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Italy is one of the leading countries in the production of
citrus oils, The olfactory characteristics of Italian cold-
pressed oils are extremely good and, even if sometimes the
products are more expensive than those produced in other
countries, there is a demand for these cils because of their
quality.

However, sometimes the market competition, together
with a limited interest of the people who buy the oils with
regard to the quality of the products, induces the producers
to adulterate the oils with products of low value. It is our
belief that Italian oils will only have a special place in the
world market as long as their quality and genuineness can be
guaranteed. Mainly there are two types of adulterations for
cold-pressed citrus essential oils.

One is the rough addition of some natural and/or syn-
thetic products of low value. In such cases the aim is not to
try to get a composition of the oil exactly similar to a genuine
one, but what is important is “passing certain examinations”
like percentage of residue, density, optical rotation, citral
content, ester number, UV absorbance, etc.

Some conventional techniques can be useful in detect-
ing these kinds of adulteration. One such method is thin-
layer chromatography which facilitates the detection of
products added as UV absorbance modifiers.!? Another
technique, such as packed column gas chromatography, can
be used to detect the addition of the fatty acids of castor oil,?
which are usually added in order to increase the nonvolatile
residue of the essential oil. GC can also be used for the
detection of neral and geranial,* the ratio of which is very
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important in order to ascertain whether a lemon oil is
genuine, since this ratio is almost always constant and can be
taken as a reference parameter.

The second type of adulteration is, from an analytical
point of view, most interesting. It includes the sophisticated
adulterations which make the oil very similar to a genuine
one. In such cases, additions of natural and/or synthetic
products of low value are used to get an economic profit
while attempting to maintain the qualitative or even the
quantitative composition of the natural oil, making the
detection of the adulteration very difficult.

High resolution GC, either with conventional stationary
phases or with the relatively new chiral phases, is the
technique which best helps the analyst in detecting citrus
oil adulteration. The information obtained on the volatile
fraction of the oils is enough to ascertain whether an oil is
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what kind of product has been added, and to estimate the
level of adulteration.

Before starting a study on adulteration, the analyst has to
know the typical values of the genuine oils and the influence
of cil isolation methods and production period on their
quantitative composition.

Evaluation of Purity of Essentlal Qils

The quantitative composition of citrus oils mainly varies
according to the production period of the fruit without
regard to the industrial isolation procedure used or the
cultivation area.51 We have analyzed a large number of oil
samples from different productive seasons, and the data
obtained showed that the components have very character-
istic behaviors which are almost always constant. All of the
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Adulterations of Citrus Cold-Pressed Essential Qils

oils analyzed were produced by companies in Sicily or
Calabria and were absolutely genuine. We found it essential
to study the ratios between certain components which
proved to be more useful than just determining the simple
minimum and maximum values of components. This tech-
nique has helped us to determine the genuineness of an oil.

A typical example of how some components show differ-
ent values throughout the productive season is lemon oil.
This oil is a good example because it is obtained in each
month of the year. The oils obtained in winter are of better
quality when compared with those of summer. This quality
difference is in part due to the high citral value of the winter
oil, while oils produced in the summer are deficient in
carbonyl compounds. Tn oils produced in the summer,
limonene is found at its lowest level, while B-pinene reaches
its maximum during this same time period (Figure 1).
Typically, a winter oil possesses a citral content of 3.5 to
4.0%, a limonene content of 66 to 68%, and a B-pinene
content that does not exceed 13%. I you consider summer
oil, you can generally find only about 3% citral and 60-63%

limonene, while the B-pinene content exceeds 15%. There-
fore, a lemon oil with the following data cannot be genuine,
even if the single values themselves can be considered as
being goad: citral 3.8%, limonene 61% and B-pinene 16%.
This can be the case in a summer oil, that possesses a low
combined value of neral and geranial, to which a certain
amount of citral was added to make it similar to a winter oil
(an oil considered to be of better quality).

A lemon oil {Figure 2) with a percentage of 0.06% of
decanal, 0.14% nerol and 12% B-pinene cannot be consid-
ered pure, even though the single values are within the
minimum and maximum values of genuine oils, because it
is not possible for such high values of decanal and nerol to
coexist with such a low value of B-pinene. It is more
probable that it was an oil that was produced in the period
when decanal and nerol show high values, to which orange
terpenes were added, thereby resulting in a decrease in the
percentage of B-pinene.

An oil with 67% limonene, 0.23% o-terpineot and 0.10%
nonanal cannot be genuine even if the single values are in
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Figure 1. Average variation in
the citral, imonene and -pinene
content for lemon oil for each
month of the productive seasons
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Figure 2. Average variation in
the decanal, neroi and f-pinene
content for lemon oil for each
month of the productive seasons
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Figure 3. Average variation in
the limonene, «-terpineol and
nonanal content for lemon cil for
each month of the productive
seasons
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Adulterations of Citrus Cold-Pressed Essential Qils

the range of values for genuine oils (Figure 3). It is more
likely that this oil is a winter oil (with a low content of
nonanal and a high content of limonene) to which a distilled
oil was added. The reason {or this conclusion can be readily
understood if it is realized that some monoterpene hydro-
carbons could have hydrated during the distillation process
in aqueous acid solution, resulting in the increase of some
alcohols, such as o-terpineol.

Mandarin oil, which is produced from October to Feb-
ruary, has a typical composition which also permits us to
ascertain whether an oil is genuine or not. First of all it is
important to know that over the productive season all
components except limonene tend to decrease. During this
same time the relative percentage of limonene increases
from 68% in October to 74% at the end of the productive
season. This is a time when all the other components show
their minimum value. For example (Figure 4), an oil with
73% limonene, 19% y-terpinene and 0.15 o-terpineol can-
not be considered as genuine since such values of a-
terpineol and y-terpinene never occur
naturally together with a high content of

limonene found.

The study of the genuineness of the oils such as lemon
and mandarin is much more precise if more than three
parameters are considered.

Detection of Specific Adulterations

The usual six adulterations which occur for citrus essen-
tial oils are:

* Addition of sweet orange oil terpenes to cold-pressed
lemon and mandarin oils;

*» Addition of reconstituted oils to cold-pressed lemon
and mandarin oils;

* Addition of distilled oil to cold-pressed lemon and
mandarin oils;

o Addition of “citral” to lemon oil;

* Addition of reconstituted bergamot oil to natural ber-
gamot oil; and

* Addition of sweet orange oil terpenes or lemon oil
terpenes to cold-pressed bitter orange oil.

limonene. Such a sample could be an oil
obtained from green mandarins (oil pro-
duced from fruit harvested in the first
part of the productive season) to which
sweet orange oil terpenes were added.
This could account for the high level of
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Figure 4. Average variation in terpenes.
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Figure 5. Chromatograms of lemon oil, mandarin oil and sweet orange oil

Conditions: glass column, 25 m x 0.32 mmi.d. coated with SE 52 (0.4-0.45
um}; column temp: 60°C (8 min) to 100°C at 3°C/min to 130°C at 2.5°C/min
to 180°C at 3°C/min; injector and detector temp: 280°C; carrler gas:
hydrogen, 0.4 kg/CM?; injection mode, split; detector FID
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Adulterations of Citrus Cold-Pressed Essential Qils

Detection of the addition of sweet orange oil terpe-
nes to lemon or mandarin oil -Orange oil terpenes
possess almost no carbonyl compounds, esters or sesquiter-
penes. If they are added to lemon or mandarin oils, a
corresponding decrease in aldehydes, esters and sesquiter-
penes occurs; however, this alone is not enough to un-
equivocally determine that adulteration has taken place.

Orange oil terpenes (Figure 5) are characterized hy the
existence of about 0.1% of 8-3-carene. This compound is
either missing or present only as a trace amount in lemon
and mandarin oils. On the contrary, orange oil terpenes are
almost completely devoid of a-terpinene and camphene,
while in lemon and mandarin oils they are present in levels
of (1.20% and 0.06%, and 0.40% and 0.02%, respectively.

The 8-3-carene content, and the ratios of 8-3-carene/
camphene and 8-3-carene/o-terpinene are particularly useful
for detection of the possible addition of orange oil terpenes
to lemon and mandarin oils.

Table T shows the comparison of the 99% confidence
limits of 8-3-carene, 8-3-carene/camphene, 8-3-carene/a-
terpinene (calculated on about 1,000 samples of genuine
lemon oils) and the values of the same parameters calcu-
lated on mixtures of lemon oil with additions of 5, 10 and
20% orange oil terpenes. Itis evident that even the addition
of 5% of orange terpenes makes the quantitative composi-
tion of the product different.!!

Table II shows the comparison of the 99% confidence
limits of the same parameters calculated on about 300
genuine mandarin oils and on mixtures of mandarin oils
with the addition of 3, 5and 10% of orange oil terpenes. This
trial was made on mixtures of green and red mandarin oils.

In this case even the addition of 3% orange terpenes could
be detected.!?

Lt d 44

genuine lemon or mandarin oil—The orange oil terpe-
nes, obtained by fractional distillation from orange oil, are
used to reconstitute lemon and mandarin oils. At 20°C,
lemon oils possess an optical rotation of +57° to +65°;
mandarin oils possess an optical rotation of +65° to +75°,
while the optical rotation of sweet orange and their terpe-
nes is +98° to +100°. The reconstituted lemon and manda-
rin oils thus have an optical rotation which is higher than
either of the genuine oils. (—)}-Limonene (Figure 6), which
is a readily available raw material, is generally added at a
rate of about 15% to decrease the optical rotation in a
reconstituted oil. The ratio of (=)-limonene and {+}-li-
monene in the genuine lemon oilis about 1.8:98.2, while in
genuine mandarin oil it is about 2.2:97.8. In orange oil
{-)-limonene is present only as a trace component. Conse-
quently, additions of (-)-limonene to reconstituted oils
increase this {(-)-limonene to (+)-limonene ratio. As a
result the addition of as little as 5% reconstituted oil to

Table I. Values for the 5-3-carene content, the 3-3-carene/c-terpinene and 5-3-carene/camphene ratios
for a number of samples of genuine lemon oil, and samples of lemon oil
adulterated with 5, 10 and 20% sweet orange terpenes

Lemon cil 99%

confidence limits Example 1* Example 2*

Min Max 5% 10% 20% 5% 10% 20%
§-3-carene (%) 0.000 0.008 0.010 0.016 0.024 0.010 0.016 0.025
§-3-carene/o-terpinene 0.000 0.044 0.056 0.093 0.170 0.050 0.088 0.153
8-3-carene/camphene 0.005 0.129 0.182 0.320 0.510 0.160 0.286 0.510

*randomly selected examples (out of thirty examined) of lemon oil adulterated with 5, 10 and 20% orange terpenes

Table Il. Values for the -3-carene content, the
d-3-carene/o-terpinene and 5-3-carene/camphene ratios for a number of samples of genuine mandarin
oil, and samples of green and red mandarin oils adulterated with 3, 5 and 10% sweet orange terpenes

Mandarin oil 99%

Green mandarin oil
with sweet orange

Red mandarin oil
with sweet orange

confidence limits terpenes added* terpenes added*

Min Max 3% 5% 10% 3% 5% 10%
8-3-carene (%) 0.000 0.004 0.006 0.009 0.016 0.007 0.009 0.016
&-3-carene/o-terpinene 0.000 0.010 0.016 0.027 0.049 0.018 0.024 0.043
d-3-carene/camphene 0.000 0.260 0.380 0.501 0.987 0.424 0.592 1.083

* randomly selected examples out of thirty examined

62/Perfumer & Flavorist

Vol. 17, September/October 1992



Adulterations of Citrus Cold-Pressed Essential Qils

genuine lemon oil (Table III, Figure 7) or to genuine
mandarin oil (Table IV, Figure 8) is detectable.
Detection of the adulteration of cold-pressed lemon
or mandarin oil with distilled oils—Distilled oils are vils
obtained by distillation from the liquids of the screw-
pressed residues of cold-extraction and from other waste
liquors. The distilled oils differ greatly from the cold-
pressed oils because the storage period of the residues

{especially for the aqueous acid solution and the fermenta-
tion process) and the distillation conditions are parameters
which affect the composition of the product.

A comparison of the chromatograms of a cold-pressed
lemon oil with that of a distilled lemon oil is given in Figure
9. Similarly, comparison of the chromatograms of a cold-
pressed mandarin oil and that of a distilled oil is shown in
Figuare 10. In the distilled oils the less volatile components,

Table lil. Relative percentage of () and (+) limonene
in cold-pressed lemon oil reconstituted oil and
mixtures of cold-pressed lemon oil with
reconstituted oils added at two leveis
-) (+)

cold-pressed lemon oil 1.5-2.1 97.9-98.5
(95 samples)
reconstituted lemen oil 149 851
cold-pressed lemon oil 90% 3.4 96.6
reconstituted lemon oil 10%
cold-pressed lemgn oil 5% 28 97.4
reconstituted lemon oil 5%
cold-pressed lemon oil 97% 2.2 97.8
raconstituted lemaon oil 3%

Table V. Relative percentage of (-) and (+)
limonene in sampies of cold-pressed mandarin oil,
reconstituted oil and mixtures of
cold-pressed mandarin oil with
reconstituted oils added at two levels
=) +)

cold-pressed mandarin oil 1.8-2.6 97.4-98.2
(80 samplas)
reconstituted mandarin oil 13.4 86.6
cold-pressed mandarin oil 90% 3.9 961
rgconstituted mandarin oil 10%
cold-pressed mandarin oil 95% 3.1 96.9
reconstituted mandarin oil 5%
cold-pressed mandarin oil 97% 25 97.5
raconstituted mandarin oil 3%
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Flgure 6 {left). Chromatogram of a commercial “limonene-65"

Conditions: precolumn, 25 m x 0.32 mm i.d. coated with SE 52 {film thickness 0.4-0.45 um); main column, fused silica
25 m x 0.25 mm i.d. coated with a mixture of (2,3,6-tri-o-methyl)-3-cyclodextrin and OV 1701 (film thickness 0.25 "um)
in a ratio of 30% and 70% by welght respectively; temp of the oven 80°C (8 min) to 105°C at 1.2°C/min; injector and
detector temp, 250°C; carrier gas, hydrogen, 0.30 kg/cm?; injection mode: split; detector FID

Figure 7 (right). Chromatograms of a cold-pressed lemon oil and some mixtures of cold-pressed lemon oil
adulterated with reconstituted oils. Temperature of the oven 100°C. Other conditions as in Figure 6
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Adulterations of Citrus Cold-Pressed Essential Qils

COLD-PRESSED MANDARIN DIL MIXTURES OF COLD-PRESSED MANDARIN QILS WITH RECONSTITUTED QILS
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Figure 8. Chromatograms of a cold-pressed mandarin oil and some mixtures of cold-pressed
mandarin cil adulterated with reconstituted oils. Conditions as in Figure 6
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Figure 9. Chromatograms of a cold-pressed lemon Figure 10. Chromatograms of a cold-pressed
oil and of a distilled lemon oil. Conditions as in mandarin oil and of a distiled mandarin oil.
Figure 5 Conditions as in Figure 5
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Adulterations of Citrus Cold-Pressed Essential Qils

like esters and sesquiterpenes, together with citronellal and
cis- and trans-sabinene hydrates are found only as minor
components. In contrast, some alcohols such as linalool, ¢-
terpineol and particularly terpinen-4-ol are found in pro-
portionally higher levels. The reason for this is that certain
monoterpenes can be hydrated in aqueous acid solution.

We found it interesting to study some ratios between certain
components, mainly terpinen-4-ol/cis-sabinene hydrate,
terpinen-4-ol/trans-sabinene hydrate, terpinen-4-ol/citronel-
lal, terpinen-4-ol/decanal, since they are useful in the de-
tection of the addition of distilled oils to cold-pressed oils.

Tables V and VI list the ratios of the compounds listed

Table V. Values of some ratios between peak areas of samples of cold-pressed lemon oil and
those of the mixtures of these oils to which 5% distilled oil has been added

95% confidence min 0.21

limits of the cold-

pressed essential oils  max 1.18

Mixtures

1 1.00
2 0.98
3 1.02
4 1.25
5 1.07
6 1.43
7 1.05
8 1.26
g 0.92
10 0.83
1 1.18
12 1.53

Terpinen-4-ol/cis- Terpinen-4-olitrans-  Terpinen-4-cl/  Terpinen-d-ol/
sabinene hydrate

sabinene hydrate citronelal decanal
0.22 0.02 017
1.69 0.53 1.28
1.73 0.30 0.72
1.3 0.34 0.97
1.26 0.36 1.03
1.48 0.37 1.12
1.40 0.37 1.02
1.95 0.47 1.26
1.18 0.56 1.74
1.97 0.23 0.7
1.18 0.386 1.03
1.19 0.39 1.12
1.52 0.49 1.34
2.09 0.52 1.44

The values which exceed the upper 95% confidencs limit of the cold-pressed essential oils are in bold

Table VI. Values of some ratios between peak areas of samples of coid-pressed lemon oil and
those of the mixtures of these oils to which 8% distilled oil has been added

95% confidence min 0.21

limits of the cold-

pressed essential cils  max 1.18

Mixtures

1 1.36
2 1.34
3 1.57
4 1.39
5 1.67
6 2.07
7 2.07
8 1.05
9 1.21
10 1.26
11 1.45
12 1.67

Terpinen-4-ol/cis- Terpinen-4-olitrans-  Terpinen-4-0l/  Terpinen-4-ol/
sablnene hydrate

sabinene hydrate citronetllal decanal
0.22 0.02 0.17
1.69 0.53 1.28
1.86 0.47 1.24
1.86 0.46 1.39
214 0.55 1.57
1.87 0.49 1.39
217 0.56 1.61
2.95 0.74 2.07
2.82 0.72 1.94
1.40 0.45 1.24
1.57 0.49 1.35
1.63 0.54 1.53
1.87 0.63 1.76
2.10 0.71 1.97

The values which exceed the upper 95% confidence limit of the cold-pressed essential oils are in bold
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Adulterations of Citrus Cold-Pressed Essential Qils

abave. Also a comparison of the 95% confidence limits
(calculated on about 1,000 cold-pressed lemon oils) with
the values of mixtures of 5 and 8% of distilled product can
also be found in these same tables. As a result, it can be
readily seen that the addition of 5% of a distilled oil to a
genuine oil can be detected in about 60% of the cases, while
it is almost always possible to detect the addition of 8% of a
distilled oil 1

Tables VII and VIII show the same ratios of the same

constituents, only this time the subject is mandarin il
rather than lemon oil. These tables show the 95% confi-
dence limits (calculated on about 300 cold-pressed oils)
with the values of mixtures made from the addition of 5 and
10% distilled oils to cold-pressed oil respectively. The
detection of the addition of 5% of a distilled il to a cold-
pressed oil is only possible if it is added to a green mandarin
ail (an ol nroduced from fruit hamvested ot the heginning o

I o ed oribha b r
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the season) which is rich in alcohols. In most mixtures, the

Table VII. Values of some ratios between peak areas of samples of cold-pressed mandarin oil and
those of the mixtures of these oils to which 5% distilled oil has been added

sabinene hydrate

95% confidence min 0.74

fimits of the cold-

pressed essential oils  max 2.48

Mixiures

1 1.91
2* 2.18
3 1.78
4™ 216

Terpinen-4-ol/cis- Terpinen-4-ol/trans-

sabinene hydrate cltronellal decanal
0.3% 0.40 017
1.57 2.12 0.72
1.50 2.25 0.68
1.06 2.30 0.80
1.08 1.20 0.49
1.37 2.03 0.68

Terpinen-4-ol/  Terpinen-4-ol/

* assantial oil from green mandarins + distilled oil
** @ssential oil from red mandarins + distilied oil

The values which exceed the upper 85% confidence limit of the cold-pressed essential oils are in bold

Table VIll. Values of some ratios between peak areas
of samples of cold-pressed mandarin oil and those of the mixtures of these olls
to which 10% distilled oil has been added

sabinene hydrate

95% confidence min 0.74
limits of the cold-

pressed essential oils  max 2.48

Mixtures

1 2.20

2" 1.94

3" 1.81

4* 2.50

5* 2.06

6" 2.36

7 2.95

i 222

9™ 3.67

10" 2.46

11 215

12* 215

essentlal oil from green mandarins + distilled oil

Amnmmtial ail Eumimn pod ol seine | Aiadillad A

* gssential oil from red mandarins + distilled oil

Terpinen-4-ol/cis- Terpinen-4-ol/trans-

Terpinen-4-o/  Terpinen-4-ol/
sabinene hydrate citronellal decanal
0.35 0.40 0.17
1.57 212 0.72
1.79 3.12 1.07
1.21 3.79 1.28
1.12 3.27 1.13
1.92 278 0.87
1.69 2.54 0.81
1.37 1.73 0.63
1.55 2,32 0.72
1.11 2.29 0.82
2,22 2.1 0.62
219 2.27 0.60
1.93 2.00 0.55
2.07 2,15 0.60

The values which exceed the upper 95% confidence limit of the cold-pressed essential cils are in bold
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Adulterations of Citrus Cold-Pressed Essential Qils

addition of 10% of a distilled oil to a cold-pressed oil canbe [
detected. !
Because of the wide range of variability for both cold-
pressed and distilled lemon and mandarin oils, it is not
possible to establish a limit on addition above which detec-
tion can easily be carried out. As a general rule, the oils
which are deficient in alcohols (winter lemon oils and red
mandarin oils) can be easilv mixed with the distilled oils.

However, if only one ratio of the components discussed
previously exceeds the limits normally found in genuine
i

——

oils, it is clear that some distilled products have been added.
Detection of the addition of citral to lemon oil —

“Citral” is a commercially available product which contains ;
about 80 to 97% of neral and geranial. It can be natural or m UW
b
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obtained by synthesis. Addition of citral to Jemon oil occurs
frequently. Such an addition results in an increase in the

amount of total carbonyl compounds, a reference quality
parameter in these oils.
The detection of “citral” in adulterated lemon oil is €

possible thanks to its impurities which are components not
normally found in genuine oils, or which cause quantitative M

=

variations in component ratios outside of the norm expected d
for genuine oils.'?

Almost all qualities of “citral” obtained by synthesis have
a component not present in genuine lemon oils. This allows .
the detection of even 0.3% of citral to a genuine oil (Figure J‘
11). This component, indicated in Figure 11 as 1 and whose
mass spectrum is shown in Figure 12, has not yet been
identified. Figure 11. Chromatograms of {a) a cold-pressed lemon

Detection of the addition of reconstituted bergamot oil, a synthetic citral (97%°P|-""V) (e), and mixtures of
otl to genuine bergamot oil —Because of the wide range lemon oil with 2% (b), 0.7% (c), 0.3% (d) citraf added.

of variability of genuine bergamot oils, 1617 it is very difficult Conditions as in Figure 5

[ S

to detect the addition of
lowlevels of areconstituted
bergamot oil to a genuine 43

oil using conventional ana- 100 °/‘31 _
lytical techniques.

In natural bergamot oil,
linalool is present in
amounts of 4 to 18%, with
anaverage contentof abont
10%. Generally to make a
reconstituted oil that has a |
composition very similar to
that of genuine oil about
8% linalool is usually used; ) | | 119
however, this linaloolis usu- 79
ally of a different origin 109 137

from that of bergamot. As ] ‘ 9% P |
a result, the detection of l I ||i A |I | " Il tLl. hli |.|r||1 " !‘ Ll :
such an adulteration is pos- T L U f
sible by the study of the 40 &0 80 100 120
linalool enantiomers.'® , Figure 12. Mass spectrum of an impurity found inthe synthetic citral. GC-MS Conditions:
Innaturalbergamot oils HP Mod 5895C System equipped with HP Software 59970, with a 25 m x 0.32 mm i.d.
(+)-linalool is not present fused silica capillary column coated with SE 52, column temp 70°C (10 min} to 230°C

e N T e F P Y

or if it is, it is present in at 3°C/min; lonizing voltage 70 eV

91

R
140

amounts that do not ex-
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ceed 0.5% of the total content of linalool (Figure 13).
Linalool samples used to obtain the reconstituted bergamot
oils are a racemic mixture (Figure 14). As a result, the
reconstituted oil will possess both the linalool enantiomers
(Figure 15). Figure 15 and Table IX show that even a 5%
addition of a reconstituted bergamot oil to natural berga-
mot oil can be detected.

Detection of the addition of sweet orange oil terpe-
nes and lemon oil terpenes to cold-pressed bitter
orange oil —Bitter orange oil has excellent olfactive prop-
erties and it sells at high prices. How-
ever because of the inconsistency of

often the production lines are the same as those used for
lemon essential oil. As a result bitter orange oil can be
possibly contaminated with either sweet orange oil orlemon
oil or both. Moreover, sweet orange terpenes and/or lemon
terpenes can also be fraudulently added to bitter orange oil.

In bitter orange oil 8-3-carene is present only as a trace

constituent, while in sweet orange terpenes it is found in
amounts of 0.1% (Ficure ]R\ I Conseauently the 8-2-

ailMAAts 21 (e S A LSTA WAL, L

carene content and the ratios of d-3-carene/camphene and
8-3-carene/terpinolene are particularly useful for detecting

demand on the national and interna-
tional markets and a decrease in cul-
tivation, the production of this oil is
limited.

The bitter orange fruits that are
used for the isclation of oil are some-
times mixed with a small number of
sweet orange fruits and, moreover,

L]

-+LINALOL

Figure 14. Chromatogram of

Table IX. Relative percentage of (-}
and (+} linalool in natural bergamot
oil, commercial linalool and
mixtures of natural bergamot oil
and reconstituted bergamot oil

=) +

Natural bergamot oil 100 t
Commergial linalool 50 50
=2 Mixtures

—

- - 75" 63 37
= =

; '.J 50* 73 27

T E 40* 78 24

” 25" 84 16

20* 88 12

15* 90 10

10" a2 8

7 93 7

B 96 4

5 97 3

»

[

- o o

o

Figure 13. Chromatogram of
a natural bergamot oil.
Conditions: fused silica
column 25 m x 0.25 mm i.d.
coated with a mixture of
(2,3,6-tri-o-methyl)-B-
cyclodextrin and OV 1701 in
a ratio of 30% and 70% by
weight, respectively (film
thickness 0.25 um); column
temp, from 100°C to 180°C at
1.5°C/min; injector and
detector temp, 250°C; carrier
gas, hydrogen, 0.30 kg/cmz;

e imadlors e split: de-

injection mods: spiit;

tector FID

a commerc'?l . nalogl * % of reconstituted oil in the analyzed mixiures
sample. Conditions as in t = frace
Figure 13
-
=2
=
-
=
; : -
pur} A -
-t N -l
= -
5 =
ol =
- <
=

0
-

Figure 15. Chromatograms of mixtures of haturai bergamot oils with 60% (A},
30% (B) and 5% (C) of reconstituted oils added. Conditions as In Figure 13
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SWEET ORANGE OIL TERPENES

nllll‘ h- Lok

BITTER ORANGE OIL

ol

' 0 . ' i

- - u - ] 2 - " - .
H 2 - H % ] H H b4 1

Figure 16. Chromatograms of a bitter orange oil,
sweet orange oil terpenes and sweet orange oll.
Conditions as in Figure 5

LEMON O1L

,_
E— . _a-TERPINENE

Ll

LEMON O1L TERPENES

—TETEE

LU “ PN

BITTER ORANGE OIL

L
AL

- . . -
2 H - H L] H] 2 b H

Figure 18. Chromatograms of a bitter orange oll,
sweet orange oil terpenes and lemon oil, Conditions
as in Figure 5

Table X. Values for the 3-3-carene content,
the 6-3-carene/camphene and 3-3-carene/terpinolene ratios for genuine bitter orange oll, and
for samples of bittér orange olis with the addition of 3 and 5% sweet orange oil or sweet orange oil terpenes

Bitter orange olls Mixtures with Mixtures with
99% confidence 3 and 5% of 3 and 5% of sweet
limits sweet orange olls orange oll terpenes
Min Max % 3% 5% 5% 3% 3% 5% 5%
&-3-carene (%) 0.000 0.006 0.007  0.006 0.009 0.008 0.007 0.006 0.009 0.010
&-3-carene/camphene 0.000 1.092 1.000 0.857 1.500 1.143 1.000 0.857 1.125 1111
§-3-carene/terpinolene 0.000 0.875 0.778 0.750 1.000 0.889 1.000 0.857  0.900 1.000
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a possible contamination or the addition of sweet orange
terpenes to bitter orange oil. .

Table X shows the comparison of 8-3-carene, 8-3-carene/
camphene, 0-3-carene/terpinclene levels (calculated on
genuine bitter orange oils) at a 99% confidence level, and
the value of the same parameters calculated on adulterated
bitter orange oils to which 3 or 5% sweet orange terpenes
have been added.

From the data presented in Table X and Figure 17, it can
be readily seen that the addition of even 5% sweet orange
terpenes results in the modification of the quantitative

composition of bitter orange oil thus allowing detection of
the addition.

In bitter orange oil, o-terpinene is present only in trace
amounts, while in lemon oil and lemon terpenes it is
normally found in levels of about 0.2% (Figure 18).10
Because of this the o-terpinene content and the ratios o-
terpinene/camphene and a-terpinene/cis-B-ocimene are
particularly useful for detecting a possible contamination or
addition of lemon oil or lemon terpenes in bitter orange oil.
An example of the use of this data can be seen in Table XI.
In this table, the o-terpinene, o-terpinene/camphene, o-

~—TERPINOLENE
==

LT— 0 -3-CARENE

Ll

3
?
.Lli_n_[lLLil..‘L

- -] o ] - w©
- -

Figure 17. Chromatograms of & bitter arange oil (A) and of mixtures of bitter orange oil with 3% (B} and 5% (C) of
sweet orange oil terpenes added. Conditlons as in Figure 5

fh 0—-3-CARENE
§ ~— 5-3-CARENE

L «—— TERPINOLENE

E—
=
il ~— TERPINOLENE
—_—
F *— CAMPHENE
B -
[
| ——

i2

x-]
- -

12
16

Table Xl. Values for the c-terpinene content,

the a-terpinene/camphene and c-terpinene/cis-p-ocimene ratios for genuine bitter orange oil, and
for samples of bitter orange oil with the addition of 3 and 5% lemon oil or lemon cil terpenes

Bitter orange oils

Mixtures with

Mixtures with

99% confidence 3 and 5% of 3 and 5% of sweet
limits lemon oil lemon oil terpenes
Min Max 3% 3% 5% 5% 3% 3% 5% 5%
o-terpinene (%} 0.000 0.005 0.009 0.008 0.011 0.013 .01 0.011 0.017 0.017
o-terpinene/camphene 0.000 0.814 1.000 0.889 1.100 1.300 1.100 1.222 1.417 1.700
o-terpinene/cis-p-ocimene 0.600 0.425 0.408 0.348 0.440 0.618  G.eti 0.624 0.805 1.808
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terpinene/eis-B-ocimene levels (calculated on genuine bit-
ter orange oils) at a confidence level of 99% can be found.
Also values of the same parameters can be calculated on
mixtures of bitter orange oil to which 3 or 5% of lemon oil
or lemon terpenes have been added. A review of the data
presented in Table XI and Figure 19 shows that the addition
of 3% lemon oil or lemon terpenes is detectable.

Acknowledgment: The research was accomplished thanks to
CNR grants as part of the research projects “Fine and secondary
chemistry” and “Productive investigations in small and medium
industries; typical quality of food: new investigative methods.”
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