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ABSTRACT

Pine nuts contain healthy amounts of minerals like manganese, potassium, calcium, iron, magnesium,
zinc and selenium. This paper presents a study of the chemical composition ofthe oils within pine seeds
from two locations in Iran, extracted using the Soxhlet method and analyzed with gas chromatography
and mass spectroscopy. A total of 38 compounds were identified with in the oils, and a relatively high
variation in their contents was found. The main constituents of the pure oil were: Manool oxide,
Germacrene D, y-Cadinene, (E)-Caryophyllene, y-Terpinene, a-Terpineol and Guaiol.
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INTRODUCTION

Pine trees (family Pinaceae, genus Pinus). Several species of Pinus are known and they are grouped as
soft pines (haploxylon) and hard pines (diploxylon). Pinus pinea is present in diploxylon pine groups and
its seeds are the common pine nuts present in world markets (Mirov, 1967).

The composition of pine nuts shows variation among species and even some subspecies depending on
geographical and climatic conditions (Sagrero-Nieves, 1992; Savage, 2001).

Recently there has been considerable interest in biologically active compounds from plants as sources of
bio-pesticides. oils from aromatic plants are examples ofcompounds with potential to control pests; they
are becoming more popular because many synthetic drugs are connected with unpleasant side effects.
Volatile oils also represent an interesting alternative due to the emerging esistance of pests against
synthetic agents (Singh et al., 2003).

Certain treaties and laws negotiated by tribes in Nevada guarantee Native Americans' right to harvest pine
nuts (Frazier, 2009). Pine nuts can cause taste disturbances, lasting between a few days to a few weeks
after consumption. A bitter, metallic taste is described. Thoughunpleasant, there are no known lasting
effects, with the FDA reporting that there are "no apparent adverse clinical side effects" (Mostin, 2001).
This phenomenon was first described in a scientific paper in 2001 (Middleton, 2009) Publications have
made reference to this phenomenon as "pine nut syndrome™ or as "pine mouth” (The Great Pine Nut
Mystery, 2011).

The Nestlé Research Centre has hypothesized that nuts from a particular species of pine occurring mostly
in China, Pinus armandii, is the cause of the problem. The suspected species of pine nuts aresmaller,
duller, and more rounded than typical pine nuts (Destaillats et al., 2011). A 2011 study found results
consistent with this hypothesis and also suggested that chemicals used in the shelling process might be
responsible (Munk, 2010). Metallic taste disturbance, known as metallogeusia, is typically reported 1-3
days after ingestion, being worse on day 2 and lasting typically up to 2 weeks. Cases are self-limited and
resolve without treatment (Moller, 2010). Moller has postulated a hypothesis that could explain why
thebitter taste appears several days after ingestion and lasts for so long (US FDA). A well known
physiological process known as enterohepatic recirculation (EHR) could play a key role in the
development of pine nut syndrome, which is currently under investigation by the FDA (Hughes et al.,
2008). The objectives of this study were to investigate the chemical composition of the oils within Pinus
pinea L. seeds from Iran.
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MATERIALS AND METHODS

Samples of Pinus pinea L. seeds were collected from North and South Khorasan in Iran. To measure the
amount of oil in a pine nut, the nut was powdered in an electric mill and the oil extracted using the
Soxhlet method with a solvent of Hexan. After removing the solvent by evaporation, the amount of oil in
the samples was calculated and expressed as a percentage of the overall sample weight before oil
extraction (Horwitz, 2000).

Determination of Composition

To analyze samples Agilent's gas chromatography method was used. The gas chromatography machine
used was the Agilent 7890 (Agilent Corporation of America) equipped with Mass Spectroscopy detector
5975C inert MSD.

chromatography conditions were according to AOAC method No. 963/22 (28) with capillary column of
DB-35 MS of length 30 meters and diameter 0.25 mm. The thickness of Polar Silica was 0.25
micrometers. Chromatography temperature parameters were set as follows: injector at 250°C, ion source
at 200°C. The oven was set as follows: initial temperature of 80°C for 20s, then heated from 80°C to
240°C at a rate of 4cC.min-1 , and finally 240-C for 10 min. Carrier gas was helium; column flow was
1.4 ml.min-1 with split rate 1:30. A 1.0 mm3 sample was injected. The energy of the El source of the
Agilent mass spectrometer was 70eV.

RESULTS AND DISCUSSION

In the experiment, the oils, Pinus pinea L from South Khorasan constituted 34% of the chemical
composition, while Pinus pinea L from North Khorasan constituted 42% of the chemical composition.
Analysis revealed that the oil of Pinuspinea L from South Khorasan contained mainly Manool oxide
(20.4%), Germacrene D (15.4%), y-Cadinene(11.8%), (E)-Caryophyllene(7.8%), y-Terpinene (3.6%) and
a-Cadinol (3.4%). A total of 38 compounds amounting to 95.1% of the sample were identified from the
oil of Pinus pinea L from North Khorasan. Its major components were Manool oxide (21.9%),
Germacrene D (15.8%), y-Cadinene (10.5%), (E)-Caryophyllene (6.4%), a-Cadinol (4.6%) and v-
Terpinene (4.4%) as shown in Table 1.

Table 1: Compounds obtained from GC/GC-MS analysis of Pinus pinea L. seed’s oils*

Compound RI South Khorasan (%) North Khorasan (%)
a-Pinene 940 15 0.6
Sabinene 977 1.4 2.7
B-Pinene 981 1.0 0.8
B-Myrcene 992 0.3 0.1
Limonene 1031 23 2.2
Ocimene 1044 05 0.3
y-Terpinene 1060 3.6 4.4
p-Cresol 1074 0.7 -
Terpinolene 1088 1.2 0.8
Camphenone 1094 - 0.4
Linalool 1097 1.3 11
a-Terpineol 1189 1.7 14
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Verbanol 1195 1.9 2.1
Linalool acetate 1257 14 1.3
Isobornyl acetate 1286 - 0.9
a-Copaene 1376 0.3 04
Longifolene 1387 0.8 0.1
B-Cubebene 1388 0.2 0.1
(E)-Caryophyllene 1420 7.8 6.4
a-Guaiene 1439 0.3 0.7
a-Humulene 1454 14 11
(E)-B-farnasene 1456 04 0.2
a-Muurolene 1477 0.6 0.9
a-amorphene 1484 2.3 2.8
Germacrene D 1485 154 15.8
a-muurolene 1500 21 13
a-Farnesene 1506 2.8 1.9
Germacrene A 1508 - 0.1
y-Cadinene 1523 118 105
(E)-nerolidiol 1563 0.8 0.4
Caryophyllene oxide 1584 0.1 0.3
Guaiol 1595 14 1.3
a-Cadinol 1653 34 4.5
(E.E)-Farnesol 1722 11 2.8
(Z.E)-Farnesol 1743 0.9 0.8
(2E, 6E)-farnesyl acetate 1846 0.7 0.8
Manool oxide 1988 204 21.9
Thumbergol 2045 0.7 0.9
% Peaks identified 945 95.1
Total yield % (mL/100g) 34 42

*GC/ MS analysis of oil of Pinus pinea L. seeds
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The retention data of Pinus pineaL. seeds oil are presented in Fig. 1 and 2.The results from this study
revealed that there is high variability between the chemical components of oils from two different
locations in Iran.
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Figure 1: Chromatogram ofPinus pinea L.seeds oil of plants collected from the northwest region of
Khorasan, lran
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Figure 2: Chromatogram ofPinus pineaL.seeds oil of plants collected from the southern region of
Khorasan, Iran

Each organic compound from the oil samples was identified based on their retention time indices in the
resulting gas chromatograph with reference to homologues series of n-alkanes. The obtained mass
spectrum of each analyte was also compared with the mass fragmentation from library pattern number
NIST 08. L database / ChemStation data system, and also was compared with other results from previous
researches. Table 1 presents the results of the analyses carried out in this study.

Conclusion

In conclusion, this study shows that the difference in seed oils between the two locations in Iran was
relatively small, which has not been previously reported. The results in this paper also confirm that the
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seeds are a rich source of many important nutrients that appear to have a very positive effect on human
health.
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