene
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Figure 4. Variation in average content of Iimonene, ~-pinene, geranial, nonanal, esters and alcohols for lemon
oils producad during two different aeaaons
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Table Ill. Composition of the volatile fraction of winter
[Novemlmr-March) and summer (June-September) lemon oils

winter Summer
is k.

1 M@4ne 0.006 0.021 0.(”37 0.001
2 !z.,huje”e 0.448 0.024 0,414 0.017
3 Qi.ew 1.382 0.097 1,?82 0.ca3
4 Camphene 0.059 0.CC4 0.0E6 0.CJ24
5 smnwm 1.954 0.189 2.2&i 0.198

6 @.pinene 12.179 1.122 15.2C9 !,~
7 6-methyl-5.MPtan.2+”a 0.cw3 0.00z 0.005 ,x43
8 nlymne 7,575 0.084 ?.359 0.0s
9 cclanal 0.05C 0,009 0.062 0.0’29

70 a-ohellandrme 0.051 0,012 0.083 0.028

11 &3carene 0,004 0.002 0.035 0.0&2
12 .-tmpinme 0.191 0.023 0.169 0.028
~3 pcqmerm 0.?48 0.090 0.180 0,071
14 hnone”e S.019 1.$!28 62.651 1.487
15 (z).D.mimene 0.064 0.022 0.078 0,018

16 (E)-b-mimene 0.111 0.020 0.135 0,027
17 y,qm,e”e 9.483 0.415 9.491 0.482
$8 trans.~~n.ne hydrate 0.038 o.m 0.047 0.011
19 odanol 0.CQ2 0,001 0.005 O.wt
20 te@lde”e 0.% 0,025 0.359 0.024

21 cis.tiinene hydrate 0,024 0.010 0.038 0.011
22 Unald 0.101 0,017 0,1C4 0,016
23 “.”.”.1 O.lw 0.018 0,1s6 0,021
24 CI,-lmo.me .Xid+ 0.C05 0.C03 0.CC6 0.’3?2
25 Ira”$-kltme,m oxide 0.C05 0.003 0.W6 0.002

2% mnw.hor 0.009 0.002 o.!m7 0.002
27 Citmnellal 0.095 0.017 0.U39 0.019

28 torneo 0.CC6 0.W3 0.W5 0.004
29 teminen4-0 0.026 0.!209 0.C45 0.012

33 .-le,pirmd 0.150 0.036 02C6 0.035

31 d-m 0,032 0.026 0,c60 0,010
32 oclyl acetate 0.W3 0.M12 O.CW 0.002
33 ..,01+ Oitmmlloi 0.027 0.01 t 0.070 0.052

M .mbo.yl Cmnpo.nd 0.016 0.014 0.020 0.015
35 “Hal 0.910 0.124 0.705 0.115

35 Pipedtme 0.0C4 0.CQ2 0.CC4 0,!201

37 gera.iol 0,021 O.~ 0,026 0,036
38 gera”id 1.547 0.205 i,lW 0.179

39 Pmilla!dehyde
40 bmnyl acs!n!e LLX14 0.C42 ;,005 0,C$J3

41 u“demnal 0.020 0,CC4 0.0?4 O.c@d
42 mmyl acetate 0.C’34 O.mz 0.0C6 0.W2
63 rnethybra”ale 0.W4 0.031 0.003 0.03,
44 Citnmel!fl acalate 0.026 0.W7 O.0~ 0.029

45 nay amt,t. 0.378 0.054 0.5% 0.095

46 gera”yl acetate 0.357 0.1 W 0.5% 0.079
67 dcdewm?, , t

48 deq acalaln
69 p<alyophvlem ;.229 0,028 ;,2?8 0.024

50 tran,-.-tawmolene 0.s49 0,0.35 0.375 0.025

51 a-humulem 0.0?6 O.MU 0.015 0.003
52 @“tde”e + tis-~ffmesene 0.C46 0.C47 0.046 0.W9

53 Wl””time 0.CC5 0.W4 0.CL9 0.032

w 9@mwr.ne D 0.!337 O.W1 0,009 0.C@4

55 Sasq!mep.e 0.018 0.W3 0,020 0,003

56 “ale”ce”e 0.016 O.CW 0.C40 0,023

57 gemwaene B 0.C61 0.012 0,075 0.0*6

58 wsquilevne 0,042 0.&X 0.046 0.005

59 &Msable,le 0.524 0.rYX 0.571 0.!243

m ~1~.~ 0.015 0.002 0.016 0.002

M Ietmdea”ti 0,W9 0.GU2 0.012 0.002

62 2,3dmeW1-?_(41Wlhj-3-
Lmtenyl-z-lwt”mlm.a 0.046 0.033 0.022 0.005

K3 Camphere”ol 0.018 0.023 0,021 0.002

E4 .-wsaba!.a 0.022 0.003 0.025 0.002

65 nmtkatone 0,.203 O.cnl Owe 0.W2

hyd~ma~, 95.843 0.458 95.753 0.439

Illo”otemms 94528 0.511 W.W9 0.4E6

ses4.itsrPsnm 1,315 0.131 1.444 0,092

.3w2W#EdCWlF0U”d6 3.940 0.408 S.940 0.389
cattanyl C.mlmunds 2.771 0,330 2.2% 0.293

alcohols 0.402 0.093 0.565 0.081
esters O.md 0.138 1.I1O 0.122

t = trms
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has become an important parameter to estabfish the price
of the oif and today, too, it represents a reference of quafity
Esters are present in quantities which vary from 0.4% to
1.6% while the content of afcohols varies from 0,2% to

about 0.770.
The volatile fraction composition of lemon oil shows

cyclic v~ations during the year. These variations are esPe.
ciafly due to the different type of lemons processed during
the productive season.

The characteristic trends of all components and classes

of substances are almost identical in tbe several years
investigated and also their average values are afmost equal
in the same period of different productive seasons.

The greatest quantitative differences registered for iden-
ticaf periods of different years can be explained by the

presence of different proportions of lemon type processed
and to a lesser extent hy the area from where lemons were
grown.

The reproducihilityof the annual cyclic variations of
lemon oil composition is shown in Figure 4, in which the
results of some parameters for two different productive

seasons are compared.
As can be seen in the same figure, the composition of the

high quality winter oils is different from that of summer oils.

In fact, from the beginning of the season to March-April,
the content of single components and of the classes of
substances is almost the same, while from April to August

tbecomposition oflemon oil changes remarkably. Esters,
alcohols, ~-pinene, sabinene and aliphatic aldehydes reach
their maximum in the oils produced in summer when nerd,

geranial and limonene show their lowest levels.
Table III shows the quantitative differences between

“winter” (November-March) and “summer” (May-Septem-

ber) oils.
Oils obtained from “Primofiore” lemons, which often

constitute a high percentage of the totaf lemons processed
in October and November, show some chamcteristics in
their composition: namely, a very low content of the esters

(up to 0,42%) and a high content of Iinafool (up to 0.18%).
The extraction technology influences the volatife fraction

composition of lemon oils. The oifs obtained fmm “Pelatrice”

and “FMC” machines generafly show a higher content of

Owgemted@m~un~ (c~~nylcOm~un~ ~estem) ~d
a lower content of hydmcarbom than those obtained from

“Sfuma&ice” and ‘Torcbi” for the same pericd of the year
As discu.ssmfabove, because of the diftkdtyin recycling

the aqueous phase when a higher aqueous phadessentid

oil ratio is u.d, a heavier loss of the oxygenated cmmpounds
is experienced with the “Sfumatrice” and “Torchf’ tech-
nologies than the ‘Pelatrice” and “FMC” processes.

Table IV and Figure 5 show the quantitative differences
in the composition of the “winter” oils obtained by different
processes. “Sfumatrice” afso includes the oils produced by
the “Torchi” process because both produce oils with simifar

compositions.
Itafian lemon oils show an average aldehyde content

included in the range shown by Cafifomia oifs but higher
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Monotetpenes Oxygenated Compounds
Ica 8.

S8.
e.

i%

$ ~ 4“ ~~

.

S4.

2_

6-2.

so o

NOV DEC JAN FEB MAR WR MAY JUN JUL NS 0~ NOV DEC JAN FEB MAR APM MAY JUN JUL P/S CCT

Alcohols Carbonyl Compounds
1,0 6

0,8-

~: ~ ~:. ~~

02.

0.0 0

NOV DEC JAN FEO P.WR APFI MAY JUN JUL NS CCT NOV DEC JAN FEB MAR APR MAY .!UN JUL &’S IXT

* Pelalrlce & Sf,nmtrlce * FMC

Figure 5. Variation in average content of monoterpenea, oxygenated compounds, carbonyl compounds and
alcohola for lemon oils proc.aaeed by different industrial technologies

than that of Arizona oils, Amonc them the “winter” Itafian “summer” Italian oils. while for 1990 the values of thee

oils possess an ddehyde content similar to that of California
oiis, while “summer” oils show a value nearer to that of

Arizona oils,
The average ester content for the “summer” Italian oils

is near to the California vafue. For the “winter” Italian oils,

the ester value is very simiiar to that of the Arizona oils.
The average alcohol content is similar to the minimum

vaiues shown by the California oils (early oils) and to the
maximum afcohol values of the Arizona oils (early oils) .13

Italian lemon oils have a composition very similar to that

of Uruguayan oils, particularly of the south of Uruguay,L4
while they have a higher content of oxygenated compounds

(aldehydes, esters, alcohols) than Argentinean oils.L5i6
The comparison of Italian and Spanish oils is difficult

since the results by Boelens for the Spanish oil differ for
each year from 1987 to 1990. The afdehyde values reported
for 1987 are lower than the average values reported for the

afdehyde content are sometimes higher than those for the
“winter” Italian oils. Alcohol and ester contents also show

remarkable differences. 17,18

MandarinOil

Mandarin oil is obtained by “Pelatrice,” “Torch~ and

“FMC” processes. The volatile fraction of mandarin oil

represents shout 96-98% of the whole oil.
Figure 6 shows a chromatogram of a mandarin oil ob-

tained using an SE-52 capillary column, while Table V
reports its composition as single components and classes of
substances. These resuks refer to about 400 genuine indus-

trial samples, which are representative of entire productive
seasons, from 1982 to 1992

The main component is limonene; its percentage varies

from 65% to 75%, while y-terpinene is also present in a high
percentage (16-23%). Oxygenated compounds vary frmn
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Table IV. Composition of the volatile fraction of “Pelatrke,s9 I
,sSfumatrices, and ,’FMC,, winter lemon OIIS I

I

,ricy.lene
U.,hujme

..plnene
cam~hme

,am.ne

p-pi”...
6-methyl-5-h,Pts”-2<ne

myrcem
0,1,”,1

u-Phellmdre”e

6-$,.’,”,
a-lemlnmle

P-cYmene
hrmne”e

(Z)- flmlme”e

(E)-O-odmene
.Iem,nme

ims.sabinene hydrate
mmnol

terpi.olene

,ls-sa.M”ene h“dmte
maw
“0”..,1

cis-+nmm. oxide
tra”,-hmene oxide

camphor

cimnellal
bwnm

terpine”-441
.-!WI”,OI

demnal

XVI mew,
mm + ci!mnellol

CWbo”yl mnwmund
..,.1

W+rltone
,eranio

i.m.ial
mrillaldehvde
kamyl .C.’kte
undecan,l
“Onylacetate
Inelhylgemnate
citronellyl acetate

“WY Weta!e

gemnyl acetate
aoawan,l

decyl acetate
B-cawmhvllene

imsibergm.ame

a-11.nlulme
B-,mtelena .

ds-B-lar”ewle
‘Hn””rolene

wm.r... D
,esq”iterpne

“,1,. . . . .

wrm.cre.. B
s.squiterpene
p-mabolene

‘@em”.

x,
O.ca O.wo

0,446 0.025
1.956 0.0%

0.053 0,0C4
1.9X3 0.205

12.065 1,771

0.003 0.003
1.513 0.080
0.048 0.008

0.053 0.012

0.005 0.002
0.189 0.026

0.149 0.095
65.789 1.721

0.C66 0,022

0.114 0.019
9,597 0.379

0.044 0.007
0,001 O,ocil

0.388 0.028

0.0s6 0.008
0.107 0.013

0.100 0.015
0.005 0.002
0.005 0.003

0.009 0.002

0.096 0.016
0.007 0.002

0.026 0,007
0,172 0,025

0.032 0.006

0,003 0,002
0,032 0,010

0,016 0,014
0.987 0.123

O.wd o.Cn32

0.028 0.W9
1.640 0.208

:.CQ3 0.001

0.020 0.004
0.C04 0.002

0.CC4 0.0’)1
0.026 0,CQ7

0.387 0.056

0.371 0.107
,

;.232 0.031

0.358 0.035

0,016 0.003

0.D48 0.007
0.011 0.004
0,007 0,002

0,019 0.003

0,018 0.009
0,060 0.011

0.043 O.ow
0.535 0.062

0.015 0.002

Pelatrlce Sfumatrlce FMC

x. I
0.036 0.000
0.446 0.025

1.955 0.099
0.053 0.034

1,93! 0,206

12.C66 1,171
0,003 0,003

1,513 0,080
0.048 0.008

0.053 0.012

0.005 0.002 I
0.189 0.026
0.149 0.095

85.789 1.721
0.!266 0.022

0.114 0.019

%597 0.379
0.044 0.C07

0,C41 O,cco
0,s23 0.028

telradem”al 0.003 0.002
2,3-6 methyl-3-(4-methYl-%

oenteny!).2.no,bor”anol 0.015 0.002

mmPherend 0.018 0,002

mblsabolol 0.021 0,C42

“Catkato”e 0.W2 0,(02

hydrmarbms 95.W9 0.413
rm”oterwms 94265 0.460

Sesq.iterpen.s 1.M5 0.139

my.ae.ated wmmwnde 4.157 0.383
.attanyl cwmo””de 2.921 0.326

almllols 0.450 0,070

esters 0.785 0.140

is

O.c.m 0.030
0.458 O.ozt

2.023 0.089
0,060 O,C.24

1,969 0,188

12,246 1,146
0.002 0,002
1,531 0.086

0.049 0.010
0.052 0.012

0.004 0.002
0.193 0.019
0.155 0.082

66183 1.682
0.C63 0,023

0.108 0.020

9.379 0,412
0.037 0.CW6

0,001 O,ccu
0.385 0.021

0.024 O.OM

0.092 0.015
0.100 0.016
0.005 0.004

0.005 0.003

0.007 0.001
0.096 0.016

0.005 0.002
0,024 0,008

0.123 0.025

0,032 0,006
0,003 0,001

0,022 0,008
0.017 0.014
0.W4 0.108

O.wd 0.002
0.016 0.006
1.479 0.179

:.C03 0,002

0.019 0,004

0.’X4 0.001
0.C04 0,001

0.028 0.007
0.378 0.053

0.W8 0.101
t

;.225 0.025

0.349 0.034

0.015 0.002

0.M6 0.006
0,009 0.004

0.007 0.001
0.018 0.003

0.014 0.003
0.061 0.011

0.042 0.005
0.520 0,059

0,015 0,002

0,003 0JY32

0.018 0.032
0.018 0.W2

0,022 O.W1
0.W2 0.031

9&057 0.395
94.751 0.444

1.308 0,126

3.745 0.345
2,656 0.287

0.336 0.069
0.751 0,137

, =trace
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0.009 0.002
0.096 0.016

0.007 0.002
0,026 0,007

0.172 0.025

0,032 0.006
0.003 0.002

0.032 0.010
0.016 0.014
0.987 0.123

0.004 0.002

0.026 0.009
1.640 0,206

!
0.003 0.001I

0,020 0.004

0.004 0.002
0,004 0.001
0.026 0.007

0.387 0.056

0.371 0.107 I
t

;,232 0,031

0,358 0,035

0,016 0,003

0,048 0.007
0.011 0.004
0.007 0.002

0.019 0.003

0,018 0,009
0.060 0,011

0.043 O.oce
0.535 0.C62

0.015 0.W2

0.039 0.W2

95.eo9 0.413
94265 0,468

1.345 0.139
4.157 0.383

2.921 0.326
0,450 0.070
0.785 0.140
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Figure 6. Gaa chromatogram of a mandarin essential oil. Experimental condition: aea Figure 3. For Identification
of components, sw Table V

0.8% to 2,2%. The afdehydes are the main class of the while the content of cz-pinene, ~-pinene and y-terpinene

O~genated cOmpOunds fOllOwed by alcOhOls and esters. decreases during the season.

The esters are comprised mainly of methyl N-methyl Both alcohols and ddehydes decrease during the season

anthranilate,
The composition of mandarin oil varies during the whole

productive season in relation to the ripeness of the fruits

processed.
The reproducibility of the annual cyclic variations of

mandarin oil composition for two different productive swa-
sons is shown in Figure 7 and 8.

Recause of the changes in the oil composition, it is

possible to distinguish the oils obtained in the early season,
when unripe mandarins (green mandarins) are processed,

from those of the second part of tbe productive season,
when ripe mandarins (red mandarins) are being processed,

Monoterpenes show the highest values at the end of the
season (red mandarins), while oxygenated compounds

(alcohols, esters, carbonyl compounds) show an average
content decrease during the season from the beginning
(green mandarins) to the end (red mandarins). Between

October and February there is a variation in total oxygen-
ated compounds from 2% to less than 1% respectively.

Similar variations occur for some oxygenated classes of
compounds, such as carbonyl compounds 0.770 to 0.4qo,

esters 0.5% to 0.3% and afcohols 0.6% to ca. O.1%.
Each monoterpene hydrocarbon identified reveals a

different behavior. For example, the Iimonene content
increases during the season from 68% in October to 73-7470
in Februtuy, the myrcene content remains almost the same

so that their content can be useful in establishing the
production period of a mandarin oil.

Table VI reports the composition of early-season oils

(October-November) obtained from unripe fruits, of mid-
season oils (December) obtained from almost ripe fruits,
and of late-season oils (Janua~-Fehrumy) ohbained from

ripe fruits. This table shows the different composition of the

oil as fruits are ripening.
Itafian mandarin oif shows a higher content ofy-terpinene,

methyl N-methyl anthranilate, thymol and cf-sinensd than
Spanish oil,’8 and a definitely lower limonene content.

Brazifian mandarin oils19 show a limonene content similar
to that of the Italian late season oils (red oils), and a lower

content ofy-terpinene, moreover, they show a high content of
methyl N-methyl anthranilate and tbymol than Italian oils.

The Argentinim oils 1fican be distinguished from Italian
oils by a definitely higher content of limonene, and a lower
content of y-terpinene and methyl N-methyl anthranilate.

However, for a commercial sample of Argentinean man-

darin oil, Wilson and Sha@O reported that tbe methyl N-
methyl anthranilate and thymol contents were 0.65% and

0.18%. The values are higher than the average values of the
Italian oils, which are 0.45% and 0.05% respectively.

BergamotOil

The production of bergamot is limited to a small area of
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Table V. Composition of the volatile fraction of mandarin oil

is Ml” Max

1 a-th.je”. 0.879 0.C63 0.718 1.CW5
2 m.pi.e”e 2.341 0.130 2.000 2.745

3 Cunlphme 0.018 0.002 0.011 0.022

4 ah”... 0.258 0.014 0.228 0,3?3

5 B-pin.., 1.W7 O.I1O 1.388 2.056

6 nlyrcene 1.708 0.050 1.566 1,958
7 .,,,”,1 0.139 0.C47 0,032 0.199

8 @hella”drme 0.066 0.014 0.0S4 0.113

9 8-3-mrme 0.002 0.001 O.GQ1 0.005

0 .-,erpine”e 0.439 0.038 0.264 0.519

1 p-qnlene 0,317 0.127 0.125 0.782
2 mlonme 69.684 1.851 65.303 74.528

3 (Z)-b+clmen. O.ccd 0,C42 0.001 0.0,1

4 (E)-D-mimene 0,020 0.0C4 0.013 0.031

5 ?terpine”e 19.722 1.260 16.227 22,T51

6 tml$-eab”e”e hydrate 0.025 0.011 0.’206 0,059

7 ..,.”01 O.ocd 0.002 owl 0.012

8 teTinole”e 0.86Q 0.053 0.722 1.009

9 cis-sab(”ene hydrate 0.044 0.023 0.008 0.107

0 1(.81..1 0.115 0.034 0.037 0.189

!! “0....1 0,028 0.w)6 0.OC@ 0.042

!2 Citronellel 0.032 0.035 0.016 0.Cd8

!3 lerpinen~-o 0.C40 0.014 0.012 0.082

!4 a-,wpi”..l 0.137 0.052 0.038 0,270
!5 dwanal 0.089 0.011 0,054 0.123

!6 neml + .(trmelln 0.020 0.005 0.007 O.O?d

!7 oafbmyl mnwm”d 0.010 0.0C4 0.003 0.020

!8 “@ml 0.C08 0.005 0.001 0.028

:9 9.~.f.l 0.034 0.002 O.cnli 0.013

0 9eranla1 + PerilfaldehYde O.w 0.012 0.Lm5 0.120

1 alcohol 0,007 0,003 O.CXX 0,020

2 thymol 0.052 0.020 0.013 0.096

:3 undecmal 0.009 0.002 O.W1 0.019

& .Onyl W%la,e O,ocd 0.002 O.KI1 O.oiz

5 cit’o”elly .Ce,ate 0.004 0.002 O,CQ1 0.015

6 “WY ,C#ate 0.004 0.002 O.CQ1 0.012

:7 w,a.yl acetatE 0.005 0.032 0.001 0.013

0 methyl N.memyl.

an!hra”i late 0.447 0.0S6 0.25? 0,657

s dodemnal 0,026 0,C@4 0,016 0,036

0 @aryqhylle”e 0.097 0,012 0.066 0.143

1 a-humulme 0.010 0.W2 0.0Ct3 0,017

2 Z.dcde,e..l 0.020 0.W5 0.005 0.033

3 .-,.1 ,”,”. 0,C41 0,’207 0.024 0.C64

4 .- fmnmene 0.154 0.044 0.071 0.261

5 tew*,am 0.005 0.031 0.001 0.039

6 (Z, E)-fwnesol 0.011 0.W3 0.002 0.017

7 .-s1”.”s,1 0,283 O.MO 0.120 0.526

hydrmarka”s 98.278 0.333 97,162 W,080

nl.nmepenes 97.977 0.374 96.791 98.851

,Ssq.llerpe”es 0.301 0.056 0.l&2 0.448

oxygenated omnvunds 1.581 0.309 0.854 2.219

.wbmyl mmwo”nds 0.883 0.118 0,351 0.999

alcohols 0.446 0.150 0.136 0.005

.S,ers 0.452 0.085 0.283 0.657

the south Calabrian coast, around the Tyrrhenian and Ionian

seas, between Villa S. Giovanni and Brancaleone.
Bergamot oil is almost exclusively obtained by the

“Pelatrice” process with the exception of a small amount
still being produced by the ancient “Calabrese” process.

Its volatile fraction represents 93-96% of the oil.
Figure 9 shows tbe chrornatogram of a bergamot oil

obtained using an SE-52 column; Table VII reports the
composition w single components and classes of subst antes.

These results are relative to about 1,000 industrial genu-
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Idcoholsand eatere for mandarin oils produced during two dlfferant eeaeons
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Table V1.Composition of the volatile fraction of
green (October-November), light (Oecember) and

red (January-February) mandarin OIIS

_Green Light Red
X.X,X*

1 .-mujene 0.9Cd 0,045 0.854 0.050
2 qin.ne

0.790 0.053
2.389 0.095 2.286 0.109 2.17S 0,?18

3 cam~he”e 0.018 0.002 0,017 0.002 0.017 0,001
4 mwlme 0.259 0.012 0,263 0.024 0.248 0.008
5 p-pine”. 1,702 0.083 1.6% 0.115 1.524 0.088

6 myrce”e 1.705 O,(M3 1.689 O.cea ,.?s7 0.051

7 OClmal 0.186 0.018 0,092 0.022 0.0% 0.019

8 .-Phellandrene O.CW 0.010 0,075 0.019 0.080 0.076
9 8-3-carene 0.032 0.001 0.001 0,0C4 0.002 O.col

10 Mepinen. 0.453 0.029 0.419 0,0% 0.389 0.028

11 Wynen. 0.289 0,117 0.421 0.122 0,366 0,115
12 Ilrn.”ene W.W 1.244 70.464 1.402 72.470 1.3?5
13 (Z). fl.ocime”e 0.0C4 0.002 0,W4 0.002 0.005 0.002
14 [E).@dmene 0.021 0.0r24 0,079 0.004 0.018 0.,),)2

15 y,e,p(nme 20.226 0.855 19,237 1.073 17.S04 t .035

16 Irms-sabinene hydrate 0.030 0.010 0.018 0.cH37 0,073 0.004
17 mtsn.1 0.004 0.GQ2 0.003 0.C02 0,003 0.032

18 terPinolene 0.891 0.039 0.839 0.043 0,797 0.039
19 .1,-sW”,”. hydra!. 0,054 0.020 0.027 0.011 0.017 MM

20 malco 0.130 0,025 0.093 0.022 0.066 0.016

21 ..”.”,1 0.030 0.004 0,024 0,007 0.020 0.W5
22 .(1,0”.11,1 0.032 0.005 0.031 O,OM 0.029 O.OC+
23 teI@nen.4.ol 0.C46 0.012 0.028 0.008 0,023 0.007

24 ..tepineol 0.161 0.041 0.093 0,023 0,069 0.023
25 deomal 0,091 0.009 0.C43 0.013 0.083 0.012

26 mm+ citronellol 0.022 0.004 0,018 0,003 0.016 0.004

27 mti”yl CMnoou”d 0.012 O.C@d 0.C48 0.001 0.037 0.002
28 “em 0.0G9 0.005 0.007 0.C@d O.CWE 0.003
29 germol 0,004 0.032 0.005 0.033 O.col 0.000

30 wra”ial + wrillaldehyde 0.052 0.010 0.041 0.015 0,039 0.011

31 alcohol 0,008 O,CW 0.0C4 0.W2 0.005 0.W2
32 thym! 0.060 0,016 0.042 0.011 0.026 0.010

33 u“d.cmal 0.009 0,x)2 0,009 0.CQ2 O.ow 0.W2
34 rmlyl .Celate 0.003 0,001 0,004 O,CQ1 0.005 0.w2

35 CItmnelly acetate 0.002 0.001 0,002 O,oco mm 0.W2

36 “W acetate 0.033 0.001 0.004 O.oca 0.0C6 0.C02

37 germyl .calal@ O,CW 0.001 0.007 0.001 0.007 0.002

38 methyl N.methyl-
a.thm.il,,e 0.473 0,082 0,410 0.066 0.361 0.039

39 dode-smal 0.025 0,003 0,025 0,003 0.029 0.005

40 RaryoPhylln”e 0.101 0.011 0.093 0.0?2 0,082 0.007

41 m-humulene 0.010 0.002 0.009 0.002 0.009 0.002

(2 Z-d.adem”al 0.019 0.0C4 0.020 0.0C4 0.024 O.OW

(3 m-selenene 0,C43 0.005 0.C41 0.007 0.034 0.0C8

!4 .-famlesene 0.163 0,043 0,150 0,0% 0.116 0.032
$5 Wradecanal 0.035 0.001 0,006 O,OCO 0,006 0.001

m (z, E]- fma..l 0.010 0.003 0.011 0.002 0.012 0.003

67 .-,(”.”,,1 0.?02 0.054 0.280 0.036 0.216 0.046

hydmcatins 98.136 0.260 98.510 0.199 98.714 0.192
mooo,erpe”ea 97.820 0,298 98,217 0,205 98,472 0.202
sequiterwnes 0.316 0,052 0.293 0.042 0.241 0.039

myge”aled cvmwu”ds 1,728 0.214 1,329 0,150 1,137 0,1%
wtm”yl c.am$.a”nr+s 0.738 0.078 0.591 0,081 0,517 0.081

alcohols 0.515 0.115 0.3’26 0.071 0.243 0.06d
.s,.,, 0.476 0.083 0.412 0.088 0.376 0.042

ine samples, which represent whole productive swasons

from 1984 to 1992.
Bergamot oil is marked by a content of oxygenated

compounds which is higher than that of any other com-
mon] y encountered citrus fruit oil. The main oxygenated
constituents of bergamot oil are Iinalool and linafyl acetate.

Limonene, which is the main component of the other citrus
oils (its percentage is generally more than 60%), never
exceeds 55% in bergamot oil. Generally, the Iimonene and
Iinalyl acetate cont&ts of bergamot Oii are similar.

vol. 19, November/December 1994
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Figure 9. Gaa chromatogram of a bergamot essential oil. Experimental condition: aaa Figure 3. For idantlflcatlon
of components, aaa Table VII

Linalol

i! \ i: >
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Figura 10. Variation in average contant of Ilnalool and Hnalyl acatate for bargamot eeeentlal 011during the
productlva season

The ranges observed in the oil composition are rather
wide, as shown by the standard deviations reported in Table

VII, although the oils referred to a narrow period of time
and to a limited production area of the fruits.

Oxygenated compounds vary from 19% to 60% even
though 75% of the samples possess values between 32% and
46%; alcohols vary from 2% to 20%, even though 80% of the

samples are in tbe range from 570 to 12% and esters vary
from 17% to 41% even though 80% of the samples range
from 24% to 34%.

These quantitative differences in composition are due to

tbe influence of the area where the fruits are produced and
of the production period.

For example, the Iinalool content is highest at the begin-

ning of the productive season, after which it decreases
during the season and reaches the lowest values in March,
while linalyl acetate exhibits an opposite behavior. Figure
10 shows the trends of Iinalool and Iinafyl acetate duringtbe
productive season.

The composition of the essential oil depends on the
provenance of the fruits, the latitude but not tbe altitude

being the determining factor,
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TableWI. Composition of the volatile fraction of bergmnc.t c.i

1
2

3
4

5

6
7
B

9
D

1

?
3

4
5

6
7

3
?

)

$

3
c

1

3
2

)

I

3
t

7
3

3
1

I

3
4

3
7

3
3

)

!

3

%

Iricy.kne
m.lhuime

..pinnne
mrndl.n.

sake

p-pine..
6-methyl-5-~Pt.n.2+ne

m,m..
C&”al

a-Phellandrene

&3<*,ene
.-!ermene

wm.ne
M.....
(Z)+c-mle”.
(E).@Mmerw

‘@rpnen.
trms.saUnme hvdrate

ccianol
Ierdnolme

ltnahd

Wxla”al
cle41monene oxide

lmn,-llnwnene Wide
isc@e@

camphor

C+tmllal
&winen.4.ol
m-tapneo,

dma”al

cay acetate
“,,.1+citrondbl
..,,1
ci,-saMnme hydrate .cela,e

In.lyl . . . .. ..

gwa.ial
bomvl acetate

u“d:canal
nmyi am!.!,
me!hylwmmte

m-f a.eta,e

9.m.Yl acetate
dcdma”al
dmyl a.xtat.

~~.wwl..e
lkan8-n-be<@mate”e

m-hunlule”e

[Z)-p-tmnese”e +
(z)-b,fmmlene

9emacm.e D
Se.qullewe”e

wmacmm S

.-larnewre . sm.quileT.9ne
p-biatde”e

Indmnal
).eleme”,

@@Phell.ndr.ne

[E)-n.r.tidol

IWmdecmal
2,34Lmetiy1-3-(+metW-3-

pm”tenyl)-z-”orbonla”.a
Carnpherenol

mMEnbolol
“Catkatone

Wdrmb.ns
m..oterpe”e*

sasq”l!epnes
owge”ated cmlP.aunds
catinyl wmmu”ds

alcohols
est..

t = trace

x

0,004

0.357
1.354

0.038
1.278

7.517

0,CC6
0,998

0,050
0,030

0.003
0.171

0.236
39.722

0.025

0.25?
8.?50

0.039
0,C02

0.359

7,756

0.035

0.005
0.005
0.003

0.033

0.015
0.G22

0.059
O.M1

0,114

0,030
0,228

0.089
27.94E

0.3E3
0.019

0.008
0.018

0,005

0.0?2
0,029

0,172
0,027

0.345

0.381
0.031

;.352
0.301

0.027

0,C63

owl
0.016
0.015

0.039
0.426

:.012
0.007

0.019

0.007

0.011

0.015
0.016

0.031

61.984
eo.e79

7.305

37.839
0.769
7.924

29.143

s

O.c.m

0.045
O.lee

o.(“35
0.170

1.047

0.002
0.113

0.009
0.005

0.031

0.C43
0,147
4.520

0.C.)5

0.033
0.958

O.om
0.003

0.042

3.269
0,C09

0.CJ32
O.cell
O.W1

O.cw

0.G04
0.W4

0.012
O,oca

0,016

0,017
0,032
0.01 i

4.128

0.@43
0.003

0.002
0.W4

0.032

0.012
0.038

0.030
0.CQ8
0.082

0.116
0.035

0.049
0.036

0.C”34

0JX6

0.010
0.(02
0.W4

O.cce

0.054

0.C02
0,CQ2

0.LM3

0.092

0CQ2

0.CQ3
0.W3

0.015

6.35Z
6.284
0.144

6.324
0.079
3.287

‘%026

Ml”

o.ciY2
0,160

0.731
0.022
0.113

4.374

0.W2

0.650
0.025
0.013

0.001

0,081
0,040

24.073
0.017

0,021

5.386
0.022
0.030

0.210

1.578
0,012

0,002
0.003

0.002

0.001
0.0!24
0.013

0.030
0,037

0.!262

0.CJ38
0.122

0.057
15.087

O.lw
0.010

O.ccm
O.cw

0.(02

0.009
0,016

0,C9.3
0,002

0.136

0.1?4
0.011

0.225
0.211

0.017

0,043

0.0S9
0.010
O.oc+

0.023

0.298

0.0G9
O.ocd

0,012

O.ocd

0.0C6

O.ooa
0.011

0,011

39,474
38.163

0.012

19.389
0.379
1,693

16.854

Max

0,035
0.491

1.W4
0.052
2.044

11,024
0.019
1.810

0.078

0.043

0.005
1.187
0.843

E4.851
0,C63

0,418
1!.378

0.057

0.031
0.475

20.260
0.067

0.015
0.011

0.CJ37

0.rY37
0.032

0.M2
0.101
0.086

0.223

0.117
0.718

0,124
40.375

0.537

0.031
0.024
0.035

0.024

0.073
0,058

0,272
0,058
0.662

0.840
0.051

0.551
0,437

0.c45

0.087

0.106
0.027
0.040

0.093

0.W8

0.017
0.013

0.027

0.013

0.021

0,025
0.026

0.099

80.446
79,!242

1.894

60.179
1.236

20.491
41.411
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zo~
12345%7 8940

Plcducu*Alms

Linalol

,: ,L ,: <

4- 24-

0 20

1234 78910 1234 78Q1O
Prca:ah :leaa Pd:tim L*

Figurs 11. Variation in average content of Ilmonene, Ilnalool and Ilnalyl acetate for bergemot oils in mdetionto the
production aress

Inparticularthe monoterpene and sesquiterpene hydro- linalyl acetate and linalool contents, but poor olfactory

carbons show the lowest values at the hi~hest latitudes. both oualities.
a

on the Tyrrhenian and Ionian side, while the highest values

are shown by the oils obtained from fruits which came from
South Cafabria. In contrast, oxygenated compounds exhibit
an opposite tendency.

Figure 11 shows the behavior of Iimonene, Iindool and

Iinafyl acetate in relation to the origin of the fruits. In this
figure tbe Cdabrian productive areas have been grouped
into ten homogeneous sectors.

Bergamot oil from Corsica and the Ivory Coastzl possess

Iinalyl acetate and linalool contents higher than the average

content of the Itafian oils, in fact the linalool content is

sometimes higher than the maximum value found in the
Jtafian oils.

It is opportune to explain that very high levels of Iindool

and Iinalyl acetate are not always found in the bergamot oil
of the best olfactory characteristics. During our research on
bergamot oil,glo we analyzed some samples obtiained from

fruits harvested in tbe interior regions of Cafabria, where
traditionally bergamot is not grown, and they showed high

Sweet Orange oil

Sweet orange oil is generally obtained by “Pelatrice” and

“FMC processes. The extraction technology employed
depends on the type of the fruits processed and mainly on

the quality of the juice required. The juice is the most
important product of sweet orange, while the oil represents

a less vafuable product. The volatile fraction represents
about 96-99!% of the oil.

Figure 12 shows the chromatograms of an early-season

blond orange oil and of a red orange oil obtained using an
SE-52 capilla~column. The chemical composition of sweet
orange oil given as single components and classes of sub-
stances can be seen in Table VIII. These results are relative
to 190 industrial genuine samples representative of the
1991/1992 productive season

Limonene is the main component; its content represents

about 9570 of tbe voiatile fraction. Among the other mono-
terpene hydrocarbons only myrcene exceeds 1%. Oxygen-

Vol. 19, Nwembermecernbsr 1994
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Figure 12. Gaa chromatograms of blond and blood sweat orange oils. Experimental condition: aaa Figure 3. For
Identllication of comfmnanta, aee Table WI
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ITALIAN CITRUS ESSENTIAL OILS

Table VIII,Composltlon of the volatlle fraction 01
sweetorange oil

X5 Min Max

1 a-thujene 0.W5 0.002 0.003 0,011
2 a.pinene 0.514 0.031 0.440 0,659

3 Cmnphene 0.c03 0.00, 0.02, 0.0C4

4 saw”.”. 0,494 0.198 0.245 i.OEd

5 P-pinene 0.026 0.016 0,018 0.140

6 myrca.. 1.871 0,w6 1.711 2.519

7 Cctanal 0,793 0.086 0.070 0.388

8 .z.phe!landrene 0.050 0.CX19 0.026 0,084

9 &3<aJene 0.125 0.C40 0.017 0.251

0 ..terpinma 0.004 O.CQ1 0.001 0.C47

1 mm”.”, 95.210 0.483 93,928 95.895

2 (Z)-p-cdmene O.m 0.002 0.002 0.0,4
3 (E)-@-@me”e 0,0s3 0.014 0.014 0.086

4 mm.”, 0.021 0.017 0.W2 0.098

5 tra”s-saMnme hydrate 0.W7 0.003 O,COI 0,016

6 .,!..01 0.012 0.008 0,202 0.036

7 telpinde”e 0.027 0.007 0,012 0.052

8 Iinalml 0,412 0,081 0,253 0.666

9 “0”,”,1 0.026 0.013 0.016 0.067

0 cis-flmma”e oxide 0.011 0.C05 0.W2 0.027

1 !rans.timme”a oxide 0.018 0.C05 0.007 0.036

2 .11,0.,11.1 0.038 0.038 0.021 0.088

3 ,e,pinen4-0 0.005 0.W2 0.001 0.013
4 .-,erpineol 0.042 0.015 0.025 0.099

5 decanal 0.177 0.059 0.094 0.359

6 ml acme 0.007 0.c03 0.001 0.018

7 .Is-cawea 0,005 0.C02 0.001 0,012

8 “.,01 0.012 0.CC4 0.004 0.024

9 “.,.5 0.!249 0.018 0.023 O.lW

0 9fm.i.l 0.C05 0.CQ2 0.001 0.013

1 9-a.f,l 0.073 0.026 0.031 O.lM

2 Perillaldehyde 0.038 0.003 0.004 0.016

3 bornyl acetate 0.010 0.0C4 0.005 0.024

4 undamnal 0.@39 0,002 0.003 0.015

5 now .C.tale 0.W3 0.001 0.001 O.CW

6 .-le,pinyl acelate 0.C03 0.002 0.001 0.CC9

7 CItronellyl ,Wate 0.C05 0.002 0.001 0.010

8 my acetate 0.W7 0.001 0.003 0.013

9 .-COP,.”* 0.021 0.0C6 0.013 0.093

0 9emyl ac-tf 0.CQ8 0.002 0.004 0.014

1 13-wbsbene + Wm... 0.023 0.005 0.007 0.037

2 dcdeca”al 0.029 0.013 0.010 0.079

3 decy acetate 0.C09 O.cw 0.003 0.026

4 fl<myo~hylle”e 0.017 0,0C4 0.011 0.032

5 .-mm.”, 0.016 0.W3 0.008 0.028

6 .-h.m.le”e 0.CQ5 0.002 0.001 0.014

7 (Z)- fi-fmesmle 0,012 O.CQ 0.002 0.031

8 wnuur.lene 0.017 0.CQ3 0,005 0.025

9 w~acrene D 0,010 0.CMX 0.001 0.026

0 ..4,” . . . . 0.124 0.094 0.019 0.409

1 pcaa”e”e 0.004 O.C.T 0.001 o.cm9

2 .- farms.. 0.010 0.035 0.0C4 0,028

3 maa.ene 0.023 0,C03 0.015 0.030

4 tridecanal

5 (Z)-”er.idol :.003 0.031 O.W1 0.008

6 Ietradecanal
7 p.si”ensal :,022 0.010 OX.3 0.Cd8

8 a-%i”e”sa 0.014 0.007 0W2 0.039

9 “mtka!me 0.012 0.007 0.W2 0.036

hydrma!tam 98.549 0.303 97.739 99.048

rmlo,e,penes 98,3%9 0.310 97.561 98.939

senqu(terp”es 0.151 0.020 0.098 0.280

OXYW”NWJ COnWOUnds 1.235 0.314 0.783 1.961

mtmnyl commu”ds 0.654 0.218 0.333 1.184

akohols 0.503 0.107 0.321 0.825

esws 0.050 0,014 0.028 0.103

.Iphalw alrMhyrJas 0.444 0,192 0.209 0.889

IWFS”LC ddehydes 0,203 0.C63 0.085 0.340

, =,,,..

ated compounds range from 0,8% to 2%; aliphatic alde-
hydes (the content of which generally represents an impor-

tant parameter for the quality of the oil) are the main

Owgenated class of compounds, then come the alcohols
(Iindool is the main component), and finally the esters
which never exceed 0,1%,

The type of the fruits (with hhmd or blood pulp), the

huvest period and the extraction technology influence the
composition of oil, Because of the different ratio of wateri

oil used in the two extraction machines, the oils obtained by
“Pelatrice” generafly have a higher content of oxygenated

compounds and a lower content of mmmterpenes than
those processed by “FMC.”

Early- and late-season oils obtained by processing blond
fruits generally show a similar composition; this composi-

tion is different from that of the nils obtained from blood
oranges.

The blond oils generally show a higher content of ov-
genated compounds, especially aliphatic aldehydes, and a

lower content of monoterpenes than blood oils.
Tables IX and X show the differences between “Pelatrice”

and “FMC” sweet orange oils and between blond and blood
oils, while Figures 13 and 14 report the trends of some
components and classes of substances.

As can be obsemed in Figures 12 and 15, the oils

obtained from blond or blood fruits can be distinguished by
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ITALIAN CITRUS ESSENTIAL OILS

Table IX. Composition of the volatile fraction

of “Pelatrice” and “FMC sweet orange oils

_ Pelatrice FMC
X8 is

1 .-thuiene 0.CQ5 0.002 O.W 0.00,

2 .-PI”,”. 0.506 0.036 0.523 0.020
3 CWnPhena 0,003 O,CQI 0,003 O.cml
4 Sab,nme 0.593 0.2,2 0.382 0.0%

5 $.pinene 0.044 0.0,7 0.028 0.0,0

6 myrcane 1,862 0.722 1.881 0,053

7 Cc,anal 0.238 0.080 0.144 0.c63

8 mPhellmdrene 0.051 0.009 0.c49 0.0Q9

9 &3-care”. 0.107 0.036 0.145 0.035

0 .-tevine,e 0.004 O.CQ, 0,006 0,001

! hlmm”e 94944 0.482 95.508 0.255

2 (Z)- fi.wimew O.m 0.002 0.CC6 0.002

3 (E)-kodme”e 0.040 0.017 0.026 0.006

4 ‘ttemlnene 0.028 0.018 0.012 ‘3.C”28

5 Irans.saN”e”e hydrate 0.C09 0.003 0.006 0.021

6 mlmol 0.017 0.007 0.C07 0,004

7 te~inole”e 0.023 0.CQ5 0.0s0 0.006
8 Itnal.aol 0,459 0.078 0.359 0.CM3

9 “0”.”.1 0.041 0.0,3 0.02s 0.C48

o CI,-nmmene owe 0.013 0.005 0.cc’8 0.005

1 W“s.mlo..ne oxide 0,020 O.cm 0.015 0.003
2 cilronela, 0.C40 0,CQ8 0.036 0,006

3 lefLin.n4.0 0.036 0.003 0,004 0.C42

4 .-terpine.l 0.051 0.015 0.032 0,005

5 decanal 0,210 0.C47 0.141 0.048

B ccly acetate 0.007 0.cw3 0,006 0.CQ2

7 cis.caveo 0.005 0.002 0.004 O,CQ1

B ml 0,014 0.’304 O.0~ 0 0.003

B “,,.? 0.058 0.0?8 0,038 0.011

D geran(ol 0.006 0.C02 0.005 0,001

1 9er.nial 0.087 0,026 0.057 0.018

2 Penllaldehyde 0.010 0.003 0,007 0.002

3 bornyl maw. 0.011 0.004 0.029 0.003

4 Wldemlld 0.010 B.002 O,(K)9 0.CH32

5 now acatate 0.004 0.032 0,CJX3 0,001

6 .-twp”yl acemte 0,024 0.022 0.003 0.W2

7 .itrowlly acetate 0.W4 0,002 0.005 O.CQ1

3 nay,.,,.,. 0.W7 0.001 O.CO, 0.001

3 .-COW,”. 0.020 0.008 0.021 0.002

1 9erw acetate 0.007 0.002 0.0C8 0.001

1 P-Cubebene + P-eleme.. 0.022 O.CW 0.024 0.005
2 dcdecanat 0.034 0.0,2 0.023 0.013

3 decy . ..!.!. 0,CQ9 0.007 0.009 O,w

a &cwyoohyllene 0.017 0,004 0.017 0.004

5 mmd”e.e 0.018 0.003 0.015 0.002

j a-humulene am 0.WJ2 0.CQ5 0.’2’32

7 [Z)- fl-tmmse”e 0.014 O.CO, 0.009 0.004

9 Tm..mlem 0.016 0.0rX3 0,017 0.023

3 wmmr,rene D 0.W9 0.005 0.011 0.CC6

3 “,1.”..”. 0.105 0.080 0.145 0.103

1 ycadme”e 0.005 0.001 0.CC4 0.001

2 .-fmlesene 0.013 0.005 O.m 0.003

3 a-came”. 0.023 0.033 0.023 0,002

4 ,,idwm.a ,

5 [Z)-nerokm 0.003 O.CQ1 ;.003 0.031

5 twaawam

7 p-,i..nsa ;.0213 0,010 ;.017 0,008

9 ..s1”..s,1 0.016 0.008 0.011 0.005

D nm!katme 0.011 0.005 0,013 0.009

hydrocarbons 98.369 0.246 98.752 0.221

rmn.atep”e. 98,216 0.2% 98.603 0.225

%,q.ite,p.nes 0.153 0.024 0,149 0.013

ow9enated .omP..nds 1.429 o.2m 1.017 0.202
CWbmyl COmpowds 0.776 0.!88 0,517 0.160

alcohols 0.589 0.100 0.428 0.050

esters 0.050 0.017 0.049 0.009

Mi?hetic .Idehyden 0.533 0,137 0.344 0.126

lerPe”lc aldehyde, 0,237 0.C60 0.165 0.C40

t. trace

Table X. Composition of the volatile fraction of
blond and blood sweet orange oils

Blond Blood
Es ?s

1 cothuja”e 0.006 0.002 0.004 Owl
2 .-p!”,”. 0,5C8 0.035 0.520 0.026
3 cmmhene 0.003 0.001 0.W3 O.cm
4 mbinene 0.625 0,215 0.387 0,089

5 P.Plnene 0.C47 0.017 0.028 0,W8

6 nlyrcene 1,8% 0.103 0.089
7 OCtmlal 0,272 0.061 % 0.037
8 .-pherla”drme 0,051 O,ckx 0.050 0.010
9 &3m,e”e 0,107 0.0s3 0.144 0.036

0 a-term”,”. 0,C03 0.001 0.005 0.001

1 I(nl.mne 94.847 0.423 95.5rX 0.286
2 [Z). fl.oclmene 0,006 0,CQ2 0.0C6 0.002
3 (E).b.mime”e 0.C42 0,017 0.026 0.CC6

4 rterwene 0.029 0.019 0.014 0.010

5 tran..sahnmle hyorate 0.009 0.003 0.CC6 0.00,

e Cctarm 0,018 O,CC’7 0,008 0,004

7 Ierpi”ol,n. 0.023 0.005 0.030 0.037

8 tinalca 0.478 0.070 0.358 0.039
9 “0”,”.1 0.045 0.012 0,028 0.007
0 Cis-timonene ..lde 0.014 0.035 0.OW 0.005

1 Irms.limonene oxide 0,020 0.005 0.016 0.034

,2 dtrmell,l 0.041 0.010 0.036 O.OCd
3 lew(”en-4-ol 0.007 0,002 0.K14 0.002
4 ..temi”eo, 0.053 0.015 0,0$4 0.008
5 decanal 0.229 0.044 0.135 0.027

6 mlyl acetate 0038 0.003 0.006 0.CCJ2
7 .is.cmveo, 0.005 0,002 0.0(34 0.001
8 “.,01 0.015 0.004 0.010 0.004
9 “.,.1 0.064 0.015 0.037 0.008

0 geranio 0.006 0.002 0.004 0.001

J w~an[al 0.095 0.021 0,055 0.013

2 Perillaldehyde 0.010 0.002 0.026 0.001

3 bomyl acstate 0.012 0.004 0.CG9 0.002

4 undecmal 0071 0.C$2 O.&m 0.00?

5 .Orlyl acetate 0,004 0.001 0.003 0.001

6 m-terci.yl acetate 0.C03 0.001 0.003 0.CQ2

7 cit’onel!y( me,a,e 0.0C4 0.002 0.005 0.002

8 “q acetate 0.007 0.001 0.W7 0.001

B .-cop..”. 0.019 0,002 0.022 0.007

0 WWY acetita 0.007 O.cm 0.000 0.CX32

1 O*ukben. + lW@mene 0023 0.005 0.023 0,006
2 dadem”al 0.038 0.013 0.021 0JQ6

3 decyl metate 0.0C9 0.007 0.010 0.CQ5

4 P-c+wophyllene 0.016 0.002 0.018 0.005

5 m-cad,”,”. 0.018 0.003 0,016 0.002

6 .-hurn”lm o.m4 0.w2 0.005 0.002

7 (Z).b.fmlese”e 0.015 0,007 0.009 0.004

8 ?muurolene 0,016 0.003 0.017 0.C$J3

9 9e~mac~e.e D 0.CK17 0.003 0.011 0.C06
o “%”..”. 0.078 0.049 0.182 0.iC4

! ?Cadinene 0.005 0.001 0.C@4 0.001

2 .-I., . . . . . . 0.013 0.005 0.W8 0.CQ3
3 &caamene 0.023 0.CJ33 0.023 0.002
4 tridecanal ! t

5 (Z).neroUdol 0.W3 0.001 0.003 0,001

6 telredecmal t

7 p-,i”.nsal ;.029 0.009 0.016 0.037
8 ..sinensa 0.018 0.008 0.011 0.K15

9 noolkato”e 0.010 0.005 0.013 0,008

hydrmmbms 98.298 0.2C4 98.75d 0.197

rnmo,eme.es 98.145 0.213 98.6C4 0.206
sesq”ltepnes 0,153 0.021 0,,50 0.019

cmygenated comPOu”ds 1.533 0.196 0.991 0, i 25

mrbo”yl mrnwu”ds 0.857 0.143 0.488 0.093

alcohols 0.593 0.088 0.429 0.050

esters 0.050 0.016 0.049 0.011

MPhaflc aldahydes 0.594 0.108 0.321 0.068

terPe”ic .Idehydm 0,257 0,048 0.159 0.032

, = mm
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Figure 13. Vsrlatlon In sverege content of some classes of substances for sweet orange oils processed by
“Pelatrice” snd “FMC mschlnes

their wdencene content; it is higher in blood oils, especially
late-swason oils, and is generally lower in blond oils,

The variation trend of the aldehyde content of Italian
sweet orange oils is different from that of North American

oils. In these oils the aldehyde content increases during the
productive sea.son.22-z4

The aldehyde content of Italian oils is the same or a little
higher than those of Spanish’T’” and South American

oilslfils.zs h“t lower than that of Florida, California and

Israeli oils .2627

Bitter Orange Oil

Bitter orange oil is produced by the usual industrial

techniques such as “Pelatrice,” “Sfumatrice,” “Torchi,”
“FMC.” The volatile fraction of bitter orange oil represents
about 95-97% of the oil.
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Figure 16 shows the chromatogram of a bitter orange oil

obtained using an SE-52 capillary column. The composition
of the oil as single components and classes of substances can

he seen in Table XI. The results reported in Table XI are
relative to ten absolutely genuine industrial samples ob-

tained during the production season 1991-1992,
The main component is limonene, the content of which

always exceeds 9370, Among the minor monoterpene hy-
drocarbons, only myrcene exceeds 1%.

Lindyl acetate is the main oxygenated compound of
bitter orange oil, and it represents the major put of the
esters. Linafool is the main alcohol, while octanal and

decamd are the main carbonyl compounds.

Oxygenated compounds do not exceed 2,2%. Esters

range from 0.8% to 1.4%; carbonyl compounds from 0,3570
to 0,63% and afcohols from 0.33’% to 0,46%.

Italian bitter orange oil possesses higher contents of

afiphatic tmdterpenic aldehydes, linafyl acetate and linalool
than Spmish bitter orange oil, while the content of a-

terpineol and nootkatone is lower. In comparison with oils
produced in the Ivory Coast, the Italian oil possesses an

equivalent lindyl acetate content while the Iimdool and a-
terpineol contents are higher and lower respectively. In
both oils nootkatone was either absent or present as a trace
constituent. When compared with Brazilian oils, the Italian

oil is richer in an aliphatic aldehyde, linafyl acetate and

im:Z
DEC JAN FEB MAR APR MAY JUN DEC JAN FEB MAR APR MAY JUN

!@ :Zl

DEC J#N FEB MAR APR MAY J“N DEC JAN FEB MAR APR MAY JUN

!@, {@

DEC JAN FEB W APR MAY JUN WC JAN FE8 MM WR MAY JUN
* Bk,w dk + EM da

Figure 14. Variation in average content of some classes of eubstalcee for blond and blood sweet orange oile
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Table Xl. Composition of the volatile fraction
of bitter orange oil

X s Ml. Max

1 hw?.m 0.001 O.cnl O.occ 0.003

2 a-thuje.e 0.008 0.022 0.0C4 0.009

3 .-pine”* 0.563 0.019 0.521 0.585

4 .Wnphene 0.007 0.001 0.005 0.007

5 ,.w”ene 0.315 0.064 0.283 0.452

6 b-pine”. 0.940 0,159 0.6% 1.281

7 myrcene 1,789 0.039 1.705 1,843

8 C.21mal 0.135 0.024 0.IC8 0.191

9 r%Phella”dre”e O.wa 0,010 0.045 0.082

o &-3-carme 0.003 0.001 0.031 0.005

1 ..tefpnene 0.002 0.001 0.031 0.005

2 pqrrle.e + mm”.”, 93.563 0.2,8 93,20’3 Wire!

3 (Z)-p-cdnlene 0.010 0,003 Owe 0.014

14 (E).D.cdmene 0.308 0.061 0.187 0.S82

5 ?,erpinene 0.056 0.041 0.007 0.127

6 tra”s-sahJ”e”e hydrate 0.033 0.002 0.oo2 o.c”x

7 Cclmm 0.035 0.C@4 0.001 0.014

8 lerpinolene 0.007 0.W2 0.004 0.010

9 .is-saMnene hydrate 0.001 O.ccn O.ocm O,cm

w 11”.10.1 0.270 0.C42 0.199 0.333

!1 “0”.”,1 0.0’27 0.006 o.ot5 0.036

!2 cis.limmme oxide 0.005 0.004 O.CQ1 0,010

!3 trans-lmo”s”e oxide 0.003 0.002 0.C”31 0.0C8

!4 ia.mleg.a 0.003 0.002 O.CC1 0.0C6

!5 W.mella 0.005 0.004 0.W2 0.015

!6 bmfmol 0.W2 0.001 0.001 0.005

!7 “0”,”.1 Ocm O.ow 0.001 O,ml

,8 ,Mpinend-o 0.0?4 0,003 0.001 0.C08

!9 a-,erpinml 0.C42 0.cQ8 0.030 0.059

0 decmal 0.123 0.026 0.IC6 0.194

,1 Ocly ,.,,.,. 0.038 0,C08 0.0S2 0.050

,2 “.,.1 + .1!,0”,1[0 0.004 0.002 0.001 0.007

3 ..’.1 0.045 0.008 0.032 0.055

4 Piwrit..e 0.002 0.001 O.W1 0.003

15 ti.alyl acetate 0.894 0.152 0.M2 1.?73

E ger.mial 0.074 0.017 0.048 0.098

,7 wrlllaldehyde 0.009 0.032 0.005 0.011

,8 “ndecmal 0,008 0.W6 0.001 0,015

,9 .myl mtale 0.003 0.Cd2 0.001 0.008

,0 .,!., 0.016 0.007 0.025 0.028

,1 ..WW.YI ac8tate 0,CC6 0.001 0.C@4 0.007

,2 citronella .Cwta,e o.cm7 0,001 0.005 0.009

3 “WY acetate 0.020 0.003 0.016 0.024

4 ww acetate 0,098 0.014 0.075 0.114

5 dodeca”al 0.015 0.W4 0.010 0.026

6 decy acetate 0.027 0.007 0,010 0.038

7 omv.PhYll.m 0,052 0.010 0.035 0.053

8 Irans-o-berwnolene 0.014 0.004 0.009 0.019

.9 mhumulene 0.007 0.002 0.004 0.C09

n $-samalene 0.009 0.W3 0.003 0.012

1 mrbmyl COnwwnd 0,012 0.002 0.C43 0.015

z wmac,ene D 0.1C8 0.014 0.W7 0,12d

3 wm.cmne B O.LXM 0.001 0.007 0.011

x Pbisamla.e 0.C03 0,002 0.001 O.CC+

,5 P-sesq”iPhella”drene 0.009 0.CR31 0.007 0.012

6 (E]-”eddol 0,062 0.012 0.045 0.083

7 tetrad-anal 0.w2 0.001 O.W1 0.003

8 (Z, E)-IWIWSO O.ccd 0.003 O.CQ1 0.012

,9 .-si.ms.l 0.031 0.001 0.000 0.032

0 nmtkatme 0.00? O.W1 0.000 0.W2

hydmcartmns 97.8?$ 0.195 97.4W 98.079

mon.terpenes 97,6’25 0.185 97.29t 97.345

Snsq.lt.m”.e 0.211 0.032 0.167 0.2m

ow9enated .Ommunds 1.264 0. i W 1.s47 2.202
catt-myl Cmwwnd$ 0.459 0.078 0.349 0.6’29

alcohols 0,397 0.039 0.3?3 0.459

esters 1.108 0.163 0.825 1.407
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Figure 15. Variation in averaga content of valancane
for blond and blood sweet oranga oils

Table XII, Comparison of some components
for different biffar orange oils

Inaly** agalnq7<9 Ivory Brazil10
coasP

ahi?hdc aldehyde, 0.310 0,116 0.281 0.17”

WQe”ic aldehyde, 0.128 0.092 0.,,9 0.17

Noalco 0.270 0.152 0.401 0.21

a-terpi.eol 0.C42 0.567 0.081 0.07

malyl acetate 0.894 0,234 0.070 0.37

nootk.!me 0.001 0.0?.2 O.W1

‘This result dces “O, include cctmlal

linalool while it contains less of a terpenic aldehyde and a-

terpineol than Brazilian oils. In both oils nootkatone is
either absent or present as a trace constituent, The differ-
ences mentioned above can be seen in Table XII.
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