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Enantiomeric Distribution of Volatile
Components of Citrus Oils by MDGC

By Giovani Dugo, Luigi Mondello, Antonella Cotroneo, lvana Bonaccorsi and Giuseppe Lamonica,
Dipartimiento Farmaco-chimico, Facolta di Farmacia, Universita di Messina, Messina ltaly

he enantiomeric distribution of volatile components of

citrus oils provides a useful parameter for the evaluation
of genuineness and quality of the oils.!"'* Chiral gas chroma-
tography, using modified cyclodextrins, as a stationary phases,
is the most common technique for the determination of the
enantiomeric distribution of the volatile components.

The volatile fraction of citrus oils is usually a very complex
matrix. Therefore the direct gas chromatographic deter-
mination of its components, though sometimes possible,
is usually difficult. In fact, it requires particular attention
for the choice of the most appropriate experimental condi-
tion and stationary phases, in order to avoid co-elution of
enantiomers with other components.2*!> Coupled systems
of liquid chromatography and gas chromatography (LC-
GC), and multidimensional gas chromatographic systems
(MDGC), permits the pre-fractionation of the samples and
the further chiral analysis of the components of interest.
These techniques avoid possible peak overlaps. The LC-GC
methods have rarely been used, while the MDGC systems
are more commonly employed.%10:13.14.16-23

The early multidimensional GC systems were based on
Dean’s principle, while systems working with mechanical
valves, proposed earlier, were not considered reliable, be-
cause the valves available at the time did not have adequate
thermal stability.?* In addition, Memory effects were likely
to occur. Technological progress of valve design rendered
miniaturized connectors available for the assembly of mul-
tidimentional GC systems, eliminating upswept volumes.
These mechanical valves are stable at high temperatures
and can be used to set up multidimensional GC systems
without any drawbacks. They are easier to operate than
those based on Dean’s principle.

The results relative to the enantiomeric distribution of
B-pinene, sabinene, limonene, linalool, terpinen-4-ol and
o-terpineol in citrus oils determined by a multidimensional
GC system developed and assembled in our laboratories are
reported in this personal review.?>* This system, based on the
use of mechanical valves, allows for the multitransfer of different
fractions during the same GC analysis (cut position) and the use
of the two GC independently when the multitransfer option is
not used (stand-by position). Pneumatic and electronic circuits
permit to maintain constant retention times in the pre—column
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even for the components eluted after numerous transfers. The
pre-column, mounted in the first oven, was a capillary SE-52,
30 x 0.32 mm, 0.40-0.45 pm film thickness column; the main
column, mounted in the second oven, was a capillary column of
2,3-di-O-ethyl-6-O-(tertbutyldimethylsilyl)-B-cyclodextrin 30%
in PS 086, 25 m x 0.25 mm, 0.25 pm film thickness.

The oils were first analyzed with the SE-52 pre-column to
determine the concentration of the components of interest
and their retention times, maintaining the multidimensional
system system in the stand-by position. Depending on the
tetention times and the concentration ofeach component,
different transfer windows were chosen and automatically
programmed so that well-resolved peaks were obtained
on the chiral columnb for all the transferred components,
indepenmdently on their concentration levels. The samples
of the oils analyzed are presented in Table 1. The percentage
composition of the transferred components in the analyzed
oils and the transfer windows are shown in Table 2.

Bergamot Oil

In Italy, the production sseason for bergamot oils is from
December to March. The oil is obtained by Pelatrice ma-
chines. These wrap the peel of the fruit under streams of
spouting water and then separate the oil by centrifugation
from the solid residue and water. Generally, the water is
recycled and used during the entire processing day. Small
amounts of less valuable bergamot oils can be recovered by
processing the residues of the cold-pressed extraction:

e Pulizia dischi oils: recovered by decantation or the liquid
residues and by centrifugation of the solid residues of the
drum of the secondary separator at the end of an entire
processing day (approximately 0.5% of the total oil).

* Torchiati oils: recovered by pressing the solid residues
of the secondary separator after centrifucation with little
hydraulic presses (approximately 3-4% of the total oil).

* Ricicli oils: recovered by centrifugation of the recycled
water at the end of an entire processing day (approxi-
mately 1.0% of the total oil).

* Distilled oils: recovered by distillation of the semifluid
wastes (feccie) ejected by the first separator (approxi-
mately 3.0% of the total oil).
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Table 1. Samples of essential oils The enantiomeric distribution of linalool and linalyl ac-
analyzed by MDGC etate in bergamot oils has been extensively studied, while
3 cold-pressed key lime olls fype A the data in .literature regarding the enantimergic rfatios of
other volatile compounds are scant.}4811.20.2131-36 Feyy
1 cold-pressed key lime oil type B data on the enantimeric ratios of o-pinene, B-pinene and
11 cold-pressed Persian lime oils limonene are reported.8>16>17’19
6 distilled lime oils Cold-pressed oils: Figure 1 shows the chromatogram of
laboratory extracted mandarin oils acold-pressed bergamot oil obtained with an SE-52 column
63 cold-pressed mandarin oils ar}d the system. inthe §tand-l?yposition; the chromnatogram
4 distilled mandarin oils of the same oil obtalp(?d with the SE-52 column and the
system in the cut position (on this chromatogram the cuts
1 commercial mandarin oils are shown); and the chromatogram obtained with the chiral
148 cold-pressed lemon oils column of the fractions transferred from the SE-52 column.
distilled lemon oils In Table 3, the values of the enantiomeric ratios for the
commercial lemon oils cold-pressed bergamot oils gathered every two weeks can
101 cold-pressed bergamot ils be found. Figure 2 shows the enantiomeric excess of the
; forchiati bergamot oils components analyze;d during the pro.duction season.
As can be seen in Table 3 and Figure 2, the enantio-
ricicli bergamot oils meric distribution of linalool and linalyl acetate seems to
pulizia dischi bergmot oils be stable during the production season for all oils analyzed.
distilled bergamot oils Particularly, S (+)-linalool precentage is included between
12 cold-pressed sweet orange oils 0.3% and 0.6% of the total content of linalool, while S (+)-
6 cold-pressed bilter orange oils lir}alyl acetate content is included between 0.1% and 0.3%
of the total content of linalyl acetate. These values agree
with those reported in literature for genuine bergamot
Table 2. Relative percentage and transfer windows of some components in the essential oil analyzed by MDGC
sabinene + linalyl
B-pinene limonene linalool terpinen-4-ol  «-terpineol acetate
lime oils
key type A 21.8-25.5 49.3-49.9 0.2 0.4-0.7 0.2-0.3 -
key type B 24.3 49.9 0.2 0.1 0.2 -
persian 12.0-13.6 54.8-59.8 0.1-0.2 0.1 0.2-0.3 -
distilled 0.8-1.9 43.5-49.7 0.1-0.3 0.7-0.9 7.6-8.0 -
mandarin oils
cold-pressed 1.6-4.0 65.3-74.5 1-0.2 t-0.1 t-0.5 -
lab. extracted 1.2-1.7 69.5-78.5 0.1-0.2 t 0.1-0.2 -
distilled 1.4-2.2 67.1-74.7 0.1-0.3 t-0.4 0.1-0.4 -
commercial 1.7-2.7 61.4-92.9 0.1-0.6 t-0.1 t-0.2 -
lemon oils
cold-pressed 15.39-22.25 59.3-71.1 13.2-18.5 t-0.1 t-0.3 -
bergamot oils
cold-pressed 4.8-12.7 25.4-45.4 3.6-22.7 t t-0.1 21.8-41.4
pulizia dischi 7.5-9.8 29.7-33.2 5.7-10.3 t t-0.1 35.5-40.1
torchiati 6.2-9.3 30.3-34.7 7.3-11.2 t 0.1-0.5 34.3-37.9
ricicli 6.6-8.9 27.2-34.4 7.5-12.2 t 0.1-0.3 33.2-41.8
distilled 4.2-7.9 23.1-35.1 25.4-36.9 0.4-0.5 1.3-4.0 8.9-22.8
bergapten-free 6.9-8.3 32.8-35.9 6.8-7.7 t 0.1 30.2-32.8
transfer windows (min)  15.30-16.00 20.00-20.20 25.00-25.55 30.60-31.20 31.60-32.25 36.80-37.10
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0ils. 148213236 The enantiomeric ratio of sabinene seems
to be stable enough during the production season, while
the enantiomeric ratios of limonene and B-pinene change
slowly during the same period. The enantiomeric ratio of
terpinen-4-ol changes irregularly during the production
season. In contarast, the enantiomeric ratio of a-terpineol
changes greatly during the same period. The ratios S(-
)/R(+)-a-terpineol were 63.0/37.0 at the beginning of the
season, and 21.7/78.3 at the end. In Table 4, the values of
the enantiomeric ratios for pulizia dischi, torchiati and ricicli
oils are reported. The results obtained for cold-pressed oils
produced in the same period can be found in the same Table
for comparative purposes.

Pulizia dischi oil: As can be seen in Table 4, the enan-
tiomeric distribution values for all pulizia dischi oils are in
the range observed for cold-pressed oils produced in the
same period. Therefore, the system used for the recovery
of these ouils does not appear to influence the enantiomeric
distribution of the compnents analyzed

Torchiati oils: In Table 4, the enantiomeric distribu-
tion of B-pinene, sabinene, limonene, linalool and linalyl
acetate for samples produced in the first and second half
of February are in the range observed for the cold-pressed
oils produced in the same period. The S(+)-terpinen-4-ol
isomer shows values for torchiati oils produced in the first
half of February, higheer than the highest value shown by
cold-pressed oils. At the same time, torchiati oils produced
in the second half of February show values close to the high-
est value shown by cold-pressed oils produced in the same
period. This result implies that contact with the solid acid
residues, before the oil is recovered by pressing, causes a
partial racemization of terpinen-4-ol. The S(-)-o.-terpineol
isomer for torchiati oils produced both in the first and sec-
ond half of February, reveals values much lower than the
minimum values of the other cold-pressed oils.

Ricicli oils: Table 4 shows that ricicli oils behave as
just as torchiati oils. In fact, terpinen-4-ol shows a slight
trend to recemize. At the same time, the S(—)-isomer of

Table 3. Bi-weekly average values of the enantiomeric distribution
of some components in cold-pressed bergamot oils
December January February March All
1-15 16-31 1-15 16-31 1-15 16-28 2-4
(23)° 33) 6)] @ @) (22) 3 aomn

Range Range Range Range Range Range Range Range
B-pinene
R (+) 6.8-8.9 7.1-8.9 7.7-8.6 7.4-9.4 7.5-8.9 7.1-9.0 8.5-9.5 6.8-9.5
R (-) 93.2-91.1 92.9-91.1 92.3-91.4  92.6-90.6 92.5-91.1 92.9-91.0 91.5-90.5 93.2-90.5
sabinene
R (+) 14.1-16.0 14.4-16.0 14.7-15.4 14.3-16.4 14.5-15.9 14.1-18.8 15.5-16.5 14.1-18.8
R(-) 85.9-84.0 85.6-84.0 85.3-84.6 85.7-83.6 85.5-84.1 85.9-81.2 84.5-83.5 85.9-81.2
limonene
S(-) 2.0-2.6 2.0-2.7 2.3-2.5 2.0-2.6 2.0-2.4 2.1-2.6 1.9-2.2 1.9-2.7
R (+) 98.0-97.4 98.0-97.3 97.7-97.5 98.0-97.4 98.0-97.6 97.9-97.4 98.1-97.8 98.1-97.3
linalool
R(-) 99.5-99.7 99.4-99.7 99.6-99.7  99.5-99.6 99.4-99.7 99.4-99.6 99.6 99.4-99.7
S(+) 0.5-0.3 0.6-0.3 0.4-0.3 0.5-0.4 0.6-0.3 0.6-0.4 0.4 0.6-0.3
terpinen-4-ol
S(+) 12.3-26.3 11.3-25.4 10.1-13.9 10.0-16.7 12.5-16.6 9.7-20.0 15.4-16.8 9.7-26.3
R (-) 87.7-73.7 88.7-74.6 89.9-86.1 90.0-83.3 87.5-83.4 90.3-80.0 84.6-83.2 90.3-73.7
o-terpineol
S(-) 56.1-69.4 43.4-65.5 33.6-57.7 33.7-49.0 30.6-41.9 20.7-44.1 17.5-25.9 17.5-69.4
R (+) 43.9-30.6 56.6-34.5 66.4-42.3 66.3-51.0 69.4-58.1 79.3-55.9 82.5-74.1 82.5-30.6
linalyl acetate
R(-) 99.7-99.8 99.7-99.9 99.8-99.9  99.7-99.9 99.8-99.9 99.8-99.9 99.8 99.7-99.9
S(+) 0.3-0.2 0.3-0.1 0.2-0.1 0.3-0.1 0.2-0.1 0.2-0.1 0.2 0.3-0.1
9number of samples analyzed
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Figure 1. GC chromatogram of a cold-pressed
bergamot oil obtained with the SE-52 column (A);
GC chromatogram of bergamot oil obtained with the
SE-52 column with the six heart-cuts (B); GC chiral
chromatogram of the transferred components (C)
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Figure 2. Variation of the bi-weekly average values of the
enantiomeric excess of R(+)-limonene,
S(-)-a-pinene, S(-)-sabinene, R(-)-terpinen-4-ol,
S(-)-a-terpineol, R(-)-linalool, and R(-)-linalyl acetate in
cold-pressed bergamot oil during the

productive season
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o-terpineol shows values lower than the lowest values of
cold-pressed oils produced over the same period. The
behavior of o-terpineol in torchiati and ricicli oils can-
nor be explained with the contact of the oil with the acid,
solid and liquid residues before its recovery. This contact
could have caused a trend to the racemization but not the
increase of the enantiomeric excess of R(+)- isomer. This
phenomenon can be explained with the hypothesis that
(+)-o-terpineol can be produced by microorganisms. In
fact, recycling water and solid residues of the cold-extrac-
tion are a good culture medium. Another hypothesis could
be that of the acid or enzymatic hydrolysis of glycosidically
bound R(+)-o-terpineol. The percentage of o-terpineol
in torchiati and in ricicli oils analyzed varies between
0.10-0.47 and between 0.10-0.30, respectively. In cold-pressed
oils produced in the same period, the range was 0.04-0.12.

Distilled oils: The values of the enantiomeric distribu-
tion of two oils recovered by distillation of the semifluid

wastes ejected by the first separator can also be found in
Table 4. The same Table compares the results obtained for
cold-pressed bergamot oils. In Table 5, the enatiomeric
distribution of B-pinene, sabinene and limonene is not
influenced by the distillation process. Linallool, linalyl
acetate and terpinen-4-ol show a trend to racemize. The
phenomenon is more evident for the sample obtained by
distillation at atmospheric pressure.

Lemon Oil

In Italy, lemon production and industrial processing occurs
throughout the year. It is conventionally established that
the productive season of lemon starts in October. The oils
is extracted by all of the cold-press technologies commonly
available, including Pelatrice, Sfumatrice, Torchiand FMC.
Distilled oils are less valuable than those that are cold-ex-
tracted. These small amounts are obtained by distillation
of the industrial residues from cold-extraction.

Table 4. Bi-weekly average values of the enantiomeric distribution of some components in
Torchiati, Ricicli, and Pulizia dischi bergamot oils
February 1-15 February 16-28
Cold- Pulizia Cold-
Torchiati Ricicli pressed Torchiati Ricicli Dischi pressed
2) 2 7) 5) (6)) (©)) (22)

B-pinene
R (+) 7.7-8.5 7.8-7.9 7.5-8.9 7.6-8.0 7.4-7.8 7.8-8.0 7.1-9.0
R (-) 92.3-91.5 92.2-92.1 92.5-91.1 92.4-92.0 92.6-92.2 92.2-92.0 92.9-91.0
sabinene
R (+) 14.8-15.0 14.9-15.0 14.5-15.9 14.7-15.0 14.5-15.0 14.7-15.0 14.1-18.8
R(-) 85.2-85.0 85.1-85.0 85.5-84.1 85.3-85.0 85.5-85.0 85.3-85.0 84.9-81.2
limonene
S() 2.1-2.3 2.2-23 2.0-24 2.2-23 2.2-23 2.2-2.3 2.1-2.6
R (+) 97.9-97.7 97.8-97.7 98.0-97.6 97.8-97.7 97.8-97.7 97.8-97.7 97.9-97.4
linalool
R(-) 99.6 99.6 99.4-99.7 99.6 99.5-99.6 99.5-99.6 99.4-99.6
S(+) 0.4 0.4 0.6-0.3 0.4 0.5-04 0.5-0.4 0.6-0.4
terpinen-4-ol
S(+) 18.7-18.8 19.3-20.0 12.5-16.6 18.1-19.1 18.7-21.4 12.3-13.1 9.7-20.0
R (=) 81.3-81.2 80.7-80.0 87.5-83.4 81.9-80.9 81.3-78.6 87.7-86.9 90.3-80.0
o-terpineol
S(-) 5.1-5.2 11.3-18.0 30.6-41.9 4.9-10.5 6.4-18.7 27.5-41.8 20.7-44.1
R (+) 94.9-94.8 88.7-82.0 69.4-58.1 95.1-89.5 93.6-81.3 72.5-58.2 79.3-55.9
linalyl acetate
R(-) 99.8 99.8 99.8-99.9 99.7-99.9 99.7-99.8 99.7-99.8 99.8-99.9
S(+) 0.2 0.2 0.2-0.1 0.3-0.1 0.3-0.2 0.3-0.2 0.2-0.1
9number of samples analyzed

Vol. 26, January/February 2001

Perfumer & Flavorist/25



PERFUMER FLAVORIST

Cold-pressed oils: Determination
of the enantiomeric distribution of the
volatile components of lemon oil has
been the objects of numerous studies
carried out by direct GC analysis of the
whole oil by LC on-line coupled with gas
chromatography anmultidimensional
gas chromatography.10-14.15-23,37-39

The cold-pressed oils analyzed in
our laboratory have been gathered
according to production month and,
for each month, according to the ex-
traction technology. For every group,
the average3 value of the enantiomeric
distribution has been determined.

Figure 3 shows the multidimensional
chiral chromatogram of a cold-pressed
lemon oils. The monthly average
values of the enantiomeric distribu-
tion of B-pinene, sabinene, limonene,
linalool, terpinen-4-ol and o-terpineol
are reported in Table 6, while Figure 4
shows the values of the enantiomeric
excess, in accordance to the month of
production of the oils.

Ascanbe observed from Table 6 and
Figure 4, limonene shows enantiomeric
distribution values that are practically
constant all year. The ratios between
(—)-and (+)-B-pinene and (-)- and (+)-
sabinene are in a limited range. Thea
average values from October to march
are nearly constant, while a slow in-
crease can be noted from April onwards.
Values of the enantiomeric distribution
of terpinen-4-ol and o.-terpineol cover
a wide range. However, during the
productive season, the enantiomeric
excess of (—)-terpinen-4-ol and (-)-o.-
terpineol show several similar values
and trends. Values of the enantiomeric
distribution of linalool vary widely. At
the beginning of the productive season
the enantiomeric excess of (—)-linalool
isabout 33; this value decreases during
the season from October to May, and
the again rises, reaching values close
to those in the beginning of the season
in September.

InTable 7 the results obtained for oils
extracted with different technologies
in November, December and january
are compared. As can be seen from the
Table, the extraction technology does
not seem toinfluence the enantiomeric
distribution of B-pinene, sabinene,
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Table 5. Enantiomeric distribution of some components
in distilled bergamot oils
Feccie oils Cold-pressed oils
Distillation at Distillation at

atmospheric pressure  reduced pressure Range
B-pinene
R (+) 8.9 8.2 6.8-9.5
R (<) 91.1 91.8 93.2-90.5
sabinene
R (+) 15.9 15.2 14.1-18.8
R (<) 84.1 84.8 85.9-81.2
limonene
S(-) 2.0 2.3 1.9-2.7
R (+) 98.0 97.7 98.1-97.3
linalool
R (-) 81.6 98.7 99.4-99.7
S(+) 18.4 1.3 0.6-0.3
terpinen-4-ol
S(+) 31.8 27.1 9.7-26.3
R (<) 68.2 729 90.3-73.7
o-terpineol
S(-) 26.6 11.2 17.5-69.4
R (+) 73.4 88.8 82.5-30.6
linalyl acetate
R (-) 98.9 99.1 99.7-99.9
S(+) 1.1 0.9 0.3-0.1

limonene, linalool and a-terpineol. Only
terpinen-4-ol tends to racemize slightly
in oils extracted with Sfumatrice and
Torchi. These latter techniques allow for
contactof the oil with the liquids coming
from the peel and juice residues.
Distilled oils and commercial oils:
The enantiomeric distribution values for
two lemon oils obtained by distillation
of the residues of the cold extraction
and of six commercial oils can be seen
in Table 8. Forthe two distilled oils ana-
lyzed, the enantiomeric distribution of
all the components analyzed, except for
terpinen-4-ol, are in the ranges found
for cold-pressed oils. Terpinen-4-ol
tends to recemize slightly because of
the extraction technology used. Forthe
commercial oil analyzed, only B-pinene
had enantiomeric distribution values
similar to those of the genuine lemon

oils. The other components analyzed
had had enantiomeric distribution
values very different from those of
genuine oils. The differences are so
large that itwasimpossible to determine
the products used in the reconstitution
of these oils

Mandarin Oils

In TItaly the industrial processing of
mandarin oil goes from October to
March. The technologies of extraction
are Pelatrice, Torchi and FMC. As with
lemon oils, small amounts of less valu-
able oils are obtained by distillation in fhe
industrial residue of the cold extraction.
In the literature, some data is reported
on the enantiomeric distribution of the
momoterpene hydrocarbons and several
monoterpene alcohols of mandarin
0i]210.15-2L37.39 Most of the results are
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Figure 3. GC chiral chromatogram of the heart-cuts of
sabinene + 3-pinene, limonene, linalool, terpinen-4-ol,
and o-terpineol of lemon oil
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limited to one sample or a small number of samples. The
data obtained are not related to the extraction technologies
or to the harvest time and cultivar of the fruits.
Cold-pressed oils: The cold-pressed oils analyzed in our
laboratory have been gathered according to the production
month and, for each month, with the extraction technol-
ogy. For each group, the average value of the enantiomeric

distribution has been determined. Figure 5 shows the MD
chromatogram of a cold-pressed mandarin oil. In Table 9,
the enantiomeric distribution of industrial cold-pressed
mandarin oils is reported. In Figure 6, the enatiomeric ex-
cess of the analyzed components is plotted as the function
of the month of oil production.

As can be seen from Table 9 and Figure 6, the values
of the enantiomeric distribution of limonene are constant
from October to January. The enantiomeric ratios of the
other components revealed different ranges. Upon ex-
amination of these data, it is believed that these variations
do not seem to be ralated to the extraction technologies
used. The variation of the enantiomeric ratios of o-terpin-
eol is irregular, while the enantiomeric ratios of B-piene,
sabinene, terpinen-4-ol, and lonalool regularly vary during
the season.

Distilled oils: Table 10 shows the enantiomeric distribution
in distilled mandarin oils. Distilled oils, as reported in Table 10,
show similar values of enantiomeric ratios for most of the com-
ponents investigated, to those determined in cold-pressed oils.
Anexceptionisterpinen-4-ol, which shows relative percentage of
the dextrorotatoryisomer always higher than the highest values
determined for cold-pressed oils. The difference is due to the
extraction technologies; distilled oils are obtained from the acid

Table 6. Monthly average values of the enantiomeric distribution of some components in cold-pressed lemon oils

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Al (148)
(15  (28) (30) as (o (10 (a2 an 3 (2) 4 ©6) Range

B-pinene

R (+) 6.0 6.4 6.4 6.3 6.2 5.9 5.5 5.1 4.5 4.6 4.6 5.1 4.2-7.0

R (=) 940 936 936 93.7 93.8 94.1 94.5 949 955 955 954 949 958-93.0

sabinene

R (+) 14.6 14.7 14.7 14.6 14.4 14.3 13.9 13.4 12.7 12.8 13.3 13.1  12.5-15.3

R(-) 854 853 853 854 856 857 86.1 866 873 872 867 869 87.5-84.7

limonene

S(-) 1.8 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.8 1.9 1.8 1.8 1.5-2.0

R (+) 982 983 983 983 983 983 983 983 982 98.1 98.2 982 98.5-98.0

linalool

R(-) 66.6 61.0 589 55,6 543 532 53.0 523 533 603 60.1 63.7 56.8-71.5

S(+) 334 39.0 41.1 444 457 468 470 47.7 46.7 397 399 363 43.2-28.5

terpinen-4-ol

S(+) 20.7 225 233 212 213  20.1 21.8 227 216 204 219 18.3 13.7-26.9

R (=) 79.3 775 76.7 78.8 78.7 799 782 77.3 784  79.7 78.1 81.7 86.3-73.1

a-terpineol

S(-) 78.1 77.1 76.4 769 775 783 78.9 783 804 784 792 77.7 64.2-82.0

R (+) 219 229 236 23.1 225 217  21.1 21.7 196 21,6 208 223 35.8-18.0

9number of samples analyzed
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aqueous residues of the cold-extraction so that the temperature
and pH can cause the hydration of monoterpenes with a cor-
responding increase of the alcohols, especially terpinen-4-ol.
The monoterpene hydration is not a stereospecific reaction so
that it modifies the enantiomeric ratio of the alcohols leading
this ratio towards the racemate.

Commercial oils: From the eleven commnercial oils
analyzed (Table 11), samples 9 and 10 show values of the
enatiomeric ratios compatible with a genuine mandarin
oil. All the other samples show at least two of the ratios
out of the normal range for genuine mandarin oils. For
some of these samples, it may be possible to conjecture
that considering the enantiomeric ratios of b-pinene and
sabinene in samples 2 and 3, the nature of the extraneous
substances may be contaminated by different amounts of
lemon oil. This can be deduced by comparison with the
data reported in Table 6 relative to lemon oil. Samples
1, 7 and 8 could be reconstituted oils from sweet orange
terpenes added with (—)-limonene, to correct the rotation
value, and with some oxygenated components extraneous
to the mandarin oil. In sample 1 it can also be noticed that
the addition of B-pinene is mostly levorotatory. Samples 4
and 5, because of the enantiomeric distribution of B-pinene,

may be contaminated with small amounts of lemon oil. They
also contain a-terpineol, whose origin should be different
from mandarin. Sample 6 is a reconstituted oil, because
all the enatiomeric ratios are inconsistent with a genuine
mandarin oil. It was not possible, however, to determine
the origin of this sample.

Lime Oils

Lime oils are obtained from Citrus aurantifolia Swingle
(Key lime) and Citrus latifolia Tanaka (Persian lime). The
industrial products consist of four kinds of oils:*

e Cold-pressed Key lime oil, type A, obtained by cen-
trifugation of the oil/juice emulsion produced by passing
the whole fruit through a screw press that crushes the
fruits,

* Cold-pressed Key lime, type B, obtained by rasping the
peel to release the oil.

* Cold-pressed Persian lime oil, obtained with the same
method as cold-pressed Key lime, type B.

e Distilled lime oil, obtained by reacting the flavor com-

pounds of a mixture of oil/juice/crushed fruits in acid
medium.

Table 7. Average values of the enantiomeric distribution of some components in pelatrice, sfumatrice, torchi and
FMC cold-pressed lemon oils produced in the period November 1996-January 1997

November December January
(28) 30) (15)
P32 S@® T(7) FMCU0) P2 S(12) T(3) FMC@) P@4) S@ T@ FMC@®)
B-pinene
R (+) 6.3 6.3 6.3 6.5 6.2 6.3 6.4 6.4 6.4 6.3 6.4 6.2
R(-) 93.7 93.7 93.7 93.5 93.8 93.7 93.6 93.6 93.6 93.7 936 938
sabinene
R (+) 14.6 14.6 14.6 14.9 14.6 14.7 14.8 14.6 14.6 14.6 14.7 14.5
R(-) 85.4 85.4 85.4 85.1 85.4 85.3 85.2 85.4 854 854 853 85.5
limonene
S() 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.8 1.7 1.7
R (+) 98.3 98.3 98.3 98.3 98.3 98.3 98.3 98.3 983 982 983 983
linalool
R(-) 60.2 61.2 61.7 60.6 59.6 58.4 59.3 58.9 548 560 564 550
S(+) 39.8 38.8 38.3 39.4 40.4 41.6 40.7 41.1 452 440 43.6 450
terpinen-4-ol
S(+) 16.3 24.5 24.8 21.1 18.3 24.2 23.7 20.6 167 238 237 207
R(-) 83.7 75.5 75.2 78.9 81.7 75.8 76.3 79.4 83.3 76.2 76.3 79.3
o-terpineol
S(-) 74.1 78.2 77.0 77.2 78.3 78.2 74.2 78.3 77.6 784 735 786
R (+) 259 21.8 23.0 22.8 21.7 21.8 25.8 21.7 224 216 265 214

9number of samples analyzed
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Table 8. Enantiomeric distribution of some components

in distilled lemon oils and commercial lemon oils

The enantiomeric distribution of
some components of lime oils has been

Distilled oils Commercial oils Cold-

pressed
1 2 1 2 3 4 5 [ Range

B-pinene
R (+) 64 6.6 78 35 41 67 6.1 54 4.2-7.0
R (=) 93.6 934 922 965 959 923 939 946 95.8-93.0
sabinene
R (+) 14.6 12.7 584 94.0 565 502 169 169 12.5-15.3
R (=) 854 87.3 41.6 6.0 435 49.8 83.1 83.1 87.5-84.7
limonene
S(-) 1.7 1.7 13.7 96 116 145 69 50 1.5-2.0
R (+) 98.3 98.3 869 904 885 855 93.1 950 98.5-98.0
linalool
R (=) 60.0 53.1 148 5.7 103 146 233 204 50.8-71.5
S(+) 40.0 46.9 852 943 89.7 854 76.7 79.6 49.2-28.5
terpinen-4-ol
S(+) 285 284 57.2 754 399 46.7 339 289 13.7-26.9
R (-) 71.5 71.6 428 24.6 60.1 533 66.1 71.1 86.3-73.1
o-terpineol
S(-) 764 77.0 399 8.8 48.1 342 67.1 658 64.2-82.0
R (+) 23.6 23.0 60.1 91.2 519 658 329 342 35.8-18.0

reported only in three papers.1216:17
Figures 7-10 show the chiral chro-
matogram of B-pinene, sabinene,
limonene, linalool, terpien-4-ol and
o-terpineol foracold-pressed Keylime
oil type A, a cold-pressed Key lime oil
type B, a cold-pressed Persion lime oil
and a distilled lime oil, respectively.
The enantiomeric distribution in lime
oils of the components analyzed can be
seen in Table 12. From analyses it can
be seen that cold-pressed Keylime oils
type A type B possess nearly identical
enantiomeric distribution values for
the analyzed components.
Cold-pressed Persian lime oils show
the same value for the enantiomeric
distribution of limonene, as do Key
lime oils, but different values for the
enantiomeric distribution of other
components. (+)-B-Pinene, (+)-sabi-
nene, (+)-linalool and (+)-a-terpineol
in Persian lime oils represent a higher
percentage of the total amount of the
components than in Key lime oils. The
converse is true for terpinen-4-ol. The
differences between Persian and Key
lime oils can be attributed to the natural

S(-)-a-terpineol, and R(-)-linalool in
cold-pressed lemon oil

Figure 4. Variation of monthly average values
of the enantiomeric excess of R(+)-limonene,
S(-)-b-pinene, S(-)-sabinene, R(-)-terpinen-4-ol,
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characteristics of the two oils and not to
theisolation technology. The Keylime oil
type B analyzed shows similar values to
Key lime oils type A, and not to Persian
lime oils. However, it was obtained with
the same extraction technology used for
Persian lime oils.

Distilled lime oils, obtained from
Key lime fruits, show values of the
enantiomeric distribution of the
analyzed components different from
those shown by the cold-pressed oils,
excepting B-pinene, which shows the
same value as for cold-pressed oils.
The other enantiomeric distributions
tend to be racemic, and linalool shows
a racemic composition. This behavior
agreeswith the chemistry of the distilled
lime oils, described in detail by Clark
and Chamblee.*?

Comparison of the
Different Italian Cold-Pressed
Essential Oils
In Table 13, the enantiomeric distri-
bution values of Ttalian cold-extracted
bergamot, lemon and mandarin oils
that were analyzed are reported. In
the same table, the preliminary data
obtained for italian sweet and bitter
orange oils can be found. In sweet
orange oil, only the enantiomeric
ratios of sabinene and limonene are
reported. The enantiomeric distribu-
tion of the other components varies
within a very wide range. Therefore, a
large number of samples analyzed are
necessary top obtain enough data fora
robust interpretation. This is probably
due to the numerous cultivars grown
and used for the industrial processing
of blond sweet orange fruit (biondo
commune, valencia navel, washington
navel, ovale) and of pigmented oranges
(moro, tarocco, sanguinello). All these
cultivars will contribute in a different
manner, during the productive season,
to the raw material that arrives at the
processing site. Because the volatile
composition of sweet orange oil is influ-
enced by the different cultivars of the
fruit processed, itis possible to foresee
asmililar behavior for the enantiomeric
distribution of its components.

As seen in Table 13, the enantio-
meric distribution values allow for the
characterization of different oils and

Vol. 26, January/February 2001

Table 9. Average values of the enantiomeric distribution of some components in

cold-pressed mandarin oils grouped according

to month and technology of production
Oct. Nov. Dec. Jan. All(63)
Pelatrice Torchi Torchi Torchi FMC FMC

e 32 (@6 (6)) 2 m X Range
B-pinene
R (+) 98.3 984 980 977 976 974 982 97.0-98.8
R(-) 1.7 1.6 2.0 2.3 2.4 2.6 1.8 3.0-1.2
sabinene
R (+) 79.2 79.2 78.8 78.7 786 78.8 79.0 76.2-80.5
R (-) 20.8 208 212 213 214 212 21.0 23.8-195
limonene
S(-) 2.2 2.2 2.2 2.2 2.1 2.0 2.2 2.0-2.3
R (+) 97.8 978 978 978 979 980 978 98.0-97.7
linalool
R (-) 16.8 16.8 15.7 14.1 14.0 13.1 16.1 13.1-19.8
S(+) 83.2 83.2 84.3 859 860 869 839 86.9-80.2
terpinen-4-ol
S(+) 12.7 14.1 12.8 11.0 11.5 11.4 13.2 10.0-19.2
R(-) 87.3 859 87.2 89.0 885 886 868 90.0-81.8
o-terpineol
S(-) 74.7 75.7 76.3 76.1 71.3 71.1 75.6 69.6-76.8
R (+) 25.3 243 237 239 287 289 244 30.4-23.2
9number of samples analyzed

to differentiate between them even if
some components present very similar
values to other oils. The enantiomeric
ratios of limonene are very similar for
all the oils analyzed, with the exception
of sweet orange oil, where the R(+)
enantiomer is more abundant. For -
pinene and sabinene, a similar behavior
in bergamot, lemon and bitter orange
is observed. In mandarin and sweet
orange the ratio of the enantiomers
of these components is inverted. The
enantiomeric ratio of (=) and (+) lin-
aloolis the same in bergamot and bitter
orange oils where the S(+) enantiomer
is present at very lowlevels. In lemon
and mandarin oil, the S(+) enantiomer
is present at higher levels. In lemon oil
this amount ranges between 28% and
43% of the total amount of linalool.
In manadarin oils, this level reaches
values up to 87%. The enantiomeric

ratios of terpin-4-ol and o-terpineol
swing within large ranges for all oils.
For terpinen-4-ol, no substantial dif-
ferences among the analyzed citrus
oils were found, while in terpineol, it
was possible to determine differences.
The R(+) isomer is present at higher
levels only in bergamot oils produced
at the end of the productive season.
The values of enantiomeric distribu-
tion of linalyl acetate are the same for
all of the bergamot and bitter orange
analyzed.

Summary

Bergamot can be differentiated from
lemon oil by the different enantiomeric
ratio of linalool; from mandarin oil by
the different enantiomeric ratios of -
pinene, sabinene and linalool; and from
sweet orange oil by the enantiomeric
ratios of sabinene and limonene. Lemon
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Figure 6. Variation of monthly average values Table 10. Enantiomeric distribution of
of the enantiomeric excess of R(+)-limonene, some components in distiled mandarin oils
S(-)-b-pinene, S(-)-sabinene, R(-)-terpinen-4-ol,
S(-)-a-terpineol, and R(-)-linalool in cold-pressed Range
mandarin oil
B-pinene
R(+) 96.1-97.7
100 — R (-) 3.9-2.3
-~ (+)-B-pinene
B sabinene
| (+)-limonene
%0 R (+) 77.8-79.9
R (-) 22.2-20.1
‘ limonene
801 S (-) 1.7-2.2
M R () 98.3-97.8
A .
707 (+)-linalool linalool
R () 16.3-20.4
S(+) 83.7-79.6
60 - (+)-sabinene Terpinen-4—ol
S(+) 25.3-28.7
..—/‘\ R(-) 74.7-71.3
50 + (H)-a-terpineol |
| o-terpineol
|
S() 61.2-73.4
40 ‘ R (+) 38.8-26.6
Oct. Nov. Dec./Jan.

Table 11. Enantiomeric distribution of some components in commercial mandarin oils

Cold-pressed
1 2 3 4 5 6 7 8 9 10 11 Range

B-pinene

97.0-98.8

R() 70.7 59.7 28.9 5.8 16.0 54 432 504 3.0 22 2.6
3.0-1.2

sabinene
76.2-83.4

23.8-16.6

limonene
S(-) 45 1.9 2.0 1.8 1.7 0.7 46 50 2.3 2.0 2.0
1.5-2.3

R(+) 955 98.1 98.0 98.2 98.3 99.3 954 950 97.7 98.0 98.0
98.5-97.7

linalool
R() 26.5 19.2 15.3 14.0 124 35 18.0 19.1 17.6 13.7 8.4
12.7-19.8

S(+) 73.5 80.8 84.7 86.0 87.6 96.5 82.0 809 824 863 91.6
87.3-80.2

terpinen-4-ol

S(+) 17.3 14.8 12.4 14.6 149 38.9 245 258 16.4 16.6 18.1
10.0-19.2

IQ i_i 82.; 85.2 8; .6 ES.Z 85. 6'. I ;5.5 ;a.? 83.6 83.1 8 .;
90.0-81.8

o-terpineol

67.8-76.8

R(+) 56. 250 249 539 46.8 75.8 638 5338 320 3038 42,6
32.2-23.2
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oil can be differentiated from mandarin
oil by the different enantiomeric ratios
of B-pinene, sabinene, limonene and
linalool; from sweet orange oil by the
enantiomeric ratios of sabinene and
limonene; and from bitter orange by
that of linalool. Mandarin oil is dif-
ferentiated from sweet orange oil by
the enantiomeric ratios of sabinene
and limonene, and from bitter orange
oil by those of B-pinene, sabinene and
lonalool. Sweet orange oil can be dif-
ferentiated from bitter orange oil by
the enantiomeric ratios of sabinene and
limonene. As mentioned before, bitter
orange oil is different from mandarin,
lemon and sweet orange because of
the enantiomeric ratios of some of the
components analyzed, but has values
very similar to those of bergamot oil,
with the exception that bergamot oils
produced at the end of the productive
season where the enantiomeric distribu-
tion of a-terpineol is different. l
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Figure 7. GC chiral chromatogram of the heart-cuts of
sabinene + b-pinene, limonene, linalool, terpinen-4-ol,
and a-terpineol of key lime oil type A
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Figure 8. GC chiral chromatogram of the heart-cuts of
sabinene + b-pinene, limonene, linalool, terpinen-4-ol,
and a-terpineol of key lime oil type B
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Figure 9. GC chiral chromatogram of the heart-cuts of
sabinene + b-pinene, limonene, linalool, terpinen-4-ol,
and a-terpineol of Persian lime oil
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Figure 10. GC chiral chromatogram of the heart-cuts of
sabinene + b-pinene, limonene, linalool, terpinen-4-ol,
and a-terpineol of distilled lime oil
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Table 13. Enantiomeric ratios of some components of
cold-pressed ltalian citrus oils
Sweet Bitter

Bergamot Lemon Mandarin orange orange
B-pinene
R (+) 6.8-9.5 4.2-7.0 97.8-98.8 6.8-8.9
R(-) 93.2-90.5 95.8-93.0 1.2-3.0 92.2-91.1
sabinene
R (+) 14.1-18.8 12.5-15.3 76.2-80.5 94.6-97.9 14.1-16.0
R (=) 85.9-81.2 87.5-84.7 23.8-19.5 5.4-2.1 85.9-84.0
limonene
S() 1.9-2.7 1.5-2.0 2.0-2.3 0.6 20.-2.7
R (+) 98.1-97.3 98.5-98.0 98.0-97.7 99.4 98.0-97.3
linalool
R (-) 99.4-99.7 56.8-71.5 13.1-19.8 99.5-99.7
S(+) 0.6-0.3 43.2-28.5 86.9-80.2 0.5-0.3
terpinen-4-ol
S(+) 9.7-26.3 13.7-26.9 10.0-19.2 13.4-25.4
R(-) 90.3-73.7 86.3-73.1 90.0-81.8 86.6-74.6
o-terpineol
S(-) 17.5-69.4 64.2-82.0 69.6-76.8 49.3-68.1
R (+) 82.5-30.6 35.8-18.0 30.4-23.2 50.7-31.9
linalyl acetate
R (-) 99.7-99.9 99.7-99.8
S(+) 0.3-0.1 0.3-0.2
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