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ABSTRACT 
 

In the present study we have investigated, how the essential oil composition and the oil yield varies 

within the same population of Swiss stone pine in a certain location in Austria, depending on slope 

exposition. The plant material was taken from 10 individuals of Pinus cembra L. The 10 sample trees 

were selected on phenotypic properties like stem diameter and height, to provide proper distribution of 

the average population’s age. All individuals were collected from 1800m to 1850m above sea level. 

Five individuals were selected from a north-facing slope another five from a south-facing slope to 

identify a possible effect of the exposition. The distillation was executed in a medium scaled, wood 

fired copper distillery with a boiler volume of 80 litre and a 40 litre copper column in order to be close 

to conditions of an industrial process. The essential oil composition of this population was compared to 

commercially available essential oils of Swiss stone pine from different manufacturers. The results 

showed no relations between the slope exposition and the essential oil yield and composition. The 

population’s essential oil yield resulted in 1.6% mean percentage, of which the lowest and highest yield 

showed 1.2% and 1.9% respectively. Furthermore, the composition was subdivided into monoterpenes 

(83.4%), oxygenated monoterpenes (1.7%), sesquiterpenes (13%), oxygenated sesquiterpenes (1.5%) 

and unidentified compounds (1%). The most recurrent compounds were 1R-α-pinene (38.7%), 

limonene (31%), 1S-β-pinene (9.1%), germacrene D (4.4%), delta cardinene (2.2%) and camphene 

(1.8%). Germacrene D had a remarkable variability of 72.2% within all 10 individuals of the examined 

population.  

 

1. INTRODUCTION 
Pinus cembra L.is a currently discussed pine species, that has attracted attention through sleep studies 

(2002, Joaneum Research), its excellent properties as a construction and sculptural material as well as 

its unique smell, which makes it important for aromatherapeutic purpose. In alpine regions it is also 

known as „The Queen of the Alps“(HOLZINGER, 2005). In Austria there are several populations 

growing at different altitudes. Those locations provide different soils, which can be calcareous, acidic 

and show various thicknesses of humus horizons. The phenotypes of most populations differ between 

those habitats, which becomes apparent by different longitudinal and secondary growth.  

 

A study by Muellner shows that the essential oils of different plant parts of a single stone pine 

individual varies in composition. Although compounds of the essential oil vary between different plant 

parts of the tree, there is no research that quantifies the oil composition within a whole population of 

Pinus cembra L. 
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1.1 PINUS CEMBRA L. 

Pinus cembra L.(en: Swiss stone pine, zirbel pine, de: Zirbe, Arve, rus: Kedr, pol: limba) is distributed 

from higher regions of the Carpathians to the Transylvanian Mountains. Since the last glacial period, 

the Ice Age, the Swiss stone pine started to spread from Siberia (Pinus cembra ssp. sibirica) to the 

European Alps, where it started to grow on higher treelines of 2300-2500 m. Its resistence to frost up to 

-43°C and its very slow growth provides a persistent phenotype, that can age up to 1000 years, in 

which it can grow up to 25 meters (ULBER, 2004) (BUSSOTTI, 2002). 

 

Kingdom: Plantae 

Division: Pinophyta 

Class:  Pinopsida 

Order:  Pinales 

Family: Pinaceae 

Genus:  Pinus 

Subgenus: Strobus 

Species: P. cembra 

 

 

 
Figure 1: Distribution of Pinus cembra L.in Europe (ROLLOF et al, 1994) 

The wood of the stone pine is commonly used as building timber as well as for wood art, because of its 

aesthetic appearance and high durability. Another important use is the extraction of an essential oil 

through steam-distillation, which is performed because of its economically interesting oil extraction 

yields, the unique blend of volatiles and its intensive smell. Essential oils in general have a spectrum of 

a nearly uncountable amount of substances that are as yet not completely identified. 
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1.2	  ESSENTIAL	  OILS	  

 

Essential oils are complex mixtures that can be physically isolated through pressing or distillation 

methods of whole plants or plant parts. The most important biosynthetic compounds, found in essential 

oils, are classified into; Sesquiterpenes, mono-diterpenes and phenylpropenes. Analyses of those 

compounds are mostly performed by gas chromatography and Carbon-13 NMR spectroscopy. As a 

huge amount of identified and unidentified substances were located in different plant species, the 

impacts of most substances in ecological ways appear as intra specific messengers, defensive 

substances against pests or attraction of pollinators or beneficial organisms, antioxidant and 

antimicrobial effects. (NOVAK, handbook) (ROMANIAN). The industrial uses of essential oils are 

widely spread. Due to their antibiotic effects, essential oils are becoming more important in the animal 

feed industry. In the food and cosmetics sector, essential oils have been used for decades for 

aromatisation of products, in order to give them their distinctive taste or smell. 

 

1.3	  CURRENT	  STATE	  OF	  RESEARCH	  	  

 

In research carried out by MUELLNER (AUSTRIA, 2015), different plant parts of the stone pine such 

as needles, shoots, cones,  stem bark and branch bark, underwent water distillation to extract the 

essential oil. Results showed that the composition varied between those plant parts in their components 

and in the yield of the essential oil itself. The sample materials for this study were taken from one 

single individual from the border triangle of Carinthia, Styria and Salzburg (Austria). 

 

In another research paper by APETREI et al. (ROMANIA, 2013), needles and twigs of a single 

individual of Pinus cembra L.were extracted through hydrodistillation. The essential oil composition 

showed up to 41 single compounds, which were tested for antioxidant and antimicrobial activity. The 

results indicated high antibacterial activity against Staphylococcus lutea and S. aureus and weak radical 

scavenging activity.  

A study by VOKOU et al. (GREECE, 1993) examined differences in essential oil yield and 

composition of Origanum vulgare ssp. hirtum. Individuals from 23 different locations all over Greece 

were taken as sample material. Results showed remarkable differences in yield and composition, 

depending on the plant’s geographic location. The altitude, respectively the temperature, may be two of 

the most important influences on the plant’s essential oil production. “The hotter the climate, the higher 

the total concentration” of phenolic compounds. VOKOU et al. (GREECE, 1993) 
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1.4	  QUESTIONS	  

 

1. What is the yield of the essential oil of a Pinus cembra L.population in Defereggental (East-Tyrol)? 

 

2. How is the essential oil composition of this Pinus cembra L.population assembled regarding its 

components? 

 

3. Is the essential oil composition/yield correlated to the slope exposition? 

 

4. How does the essential oil composition vary between the samples of Defereggental and selected 

commercial essential oils? 

  

2 MATERIAL AND METHODS 
 

2.1	  MATERIAL	  

 

2.1.1 SAMPLE MATERIAL 

 

The plant material was taken from 10 individuals of Pinus cembra L.in an alpine region of East Tyrol 

called Defereggental. Its name originated in the slawic word „dobro“, which means „good“. An area of 

275 ha within the Defereggental is called the „Oberhauser Zirbenwald”. It is located at an altitude of 

1170 – 2250m and provides one of the largest coherent stone pine populations in Austria with an area 

of about 275 ha. (KURZTHALER, 2003). The coordinates of the investigated area are B: 46.945068 

and L: 12.218521 (WGS 1984 – Decimal). 

 
Figure 2: Geographic location of Pinus cembra L.samples (TIRIS, 2015) 
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The 10 sample trees were selected on phenotypic properties like stem diameter and height, to provide 

proper distribution of the average population’s age. The plant material was collected under the 

permission of the municipality. All individuals were collected at a sea level from 1800m to 1850m. Of 

those, 5 individuals were selected from a north facing slope, another 5 were taken from a south-facing 

slope. The sample material of 20kg per individual, consisted of apparently healthy branches with a 

diameter of up to 1.5cm, including the shoot tips and the needles.  The branches were cut off with 

sterilized pruning shears and machetes, on equal distances along the stem, up to a tree-height of 10 

meters. Samples were taken on 16 October of 2015. 

 
Table 1 Sample properties 

Sample number 
Stem diameter 

(cm) 

Slope  

exposition 

AD1 201 SW 335° 

AD2 135 SW 313° 

AD3 115 SW 335° 

AD4 99 SSW 201° 

AD5 270 SW 235° 

AD6 220 NE 44° 

AD7 160 ENE 78° 

AD8 272 ENE 65° 

AD9 142 ENE 73° 

AD10 68 ENE 68° 

2.1.2 COMMERCIAL ESSENTIAL OILS 

 

Four commercial oils of Pinus cembra L.were taken as samples, to be compared with the essential oil 

of the examined population: Bergilla, Primavera, Farfalla, Nockzirbe. 

 

2.2	  SAMPLE	  MATERIAL	  PREPARATION	  (EXPERIMENTAL	  SITE)	  

 

The collected plant samples (Figure 3) were processed through a shredding machine (Figure 5), which 

was cleaned with Ethanol (90% Ethanol) after each sample had gone through. The steam-distillation of 

the plant material was performed immediately after the shredding process to avoid evaporation of the 

highly volatile essential oil compounds. The sample material was not dried before the distillation 

process. One hundred grams of the shredded material was put into plastic bags, to determine residual 

moisture later on. 
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Figure 3: Plant material 

 

 
Figure 4: Shredded plant material 

 

 
Figure 5: Shredder - Superzack 

	  

2.3	  STEAM-‐DISTILLATION	  (EXPERIMENTAL	  SITE)	  

 

Steam-distillation was performed by a wood-fired copper distillery with a boiler volume of 80 litre. A 

40 litre copper column, (with a sieve on the bottom) was set up above the boiler, after the shredded 
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plant material was filled into it. The condenser was constantly supplied with 5°C cold water. The 

process of each sample was performed one day after the collection of the sample material, to prevent 

evaporation losses of the essential oil. 

 
Figure 7: Schema distillery 

 

After cleaning the distillery for half an hour - with constant steam flow and no cooling water inside the 

condenser - the boiler was filled with 30 litres of water, which was heated up to 97°C (boiling point on 

1700m MSL). 12kg (± 0.2kg) of the plant material was processed through the shredder and then 

pressed into the column with a consistent pressing force of ~850kg/m². After filling the column, the 

distillery was reassembled and sealed up with a mixture of rye flour and water. During the distillation, 

the condensed essential oil and hydrolate was caught in 1000ml separating funnels, where the hydrolate 

was frequently drained into 10 litre canisters.  The essential oil remained in the funnel until the end of 

the process. Each sample ran through the distillation process for an average time of 1 hour (± 15min). 

The distillation process was stopped after an amount of 7.7 litres (± 0.2) hydrolate was drained.  

After each distillation process, the whole distillery was disassembled and cleaned with water, to ensure 

no plant material was left in. Afterwards the boiler was refilled with 30 litres of water, which was again 

heated up to 97°C. The whole distillery was then reassembled, sealed up and run through a 30 minutes 

water steam cleaning process, to ensure, that no residual hydrolat or essential oil could contaminate the 

following sample. The essential oil, caught in the separating funnel, was filtered through filter paper, 

which was assembled on a 100ml measuring cylinder. The filtered essential oil was measured in 

quantity. Afterwards a 2ml sample was collected in a dark autosampler vial (Agilent Technologies, 

Vienna, Austria). The vials and bottles were stored deep-frozen in the dark until GC/MS-analysis. 

Figure 6: Distillery 
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2.4	  SAMPLE	  MATERIAL	  PREPARATION	  (LABORATORY)	  

 

2.4.1 RESIDUAL MOISTURE DETERMINATION 

The sample material, fresh branches with shoot tips and needles, were processed through steam-

distillation one to three days after the sample collection. Residual moisture determination had to be 

performed, in order to provide correct results of the population’s essential oil yield. Before each sample 

was distilled, 100g of the shredded material was packed into airtight plastic bags and stored in cold 

conditions.  

The determination was performed at 125°C in a compartment drier (HEAREUS) for 1 hour and 30 

minutes (until the mass did not change) and the residual moisture was then calculated as follows: 

 

2.5	  GC/MS	  

2.5.1 SAMPLE PREPARATION FOR GAS CHROMATOGRAPHY – MASS SPECTROMETER 

ANALYSIS (GC/MS) 

In order to prepare the essential oil samples for gas chromatography analysis, the samples had to be 

filtered a second time. Pipettes were equipped with cotton on the tips and immersed in the sample vials. 

The essential oil was then pulled up through the cotton in the pipette and injected into 5ml glass vials. 

After filtering, a 1:100 dilution was prepared and filled into 2ml autosampler vials (Agilent 

Technologies, Vienna, Austria). The commercial oils were prepared the same way. The vials were then 

put into the gas chromatograph system 7890A (Agilent Technologies, Vienna, Austria). 

2.5.2 GC/MS PARAMETER 

The gas chromatograph system 7890A (Agilent Technologies, Vienna, Austria) provided a 

massspectrographic detector 5975C VLMSD and a HP-5MS-column. Helium was used as carrier gas. 

The temperature was raised from 60°C at 320°C with 6°C/min. The flow velocity was 14ml/min and 

the injection volume was 1 µl under a split relation of 1:10. 

2.5.3 RAW DATA EVALUATION AND VISUALISATION  

The raw data was imported to Open Chrome (open source software for GC/MS-data evaluation and 

visualization) and then identified through the NIST MS 2008 database. Retention Indices were 

calculated via AMDIS and double-checked with Kovats Indices at the Pherobase 

(www.pherobase.com) and ADAMS 2007.  

Residual moisture = Fresh weight - Dry weight
Fresh weight

*100
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2.6	  STATISTICS	  

For statistic evaluation of the data material the software “R” was used.  

 

3. RESULTS 

3.1	  RESIDUAL	  MOISTURE	  

As the Boxplot (Figure 9) of North-East and South-West expostition is showing deviations regarding 
residual moisture. A  Welch-T-Test was performed to show significant differences beween both 
expositions, regarding the residual moisture.  
 

Table 2: Residual moisture of the 10 Swiss pine individuals from Defereggental 

Sample nr. Slope 
exposition 

Fresh weight 
(g) 

Dry 
weight (g) 

Residual 
moisture (%) 

 

AD1 SW 63.04 31.76 49.62 

R
M

SW
 

AD2 SW 76.51 41.51 45.75 

AD3 SW 57.85 28.34 51.01 

AD4 SW 57.74 31.55 45.36 

AD5 SW 63.58 35.20 44.64 

AD6 NE 43.70 24.70 43.47 

R
M

N
E 

AD7 NE 64.21 35.40 44.87 

AD8 NE 61.84 33.28 46.18 

AD9 NE 45.94 25.80 43.84 

AD10 NE 41.47 24.30 41.40 

Mean SW 63.74 33.67 47.27 
Mean NE 51.43 28.70 43.95  

Mean total  57.59 31.18 45.61  
 

 
Figure 8: Histogramm of RMSW   Figure 9: Historgramm of RMNE 
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Figure 10: Boxplot Residual-Moisture 

 

Shapiro-Wilk normality test 

data:  RMSW 

W = 0.85496, p-value = 0.2107 

The null-hypothesis of this test is that the population is normally distributed. With alpha =0.05 and 

n=5! Walpha level=0.76 <0.85 null hypothesis is true ! normal distibution 

 

> shapiro.test(RMNE) 

Shapiro-Wilk normality test 

 

data:  RMNE 

W = 0.98329, p-value = 0.9514 

With alpha =0.05 and n=5! Walpha level=0.76 <0.983 null hypothesis is true ! normal distibution 

 

F test to compare two variances 

 

data:  RMSW and RMNE 

F = 2.5776, num df = 4, denom df = 4, p-value = 0.3814 

alternative hypothesis: true ratio of variances is not equal to 1 
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95 percent confidence interval: 

  0.2683703 24.7563548 

sample estimates: 

ratio of variances  

          2.577571 

 

! Because the alternative hypothesis is true, the Welch Two Sample t-test is used 

 

Welch Two Sample t-test 

 

data:  RMSW and RMNE 

t = 2.2172, df = 6.6977, p-value = 0.06384 

alternative hypothesis: true difference in means is not equal to 0 

95 percent confidence interval: 

 -0.2536485  6.9016485 

sample estimates: 

mean of x mean of y  

   47.276    43.952 

 

The alternative hypothesis is true ! the two mean values are not equal so there is a significant 

difference regarding the residual moisture between south- and north-exposition. 

 
 
3.2	  YIELD	  AND	  COMPOSITION	  OF	  THE	  POPULATION’S	  ESSENTIAL	  OIL	  

The extracted essential oil yield of branches, shoot tips and needles, resulted in of 1.6% mean 

percentage of the whole population. The lowest and highest yield showed 1.2% and 1.9% related on the 

dry mass. For these results, an average residual moisture of 45.6% was considered. The GC-analysis 

showed 54 compounds with a percentage over 0.1% (36 identified and within the whole population). 11 

compounds could not be identified. Substances with values under 0.1% were not considered. In case a 

substance, which was <0.1% in one sample, but >0.1% in others, a value of 0.05% was assumed for the 

substance <0.1%.  

The samples of the population showed a distribution of terpenes as following: monoterpenes (83.4%), 

oxygenated monoterpenes (1.7%), sesquiterpenes (13%), oxygenated sesquiterpenes (1.5%) and 

unidentified compounds (1%). These values are mean-values of the whole population. For missing 

compounds of several individuals, 0.05% was determined to allow statistical analysis. The most 
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recurrent compounds were 1R-α-pinene (38.7%), limonene (31%), 1S-β-pinene (9.1%), germacrene 

(4.4%), delta cardinene (2.2%) and camphene (1.8%). 

Table 3: Chemical composition (%) of Pinus cembra L.population (10 individuals) 

Compound RI KOVATS Mean SW Mean NE 

Tricylene 920 919 0.14% 0.18% 

1-R-α-Pinene 936 936 38.09% 39.35% 

Camphene 948 952 1.43% 2.17% 

1S-β-Pinene 979 981 9.15% 9.01% 

Myrcene 998 991-994 1.45% 1.49% 

α-Phellandrene 1008 1005 0.09% 0.12% 

3-Carene 1013 1017 0.62% 0.46% 

p-Cymene 1029 1026 0.06% 0.06% 

Limonene 1034 1031-1035 30.69% 31.32% 

α-Terpinolene 1088 1084-1088 0.52% 0.38% 

α-Pinene epoxide 1096 1095 0.07% 0.05% 

trans-Pinocarveol 1139 1139 0.06% 0.09% 

Unknown 1159 - 0.14% 0.17% 

Crypton 1186 1188 0.81% 0.42% 

α-Terpineol 1192 1185-1207 0.12% 0.16% 

Estragole 1199 1195 0.09% 0.08% 

Thymol-Methylether 1236 1235 0.61% 0.58% 

Cuminaldehyde 1242 1239 0.07% 0.05% 

Unknown 1272 - 0.07% 0.09% 

Unknown 1279 - 0.1% 0.13% 

Bornylacetat 1287 1285 0.68% 0.46 

Cymen-7-ol 1293 1287 0.06% 0.05% 

Unknown 1337 - 0.07% 0.08% 

α-Longipinene 1353 1351 0.10% 0.19% 

α-Copaene 1379 1376 0.10% 0.15% 

β-Elemene 1395 1375-1395 0.12% 0.13% 

α-Cedrene 1403 1409 0.05% 0.06% 

β-Caryophyllene 1424 1418-1467 1.15% 0.87% 

Unknown 1434 - 0.08% 0.06% 

Aromadendrene 1444 1439-1464 0.19% 0.27% 

α-Caryophyllene 1459 1444-1454 0.60% 0.64% 

γ-Muurolene 1482 1477 0.55% 0.46% 

Germacrene D 1487 1480-1499 5.34% 3.51% 

α-Selinene 1492 1493 0.11% 0.16% 

Elixene 1502 1492 1.25% 1.11% 

α-Muurolene 1505 1480-1499 0.29% 0.33% 
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Figure 11: Comparison of all 10 GC/MS chromatograms 

3.3	  YIELD	  AND	  COMPOSITION	  REGARDING	  SLOPE	  EXPOSITION	  

 

Regarding slope exposition, five individuals of each slope (North; South) were compared. The essential 

oil yield of the south-exposed, respectively north-exposed individuals was 1.5% and 1.7% in total. 

Mean values of the compounds with highest concentrations showed no significant differences in 

quantity. Judging by to the results shown on the previous page (Table3) and the lack of significant 

results after Wilcoxon-Rank-Sum-Tests for each compound, the slope exposition seems to have no 

influence on essential oil yield or composition; therefore, no further tests were performed. 

β-Bisabolene 1512 1509 0.42% 0.59% 

γ-Cadinene 1520 1513 1.02% 1.22% 

δ-Cadinene 1529 1530 2.13% 2.32% 

α-Cadinene 1544 1538 0.14% 0.12% 

α-Bisabolen 1546 1540 0.05% 0.07% 

Unknown 1554 - 0.06% 0.05% 

Germacrene D-4-ol 1582 1511-1574 0.42% 0.25% 

Spathulenol 1584 1575-1619 0.05% 0.06% 

Caryophyllene Oxide 1590 1581 0.18% 0.14% 

1.2.Epoxide Humulene 1607 1617 0.21% 0.16% 

T-Muurolol 1649 1642 0.35% 0.33% 

Unknown 1653 - 0.05% 0.06% 

α-Cadinol 1662 1653 0.27% 0.20% 

Unknown 1680 - 0.07% 0.05% 

α-Bisabolol 1691 1683-1701 0.14% 0.15% 
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Table 4: Distribution of terpenes, cv, SD, mean 

Sample Exposition 
Monoterpenes 

(%) 

Oxygenated 

monoterpenes 

(%) 

Sesquiterpenes 

(%) 

Oxygenated 

sesquiterpenes 

(%) 

AD1 

SW 

85.11% 1.70% 11.43% 0.99% 

AD2 86.66% 1.26% 11.07% 1.10% 

AD3 82.89% 1.52% 14.15% 1.43% 

AD4 83.35% 0.83% 14.25% 1.65% 

AD5 84.74% 1.82% 11.82% 1.32% 

AD6 

NE 

81.39% 1.93% 15.27% 1.01% 

AD7 85.40% 1.41% 10.45% 1.39% 

AD8 83.44% 2.29% 12.87% 1.52% 

AD9 76.77% 2.18% 18.95% 1.99% 

AD10 84.16% 1.54% 12.33% 2.27% 

σ (SD) SW 0.0150 0.0039 0.0154 0.0026 

σ (SD) NE 0.0338 0.0039 0.0327 0.0050 

cv SW 1.77% 27.65% 12.24% 20.23% 

cv NE 4.11% 20.65% 23.40% 30.46% 

Ø SW 84.55% 1.43% 12.54% 1.30% 

Ø NE 82.23% 1.87% 13.97% 1.64% 

σ (SD) total 0.0275 0.0044 0.0252 0.0042 

cv total 3.30% 26.46% 19.03% 28.33% 

Ø total 83.39% 1.65% 13.26% 1.47% 

 

 
Table 5: Mean values of compounds regarding slope exposition 

Sample Germacrene δ-Cadinene Limonene 1S-β-Pinene 1-R-α-Pinene 

S1 0.90% 2.11% 30.92% 10.04% 38.01% 

S2 1.39% 2.67% 34.46% 8.89% 39.10% 

S3 7.25% 1.87% 29.12% 8.90% 40.70% 

S4 4.98% 2.67% 27.72% 6.70% 43.88% 

S5 3.01% 2.26% 34.39% 10.53% 35.04% 

mean 3.51% 2.32% 31.32% 9.01% 39.35% 

            

N1 6.33% 2.02% 30.09% 10.18% 36.53% 

N2 3.44% 1.68% 32.39% 8.52% 39.69% 

N3 3.71% 2.17% 34.95% 9.79% 35.41% 

N4 9.82% 2.17% 25.47% 6.14% 39.59% 

N5 3.41% 2.63% 30.56% 11.14% 39.21% 

mean 5.34% 2.13% 30.69% 9.15% 38.09% 
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Wilcoxon rank sum test 

 

 data:  Germacrene by Slope.exposition 

 W = 18. p-value = 0.31 

 alternative hypothesis: true location shift is not equal to 0 

 data:  Limonene by Slope.exposition 

 W = 12. p-value = 1 

 alternative hypothesis: true location shift is not equal to 0 

 data:  X1.R.α.Pinene by Slope.exposition 

 W = 11. p-value = 0.84 

 alternative hypothesis: true location shift is not equal to 0 

 data:  X1S.β.Pinene by Slope.exposition 

 W = 13. p-value = 1 

 alternative hypothesis: true location shift is not equal to 0 

data:  δ.Cadinene by Slope.exposition 

 W = 8. p-value = 0.4 

 alternative hypothesis: true location shift is not equal to 0 

 

 

3.4 VARIATION 

   

The variation coefficient (cv) was determined, to show significant deviations regarding the individual 

essential oil composition of each sample tree. Results with a variation coefficient under 60% were not 

considered. Table 4 also shows the number of individuals that contained more than 0.1% of listed 

compounds, as well as the relative concentration, to provide significance of cv. 

 
Table 6: cv (%) of single compounds within the population 

Compound RI KOVATS 
Mean 

percentage cv 
Samples > 

0.1% 

Caryophyllene oxide 1590 1581 0.16% 62.59 % 7 

1.2 Epoxide humulene 1607 1617 0.19% 66.03% 7 

α-Longipinene 1352 1351 0.15% 92.14% 7 

3-carene 1013 1017 0.54% 93.27% 7 

Germacrene 1487 1480-1499 4.42% 61.75% 10 

Germacrene D-4-ol 1582 1511-1574 0.34% 74.54% 10 

Bornylacetat 1287 1285 0.57% 75.94% 10 
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3.5	  COMPOSITION	  OF	  COMMERCIAL	  ESSENTIAL	  OILS	  

 

The GC-analysis presented a total of 39 compounds (Bergilla: 21 compounds, Primavera: 37 

compounds, Farfalla: 24 compounds, Nockzirbe: 34 compounds) >0.1%. 13 compounds could not be 

identified at all. For all four commercial essential oils, mean values of monoterpenes (89.9%), 

oxygenated monoterpenes (2.5%), sesquiterpenes (7.3%) and oxygenated sesquiterpenes (0.5%) were 

determined to compare them to the examined population’s essential oil. Except for one unidentified 

compound (Unknown; RI-1645) found in the Nockzirbe sample, no oxygenated sesquiterpenes were 

found in any of the examined commercial essential oils.  

 

 

 

 
Table 7: Composition of commercial essential oils 

Compound        RI    KOVATS  Bergilla Farfalla Nockzirbe Primavera   Mean 

Tricylene 920 919  0.14% 0.13% 0.14% 0.17% 0.14% 

1-R-α-Pinene 936 936  41.78% 43.24% 37.64% 40.54% 40.80% 

Camphene 948 952  2.40% 2.19% 2.13% 2.56% 2.32% 

1S-β-Pinene 979 981  11.10% 10.88% 10.64% 10.74% 10.84% 

Myrcene 998 991-994  1.34% 1.18% 1.51% 1.38% 1.35% 

α-Phellandrene 1008 1005  0.25% 0.34% 0.22% 0.40% 0.30% 

3-Carene 1013 1017  0.72% 2.02% 1.52% 1.87% 1.53% 

Unknown 1020 -  0.05% 0.05% 0.05% 0.12% 0.07% 

p-Cymene 1029 1026  0.05% 0.17% 0.14% 0.18% 0.13% 

Limonene 1034 1031-1035  33.24% 31.06% 32.84% 30.24% 31.85% 

Unknown 1061 -  0.05% 0.05% 0.05% 0.12% 0.07% 

α-Terpinolene 1089 1084-1088  0.48% 0.55% 0.45% 0.65% 0.53% 

Camphor 1142 1146  0.05% 0.05% 0.05% 0.13% 0.07% 

Unknown 1159 1192  0.05% 0.05% 0.05% 0.06% 0.05% 

endo-Borneol 1165 1165  0.05% 0.13% 0.10% 0.21% 0.12% 

Unknown 1177 -  0.05% 0.10% 0.16% 0.14% 0.11% 

α-Terpineol 1192 1185-1207  0.28% 0.59% 0.41% 0.83% 0.53% 

Estragole 1199 1195  0.05% 0.05% 0.05% 0.05% 0.05% 

Thymol-Methylether 1237 1235  0.51% 0.53% 0.61% 0.65% 0.58% 

Bornylacetat 1287 1285  1.03% 1.02% 1.18% 1.06% 1.07% 

Unknown 1350 -  0.33% 0.11% 0.41% 0.17% 0.25% 

Unknown 1377 -  0.05% 0.05% 0.11% 0.10% 0.08% 

β-Caryophyllene 1424 1418-1467  0.54% 0.66% 0.61% 0.74% 0.64% 

Unknown 1441    0.05% 0.05% 0.11% 0.05% 0.07% 
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α-Caryophyllene 1459 1444-1454  0.56% 0.42% 0.48% 0.69% 0.54% 

γ-Muurolene 1482 1477  0.45% 0.46% 0.49% 0.55% 0.49% 

Germacrene D 1487 1492  1.87% 1.20% 2.36% 1.16% 1.65% 

Unknown 1489 -  0.05% 0.05% 0.11% 0.13% 0.08% 

Valencene 1498 1491  0.05% 0.05% 0.05% 0.35% 0.13% 

Unknown 1499 -  0.28% 0.35% 0.70% 0.05% 0.35% 

α-Muurolene 1505 1480-1499  0.38% 0.33% 0.38% 0.37% 0.36% 

β-Bisabolene 1512 1509  0.32% 0.36% 0.57% 0.42% 0.42% 

γ-Cadinene 1520 1513  0.57% 0.53% 0.93% 0.57% 0.65% 

δ-Cadinene 1529 1530  1.44% 1.46% 2.02% 1.44% 1.59% 

Unknown 1582 -  0.05% 0.05% 0.20% 0.05% 0.09% 

Unknown 1646 -  0.05% 0.05% 0.25% 0.05% 0.10% 

Unknown 1659 -  0.05% 0.05% 0.14% 0.05% 0.07% 

Unknown 1689 -  0.05% 0.05% 0.12% 0.05% 0.07% 

Cembrene A 1932 1942  0.05% 0.05% 0.32% 1.00% 0.36% 

 

The mean sesquiterpenes-amount (7.3%) of the commercial essential oil was remarkably lower than 

examined population’s amount (13%). However the remaining amount of monoterpenes and 

oxygenated monoterpenes had no significant variations in quantity. The Boxplot (Figure 9) shows, that 

both examined groups (commercial essential oil/examined population of Defereggental), do not 

overlap.  

 

 

 

Wilcoxon rank sum test 

 

data:  Sesquiterpenes... by Group 

W = 0. p-value = 0.002 

alternative hypothesis: true location shift is not equal 

to 0 

 

 

 

 

 

Two of the four commercial essential oils (Bergilla and Farfalla), were very similar in composition, as 

both chromatograms show in figure 10. 
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Figure 12: Boxplot sesquiterpenes 
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Figure 13: Comparison of two commercial oils 

 

4. DISCUSSION 
 

In this study 10 Pinus cembra L.individuals of one specific population in East Tyrol (Austria) were 

examined, to compare the essential oil compounds between the individuals of the population itself and 

four selected commercial essential oils by Bergilla, Farfalla, Nockzirbe and Primavera. Furthermore, 

the hypothesis was formed, that the slope exposure of the swiss stone pine trees, could be related to the 

essential oil composition and/or yield. Regarding the results and statistical tests, no significant 

correlation between these factors could be determined. 

 

The comparison of the results, shown in this study and results of MUELNNER (2015) and APETREI et 

al. (2013), leads to the conclusion that differences in composition of the essential oil could be linked to 

extraction methods, geographic location and the examined plant parts.  

The research of APETREI et al. (2013) found up to 28 identified compounds in the essential oil from 

twigs and 27 identified compounds from needles of one single individual (Calimani mountains - 

Romania, 1650m). The extraction method was hydro-distillation with a Clevenger-type apparatus of the 

grinded plant material for 4 hours. Results of APETREI et al. (ROMANIA, 2013), also showed a 

combined (EON=needles and EOT=twigs) mean percentage composition of 83.1% monoterpenes(M), 

0.5% oxygenated monoterpenes(OM), 7.7% sesquiterpenes (S) and 0.1% oxygenated 

sesquiterpenes(OS).  
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Table 8: APETREI et al. (ROMANIA, 2013) Page 32. Table 1. 

 
The results of GC/MS-analysis of examined commercial essential oils showed similar values 

(M:89.9%, OM:2.6%, S:7.3%, OS:0.5%), especially in terms of sesquiterpene-amount. The examined 

population (Defereggental) showed similar values of M (83.4%) and OM (1.7%), but differed in S (13 

%) and OS (1.5%) by factor 2.  

Germacrene D seemed to be the most remarkable compound in comparison of each piece of research, 

as APETREI only found traces in the needles’ essential oil, whereas the examined population of 

Defereggental showed an average percentage of 4.4%, a highest value of 9.8% and a lowest value of 

0.9%. Commercial essential oils showed no germacrene D at all.  

Plant part samples of one single examined individual of Pinus cembra L.according to research by 

MUELNNER (Vienna, 2015) was taken at Schönfeld/Bundschuh at 1800m altitude. Results presented 

69 compounds (identified and unidentified substances), found in essential oil, extracted from all plant 

parts (Needles, shoots, cones, stem bark and branch bark) which were separately analysed. The 

essential oil was extracted through steam distillation, with a steady hydrolat backflow, for 3 hours in a 

pot (Albrigi, Verona, Italy). MUELLNER detected germacrene D only in the needles’ essential oil with 

an amount of up to 11%.  

The GC/MS-analysis showed a total of 54 compounds in the Defereggental population, but only 39 

compounds were found in all four commercial essential oils. Main components of the essential oil in 

both examined groups were 1-R-α-Pinene, 1S-β-Pinene and Limonene. Germacrene D was only 

detected in the Defereggental population. 

 

In a study of ARIMURA, G.-I., HUBER, D. P. W. and BOHLMANN, J. (2004) the germacrene –D 

emmissons  of Populus trichocarpa × deltoids were measured after feeding to forest tent caterpillars, as 

well as after mechanical wounding of the living plant. 
Local FTC-infested leaves produced substantially higher (P = 0.07 in both cases) levels of (E)-β-

ocimene and (−)-germacrene D, over five replicates. Sampling of systemic emissions of mechanically 

wounded trees showed very little of these volatiles. Unwounded trees did not produce detectable 

amounts of any of these compounds. ARIMURA, G.-I., HUBER, D. P. W. and BOHLMANN, J. (2004). If we 
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abstract this to our case, it could be an indication of why the germacrene –D values within our 

population showed high variation.  

 

5. CONCLUSION 
 

Regarding the differences of the investigated population in sesquiterpene concentration compared to 

the literature as well as the analysed commercial oil, the analysis of further populations could lead to 

the origin of this deviation.  

Furthermore, a higher amount of samples in different populations would facilitate statistically 

significant statements regarding composition and effects of slope exposition. 

As the results showed low cv values of single compounds within the population, a comparison of 

different populations could be expected to lead to significant results. 

 

The high variation of germacrene-D - and the possible implication of it, beeing a reaction of the plant 
to mechanical damage and/or insect feed - also opens the field for future research. 
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