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Enantiomeric Distribution of Volatile 
Components of Citrus Oils by MDGC

The enantiomeric distribution of volatile components of 
  citrus oils provides a useful parameter for the evaluation 

of genuineness and quality of the oils.1-14 Chiral gas chroma-
tography, using modifi ed 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 diffi cult. 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.2,3,15 Coupled systems 
of liquid chromatography and gas chroma tography (LC-
GC), and multidimensional gas chromatographic systems 
(MDGC), permits the pre-fraction ation 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.9,10,13,14,16-23 

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.24 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 
β-pinene, sabinene, limonene, linalool, terpinen-4-ol and 
α-terpineol in citrus oils determined by a multidimensional 
GC system developed and assembled in our laboratories are 
reported in this personal review.25-30 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 

even for the components eluted after numerous transfers. The 
pre-column, mounted in the fi rst oven, was a capillary SE-52, 
30 x 0.32 mm, 0.40-0.45 µm fi lm thickness column; the main 
column, mounted in the second oven, was a capillary column of 
2,3-di-O-ethyl-6-O-(tertbutyldimethylsilyl)-β-cyclodextrin 30% 
in PS 086, 25 m x 0.25 mm, 0.25 µm fi lm thickness. 

The oils were fi rst analyzed with the SE-52 pre-column to 
determine the concentration of the components of interest 
and their retention times, maintaining the multi dimensional 
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:

• 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 semifl uid 
wastes (feccie) ejected by the fi rst separator (approxi-
mately 3.0% of the total oil).
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The enantiomeric distribution of linalool and linalyl ac-
etate in bergamot oils has been extensively studied, while 
the data in literature regarding the enantimeric ratios of 
other volatile compounds are scant.1,4,8,11,20,21,31-36 Few 
data on the enantimeric ratios of α-pinene, β-pinene and 
limonene are reported.8,16,17,19

Cold-pressed oils: Figure 1 shows the chromatogram of 
a cold-pressed bergamot oil obtained with an SE-52 column 
and the system in the stand-by position; the chromnatogram 
of the same oil obtained with the SE-52 column and the 
system in the cut position (on this chromatogram the cuts 
are shown); and the chromatogram obtained with the chiral 
column of the fractions transferred from the SE-52 column. 
In Table 3, the values of the enantiomeric ratios for the 
cold-pressed bergamot oils gathered every two weeks can 
be found. Figure 2 shows the enantiomeric excess of the 
components analyzed during the production season.

As can be seen in Table 3 and Figure 2, the enantio-
meric distribution of linalool and linalyl acetate seems to 
be stable during the production season for all oils analyzed. 
Particularly, S (+)-linalool precentage is included between 
0.3% and 0.6% of the total content of linalool, while S (+)-
linalyl acetate content is included between 0.l% and 0.3% 
of the total content of linalyl acetate. These values agree 
with those reported in literature for genuine bergamot 

Table 1. Samples of essential oils 
analyzed by MDGC

3 cold-pressed key lime oils type A

1 cold-pressed key lime oil type B

11 cold-pressed Persian lime oils

6 distilled lime oils

7 laboratory extracted mandarin oils

63 cold-pressed mandarin oils

4 distilled mandarin oils

11 commercial mandarin oils

148 cold-pressed lemon oils

2 distilled lemon oils

6 commercial lemon oils

101 cold-pressed bergamot oils

7 torchiati bergamot oils

7 ricicli bergamot oils

3 pulizia dischi bergmot oils

2 distilled bergamot oils

12 cold-pressed sweet orange oils

6 cold-pressed bitter orange oils

Table 2. Relative percentage and transfer windows of some components in the essential oil analyzed by MDGC

 sabinene +     linalyl

 β-pinene limonene linalool terpinen-4-ol α-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 t–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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oils.1,4,8,21,32-36 The enantiomeric ratio of sabinene seems 
to be stable enough during the production season, while 
the enantiomeric ratios of limonene and β-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 α-terpineol 
changes greatly during the same period. The ratios S(-
)/R(+)-α-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 infl uence the enantiomeric 
distribution of the compnents analyzed

Torchiati oils: In Table 4, the enantiomeric distribu-
tion of β-pinene, sabinene, limonene, linalool and linalyl 
acetate for samples produced in the fi rst 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 fi rst 
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(–)-α-terpineol 
isomer for torchiati oils produced both in the fi rst 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)a (33) (5) (8) (7) (22) (3) (101)

 Range Range Range Range Range Range Range Range

β-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

α-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

anumber 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)

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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α-terpineol shows values lower than the lowest values of 
cold-pressed oils produced over the same period. The 
behavior of α-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 
(+)-α-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(+)-α-terpineol. The percentage of α-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 semifl uid 

wastes ejected by the fi rst 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 β-pinene, sabinene and limonene is not 
infl uenced 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 Pela trice, Sfumatrice, Torchi and 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)a (2) (7) (5) (5) (3) (22)

β-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 2.2–2.3 2.0–2.4 2.2–2.3 2.2–2.3 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 0.5–0.4 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

α-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

anumber of samples analyzed
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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 anmulti dimen sional 
gas chr om ato graphy.3,10,14,15-23,37-39

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 β-pinene, sabi nene, limonene, 
linalool, terpinen-4-ol and α-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.

As can be observed from Table 6 and 
Figure 4, limonene shows enantiomeric 
distribution values that are practically 
constant all year. The ratios between 
(–)- and (+)-β-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 α-terpineol cover 
a wide range. However, during the 
productive season, the enantiomeric 
excess of (–)-terpinen-4-ol and (–)-α-
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 
is about 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. 

In Table 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 to infl uence the enantiomeric 
distribution of β-pinene, sabinene, 

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

β-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 72.9 90.3–73.7

α-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 α-terpineol. Only 
terpinen-4-ol tends to racemize slightly 
in oils extracted with Sfumatrice and 
Torchi. These latter techniques allow for 
contact of 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. For the 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. For the 
commercial oil analyzed, only β-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 it was impossible to determine 
the products used in the reconstitution 
of these oils

Mandarin Oils

In Italy 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 
oil2,10,15-21,37,39 Most of the results are 
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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 All (148)

 (15)a (28) (30) (15) (10) (10) (12) (11) (3) (2) (4) (6) Range

β-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 (–) 94.0 93.6 93.6 93.7 93.8 94.1 94.5 94.9 95.5 95.5 95.4 94.9 95.8–93.0

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 (–) 85.4 85.3 85.3 85.4 85.6 85.7 86.1 86.6 87.3 87.2 86.7 86.9 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 (+) 98.2 98.3 98.3 98.3 98.3 98.3 98.3 98.3 98.2 98.1 98.2 98.2 98.5–98.0

linalool

R (–) 66.6 61.0 58.9 55.6 54.3 53.2 53.0 52.3 53.3 60.3 60.1 63.7 56.8–71.5

S (+) 33.4 39.0 41.1 44.4 45.7 46.8 47.0 47.7 46.7 39.7 39.9 36.3 43.2–28.5

terpinen-4-ol

S (+) 20.7 22.5 23.3 21.2 21.3 20.1 21.8 22.7 21.6 20.4 21.9 18.3 13.7–26.9

R (–) 79.3 77.5 76.7 78.8 78.7 79.9 78.2 77.3 78.4 79.7 78.1 81.7 86.3–73.1

a-terpineol

S (–) 78.1 77.1 76.4 76.9 77.5 78.3 78.9 78.3 80.4 78.4 79.2 77.7 64.2–82.0

R (+) 21.9 22.9 23.6 23.1 22.5 21.7 21.1 21.7 19.6 21.6 20.8 22.3 35.8–18.0

anumber of samples analyzed

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 

Figure 3. GC chiral chromatogram of the heart-cuts of 
sabinene + β-pinene, limonene, linalool, terpinen-4-ol, 

and α-terpineol of lemon oil

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 α-terpin-
eol is irregular, while the enantiomeric ratios of β-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. 
An exception is ter    pinen-4-ol, which shows relative percentage of 
the dextrorotatory isomer 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 
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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)

 P (3)a S (8) T (7) FMC (10) P (2) S (12) T (13) FMC (3) P (4) S (4) T (4) FMC (3)

β-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 93.6 93.8

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 85.4 85.4 85.3 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 98.3 98.2 98.3 98.3

linalool

R (–) 60.2 61.2 61.7 60.6 59.6 58.4 59.3 58.9 54.8 56.0 56.4 55.0

S (+) 39.8 38.8 38.3 39.4 40.4 41.6 40.7 41.1 45.2 44.0 43.6 45.0

terpinen-4-ol

S (+) 16.3 24.5 24.8 21.1 18.3 24.2 23.7 20.6 16.7 23.8 23.7 20.7

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

α-terpineol

S (–) 74.1 78.2 77.0 77.2 78.3 78.2 74.2 78.3 77.6 78.4 73.5 78.6

R (+) 25.9 21.8 23.0 22.8 21.7 21.8 25.8 21.7 22.4 21.6 26.5 21.4

anumber of samples analyzed

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 stereospecifi c reaction so 
that it modifi es 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 β-pinene is mostly levorotatory. Samples 4 
and 5, because of the enantiomeric distribution of β-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:40

• 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.

• Distilled lime oil, obtained by reacting the fl avor com-
pounds of a mixture of oil/juice/crushed fruits in acid 
medium.
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Table 8. Enantiomeric distribution of some components 
in distilled lemon oils and commercial lemon oils

 Distilled oils Commercial oils Cold-
pressed

 1 2 1 2 3 4 5 6 Range

β-pinene
R (+) 6.4 6.6 7.8 3.5 4.1 6.7 6.1 5.4 4.2–7.0 

R (–) 93.6 93.4 92.2 96.5 95.9 92.3 93.9 94.6 95.8–93.0

sabinene
R (+) 14.6 12.7 58.4 94.0 56.5 50.2 16.9 16.9 12.5–15.3
R (–) 85.4 87.3 41.6 6.0 43.5 49.8 83.1 83.1 87.5–84.7

limonene
S (–) 1.7 1.7 13.7 9.6 11.6 14.5 6.9 5.0 1.5–2.0
R (+) 98.3 98.3 86.9 90.4 88.5 85.5 93.1 95.0 98.5–98.0

linalool
R (–) 60.0 53.1 14.8 5.7 10.3 14.6 23.3 20.4 50.8–71.5
S (+) 40.0 46.9 85.2 94.3 89.7 85.4 76.7 79.6 49.2–28.5

terpinen-4-ol
S (+) 28.5 28.4 57.2 75.4 39.9 46.7 33.9 28.9 13.7–26.9
R (–) 71.5 71.6 42.8 24.6 60.1 53.3 66.1 71.1 86.3–73.1

α-terpineol
S (–) 76.4 77.0 39.9 8.8 48.1 34.2 67.1 65.8 64.2–82.0
R (+) 23.6 23.0 60.1 91.2 51.9 65.8 32.9 34.2 35.8–18.0

Figure 4. Variation of monthly average values 
of the enantiomeric excess of R(+)-limonene, 

S(–)-b-pinene, S(–)-sabinene, R(–)-terpinen-4-ol, 
S(–)-a-terpineol, and R(–)-linalool in 

cold-pressed lemon oil

Figure 5. GC chiral chromatogram of the heart-cuts of 
sabinene + b-pinene, limonene, linalool, terpinen-4-ol, 

and a-terpineol of mandarin oil

The enantiomeric distribution of 
some components of lime oils has been 
reported only in three papers.12,16,17

Figures 7-10 show the chiral chro-
matogram of β-pinene, sabinene, 
limonene, linalool, terpien-4-ol and 
α-terpineol for a cold-pressed Key lime 
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 Key lime 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. (+)-β-Pinene, (+)-sabi-
nene, (+)-linalool and (+)-α-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 
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characteristics of the two oils and not to 
the isolation technology. The Key lime 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 β-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 
agrees with the chemistry of the distilled 
lime oils, described in detail by Clark 
and Chamblee.40

Comparison of the 
Different Italian Cold-Pressed 
Essential Oils
In Table 13, the enantiomeric distri-
bution values of Italian 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 for a 
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 infl u-
enced by the different cultivars of the 
fruit processed, it is possible to foresee 
a smililar 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 

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 β-
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-
alool is 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 α-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 β-
pinene, sabinene and linalool; and from 
sweet orange oil by the enantiomeric 
ratios of sabinene and limonene. Lemon 

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  

 (7)a (32) (16) (5) (2) (1) X Range

β-pinene

R (+) 98.3 98.4 98.0 97.7 97.6 97.4 98.2 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 78.6 78.8 79.0 76.2–80.5

R (–) 20.8 20.8 21.2 21.3 21.4 21.2 21.0 23.8–19.5

limonene

S (–) 2.2 2.2 2.2 2.2 2.1 2.0 2.2 2.0–2.3

R (+) 97.8 97.8 97.8 97.8 97.9 98.0 97.8 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 85.9 86.0 86.9 83.9 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 85.9 87.2 89.0 88.5 88.6 86.8 90.0–81.8

α-terpineol

S (–) 74.7 75.7 76.3 76.1 71.3 71.1 75.6 69.6–76.8

R (+) 25.3 24.3 23.7 23.9 28.7 28.9 24.4 30.4–23.2

anumber of samples analyzed
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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

β-pinene
R (+) 29.3 40.3 71.1 94.2 84.0 94.6 56.8 49.6 97.0 97.8 97.4 
97.0–98.8
R (–) 70.7 59.7 28.9 5.8 16.0 5.4 43.2 50.4 3.0 2.2 2.6 
3.0–1.2
sabinene
R (+) 82.2 37.6 58.3 78.6 82.2 96.6 86.2 75.1 80.3 81.3 85.5 
76.2–83.4
R (–) 17.8 62.4 41.7 21.4 17.8 3.4 13.8 24.9 19.7 18.7 14.5 
23.8–16.6
limonene
S (–) 4.5 1.9 2.0 1.8 1.7 0.7 4.6 5.0 2.3 2.0 2.0 
1.5–2.3
R (+) 95.5 98.1 98.0 98.2 98.3 99.3 95.4 95.0 97.7 98.0 98.0 
98.5–97.7
linalool
R (–) 26.5 19.2 15.3 14.0 12.4 3.5 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 80.9 82.4 86.3 91.6 
87.3–80.2
terpinen-4-ol
S (+) 17.3 14.8 12.4 14.6 14.9 38.9 24.5 25.8 16.4 16.6 18.1 
10.0–19.2
R (–) 82.7 85.2 87.6 85.4 85.1 61.1 75.5 74.2 83.6 83.4 81.9 
90.0–81.8
α-terpineol
S (–) 43.9 75.0 75.1 46.1 53.2 24.2 36.2 46.2 68.0 69.2 57.4 
67.8–76.8
R (+) 56.1 25.0 24.9 53.9 46.8 75.8 63.8 53.8 32.0 30.8 42.6 
32.2–23.2

Figure 6. Variation of monthly average values 
of the enantiomeric excess of R(+)-limonene, 

S(–)-b-pinene, S(–)-sabinene, R(–)-terpinen-4-ol, 
S(–)-a-terpineol, and R(–)-linalool in cold-pressed 

mandarin oil

Table 10. Enantiomeric distribution of 
some components in distilled mandarin oils

 Range

β-pinene

R (+) 96.1–97.7

R (–) 3.9–2.3

sabinene

R (+) 77.8–79.9

R (–) 22.2–20.1

limonene

S (–) 1.7–2.2

R (+) 98.3–97.8

linalool

R (–) 16.3–20.4

S (+) 83.7–79.6

terpinen-4-ol

S (+) 25.3–28.7

R (–) 74.7–71.3

α-terpineol

S (–) 61.2–73.4

R (+) 38.8–26.6
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oil can be differentiated from mandarin 
oil by the different enantiomeric ratios 
of β-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 enan tiomeric ratios of sabinene 
and limonene, and from bitter orange 
oil by those of β-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 α-terpineol is different. ■
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Table 12. Enantiomeric distribution of some components in 
cold-pressed and distilled lime oils

 Cold-pressed 

 Key type A Key type B Persian Distilled

 range  range Range

β-pinene

R (+) 3.4–3.5 3.5 9.1–10.3 3.2–4.0

R (–) 96.6–96.5 96.5 90.9–89.7 96.8–96.0

sabinene

R (+) 15.1–15.2 15.3 18.2–23.4 –

R (–) 84.9–84.8 84.7 81.8–76.6 –

limonene

S (–) 2.6–2.9 1.8 0.4–2.7 5.5–8.7

R (+) 97.4–97.1 98.2 99.6–97.3 94.5–91.3

linalool

R (–) 70.2–71.5 70.0 54.4–69.3 49.8–50.0

S (+) 29.8–28.5 30.0 45.6–30.7 50.2–50.0

terpinen-4-ol

S (+) 29.2–29.5 29.5 18.6–24.9 42.3–45.0

R (–) 70.8–70.5 70.5 81.4–75.1 57.7–55.0

α-terpineol

S (–) 84.0–85.5 82.8 74.5–80.8 53.3–56.8

R (+) 16.0–14.5 17.2 25.5–19.2 46.7–43.2



34/Perfumer & Flavorist Vol. 26, January/February 2001

PERFUMER&FLAVORIST

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

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

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

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 Italian citrus oils

    Sweet Bitter
 Bergamot Lemon Mandarin orange orange

β-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

α-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

35. V. Shubert and A. Mosandl, Phytochem. 
Anal. 2, 171 (1991).

36. A. Verzera, G. Lamonica, L. Mondello, A. 
Trozzi, and G. Dugo, Perfum. Flavor. 21(6), 
19 (1996).
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Donato, P. Dugo, and G. Licandro, Perfum. 
Flavor 17(5), 57 (1992).

38. C. Bicchi, A. D’Amato, V. Manzin, and P. 
Rubiolo, Flavour Fragr. J. 12, 55 (1997).

39. L. Mondello, G. Dugo, P. Dugo, and K.D. 
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40. B.C. Clark, and T.S. Chamblee, in Off-fl avors 
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Ed., Elsevier Science, Amsterdam, 1992.
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42. A. Verzera, A. Trozzi, I. Stagno d’Alcontres, 
and A. Cotroneo, J. Essent. Oil Res. 8, 159 
(1996).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 212
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 212
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (IPC Print Services, Inc. Please use these settings with Acrobat 7. These settings should work well for every type of job; B/W, Color or Spot Color. We will be happy to customize settings for your needs - please contact Pre-press Helpdesk at \(888\) 563 3220 or prepress_helpdesk@ipcjci.com)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [792.000 1224.000]
>> setpagedevice




