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Seasonal variations in the composition of the essential oils obtained from rosemary plants of the same genotype cultivated in Belgrade were determined by GC 
and GC/MS. The main constituents were camphor (18.2 – 28.1%), 1,8-cineole (6.4-18.0%), α-pinene (9.7-13.5%), borneol (4.4-9.5%), camphene (5.1-8.7%), 
β-pinene (2.1-8.1%), β-phellandrene (4.6-6.5%), myrcene (3.4-5.9%) and bornyl acetate (0.2-7.9%).  Cluster analysis showed that 16 samples that had been 
collected each month during the vegetative cycle can be separated into three main clades with different compositions of essential oils. In the shoots with fruits 
(‘fruits’ – Clade I) and shoots with developed leaves (‘old shoots’ – Clade III) camphor is dominant. In shoots with young and incompletely developed leaves 
(‘young shoot’ – Clade II) camphor and 1,8-cineole had almost the same concentration. The fact that the same genotype during the growing seasons can 
synthesize oils that are so different that they can be classified as different chemotypes confirms the opinion that the chemical composition of essential oils 
sometimes critically depends on the time of collection. Also, for the definition of chemotypes it is not enough to base this on a chemical analysis of an oil from 
one phenophase only. 
 
Keywords:  Rosmarinus officinalis, Essential oils, Seasonal variations, Cluster analysis. 
 
 
 
Rosmarinus officinalis L. (Lamiaceae) is an evergreen sclerophyll 
shrub growing widely in the Mediterranean Basin. Many studies on 
the essential oil composition of rosemary have been reported, and 
many different chemotypes have been observed [1-4].  
 
Investigations of the influence of geographical, climatic and 
pedological characteristics of habitats [1, 5-9] generally support the 
opinion that the geographic positioning of the studied plants should 
be taken as the factor affecting the chemical composition of the 
essential oils, as well as that the geographical distribution of 
different chemotypes of essential oils of R. officinalis are largely 
due to the environmental characteristics of the habitats. At the same 
time, like in many other aromatic plants [10-16], some research 
clearly indicates that the oil composition of rosemary is strongly 
influenced by the stages of ontogenesis [17-18]. This paper aims to 
describe seasonal variations in the composition of the essential oils 
of rosemary of the same genotype, and to determine whether during 
the growing seasons, there are significant changes that could be 
characterized as a transition from one to another chemotype. 
 
Yield and composition of essential oils. The oil yields of the tested 
samples varied between 0.2% and 1.0%. The lowest values were 
recorded in the fruiting phase and the largest in young shoots (Table 
1). Monoterpenoids were the most abundant compounds (92.3-
95.3%), especially oxygenated ones (52.1-62.0%). Thirty-three 
components were identified, representing 100% of the oil. The main 
constituents were camphor (18.2-28.1%), 1,8-cineole (6.4-18.0%), 
α-pinene (9.7-13.5%), borneol (4.4-9.5%), camphene (5.1-8.7%), β-
pinene (2.1-8.1%), β-phellandrene (4.6-6.5%), myrcene (3.4-5.9%) 
and bornyl acetate (0.2-7.9%) (Table 1). 
 
Cluster analysis. Cluster analysis performed on the basis of Pearson 
distances showed a differentiation of three main clades (Figure 1). 
The first clade corresponds with sample of shoots with fruits (Clade 

I  October), the second with samples of young shoots (Clade II  
May), and the third with samples of old shoots (Clade III  June-
May). In the third clade, a weak differentiation in oil composition of 
old spring-summer shoots (Clade IIIa April-June) in relation to 
autumn-winter shoots (Clade IIIb August-March) is observed. 
 
Basic differences in the chemical composition of dominant 
components of the essential oils, expressed as the mean 
concentration for all samples belonging to the appropriate basic 
clades, are shown in Figure 2. The most significant differences are 
reflected in the concentration of camphor and 1,8-cineole. The main 
constituent in all clades was camphor, but the relationship 
‘camphor: 1,8-cineole’ varied from 4:1 in fruits (clade I), via 2:1 in 
old shoots (clade III) to almost 1:1 in young shoots (clade II). 
Significant differences were recorded also in the concentration of 
bornyl acetate. While in the young shoots this component      
formed 7.4% of the oils, in the old shoots and shoots with         
fruits it was present only in concentrations of 1.2 and 2.2%. Other 
dominant components (α-pinene, camphene, β-phellandrene and 
borneol) have more or less similar concentrations in all three clades 
(Figure 2). 
 
Seasonal dynamics of individual components of the essential oils.  
At all stages during the season, monoterpenes were dominant in the 
composition of rosemary essential oils (Table 1). Seasonal changes 
in the concentration of the dominant components of the essential 
oils of R. officinalis are shown in Figure 3. Camphor and bornyl 
acetate show weak seasonal changes, while all other dominant 
components (1,8-cineole, α-pinene, borneol, camphene and            
β-phellandrene) have very stable concentrations during the season. 
Camphor and bornyl acetate have opposite trends in seasonal 
changes. The lowest percentages of camphor were recorded in 
young shoots  (May – 18.8%).   Its  concentration  in  the old shoots 
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Table 1: Yield and chemical composition of the essential oils of Rosmarinus officinalis samples. 
 

KIE - Kovats (retention) index experimentally determined (AMDIS); KIL - Kovats (retention) index - literature data [25]; RRT - relative retention time to selected constituent 
(borneol=1.000); a – 2008. Year; b – 2009.Year. 

 
(from June to May) was uniform, and oscillated in the range from 
23.3% to 28.1%. On the contrary, bornyl acetate had its largest 
concentration in young shoots (May – 7.4%), but, during leaf 
development, its concentration declined rapidly. So, from August to 
March, bornyl acetate concentration was lower than 1% (Figure 3). 
 
Recent studies of rosemary essential oil composition of indigenous 
and cultivated plants in the Mediterranean area revealed the 
existence of 6 monodominant and 6 intermediate chemotypes. The 
most commonly recorded monodominant chemotypes are 1,8-
cineole [1,5-7,17,19-20]  and camphor chemotypes [1,5-7,21].  
Less common are verbenone [19-20,22], and α-pinene [20,23], 
chemotypes, while in only one sample linalool [19] and p-cymene 
[24] chemotypes were recorded. Intermediate chemotypes 1,8-
cineole/linalool [19], 1,8-cineole/camphor and 1,8-
cineole/camphor/borneol [1] were also recorded for only single 
samples.   

The results of our cluster analysis, performed on the same genotype 
of rosemary cultivated in Belgrade, have shown that 16 samples 
collected from each month during the vegetation cycle can be 
separated into three main clades, with different compositions of 
essential oils (Figure 1). In the shoots with fruits (‘fruits’– Clade I) 
and shoots with developed leaves (‘old shoots’ – Clade III) camphor 
is dominant, and these oils can be classified as camphor 
chemotype. In shoots with young and incompletely developed 
leaves (young shoots – Clade II) camphor and 1,8-cineole have 
almost the same concentration, so these oils can be classified as an 
intermediate camphor/1,8-cineole chemotype.  
 
Since the intermediate chemotype is registered only in the young 
shoots in May (Clade II), and one of the variants of monodominant 
chemotypes only in October (Clade I), we might conclude that the 
analyzed genotype of rosemary belongs to a variant of the camphor 
chemotype in which the relationship ‘camphor:1,8-cineole’ is  2:1.   

     Young shoots Old shoots Fruits 

     (Clade II) (Clade III) (Clade I) 

     May_a May_b Jun Aug Sep Oct Nov Dec Jan Feb Mar Apr_a Apr_b May_a May_b Oct 

 Yield of oil (%)    0.5 1.0 0.6 0.6 0.5 0.7 0.4 0.4 0.5 0.5 0.4 0.4 0.5 0.3 0.4 0.2 

 Components (%): KIE KIL RRT                 

1 Tricyclene 921.5 921 0.551 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.3 

2 α-Thujene 927.3 924 0.557 0.5 0.4 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.3 0.2 0.2 0.3 

3 α-Pinene 932.7 932 0.572 10.8 9.7 10.6 10.3 10.0 13.5 11.6 11.9 11.4 10.8 11.2 11.1 11.1 11.7 10.5 13.5 

4 Camphene 946.9 946 0.600 7.2 6.3 5.8 5.4 5.6 5.5 5.7 5.5 5.4 5.1 5.5 7.0 7.4 6.4 6.6 8.7 

5 Thuja-2.4(10)-diene 953.4 953 0.609 0.1 0.1 0.2 0.3 0.2 0.3 0.0 0.3 0.3 0.2 0.2 0.2 0.2 0.3 0.2 0.2 

6 Sabinene 970.1 969 0.642 0.2 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.3 

7 β-Pinene 975.5 974 0.651 8.1 5.3 3.9 2.2 2.1 2.5 2.6 2.3 2.3 2.5 2.8 5.3 5.5 4.0 4.1 4.7 

8 3-Octanone 991.2 979 0.661 0.3 0.6 2.5 3.0 3.2 3.4 3.8 2.7 3.9 4.1 3.8 2.4 2.3 3.2 2.6 1.3 

9 Myrcene 993.1 988 0.670 5.1 5.4 5.1 4.5 4.4 5.5 5.2 5.9 4.8 4.9 4.7 4.7 4.3 4.6 4.3 3.4 

10 3-Octanol 1002.4 988 0.677 0.1 0.2 0.6 0.6 0.8 0.9 0.0 0.7 1.1 1.1 1.0 0.7 0.6 0.8 0.7 0.4 

11 α-Phellandrene 1005.1 1002 0.699 1.4 1.7 1.7 1.7 1.4 2.0 1.6 2.3 1.4 1.4 1.4 1.4 1.5 1.3 1.3 1.2 

12 α-Terpinene 1017.4 1014 0.722 0.3 0.4 0.5 0.7 0.6 0.8 0.7 0.9 0.6 0.6 0.5 0.5 0.4 0.5 0.4 0.3 

13 p-Cymene 1025.4 1020 0.736 0.8 0.2 0.5 1.2 1.4 0.9 1.4 1.3 1.5 1.3 1.5 1.4 1.1 1.9 1.4 1.3 

14 β-Phellandrene 1028.9 1025 0.745 4.7 4.9 5.1 4.7 4.6 5.5 5.4 6.0 5.0 5.1 5.2 5.0 5.4 5.1 5.0 6.5 

15 1,8-Cineole 1030.9 1026 0.751 15.9 16.2 15.8 18.0 16.2 15.6 15.5 15.7 16.3 15.5 15.8 15.1 12.7 15.4 14.5 6.4 

16 γ-Terpinene 1059.9 1050 0.799 1.0 1.3 1.1 1.0 0.9 1.1 1.0 1.3 0.8 0.8 0.7 0.9 1.1 0.7 0.9 1.0 

17 cis-Sabinene hydrate 1071.1 1065 0.816 0.7 0.9 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.6 0.2 0.5 0.6 

18 Terpinolene 1089.5 1086 0.855 0.6 0.8 0.8 0.8 0.7 0.9 0.8 0.9 0.6 0.7 0.6 0.6 0.6 0.5 0.6 0.6 

19 Linalool 1105.9 1095 0.870 0.9 1.1 1.2 0.9 1.1 0.9 1.0 0.8 0.9 1.0 1.0 0.7 0.9 0.8 0.9 1.4 

20 Chrysanthenone 1127.2 1124 0.924 0.1 0.2 0.3 0.3 0.5 0.2 0.4 0.2 0.4 0.3 0.4 0.3 0.3 0.3 0.5 0.9 

21 trans-Sabinol 1140.6 1137 0.953 0.2 0.3 0.3 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.1 0.2 0.3 0.1 0.3 0.4 

22 Camphor 1144.5 1141 0.964 18.2 19.4 25.2 27.7 28.1 24.0 25.9 24.0 26.5 27.0 26.6 23.4 23.3 24.7 26.0 27.9 

23 Borneol 1166.9 1165 1.000 4.4 4.8 5.1 6.8 7.4 5.1 6.4 5.8 6.0 5.8 6.3 6.4 6.3 7.1 7.9 9.5 

24 Terpinen-4-ol 1179.4 1174 1.018 1.1 1.0 1.2 1.4 1.3 1.1 1.3 1.2 1.3 1.3 1.4 1.5 1.3 1.4 1.4 1.3 

25 α-Terpineol 1193.9 1186 1.040 1.4 1.7 1.9 1.9 2.0 1.8 2.0 1.7 2.1 2.2 2.0 1.6 1.5 1.7 1.7 1.0 

26 Myrtenol 1199.9 1194 1.052 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.2 0.2 0.3 0.3 0.2 

27 Verbenone 1211.2 1204 1.077 2.0 3.6 4.5 4.1 4.2 5.2 4.5 3.2 4.4 4.9 4.1 4.1 2.8 4.1 2.6 1.3 

28 Bornyl acetate 1287.6 1287 1.204 6.9 7.9 3.1 0.4 0.6 0.6 0.5 0.2 0.3 0.2 0.2 2.4 4.9 0.6 2.0 2.2 

29 α-Ylangene 1372.7 1373 1.352 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 

30 trans-Caryophyllene 1420.4 1417 1.432 1.8 1.3 0.4 0.4 0.3 0.5 0.4 1.4 0.5 0.6 0.5 0.5 0.6 0.4 0.5 0.6 

31 α-Humulene 1454.8 1452 1.484 3.5 2.6 0.8 0.7 0.7 1.0 0.9 2.7 0.9 1.1 1.0 0.9 1.2 0.8 1.1 1.2 

32 Caryophyllene oxide 1583.8 1582 1.681 0.6 0.5 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.2 0.2 0.2 0.4 0.2 0.3 0.4 

33 Humulene epoxide II 1610.0 1608 1.717 0.3 0.3 0.2 0.2 0.3 0.2 0.3 0.0 0.3 0.4 0.3 0.2 0.3 0.2 0.3 0.5 

Monoterpene compounds 93.3 94.4 95.3 95.1 94.5 93.9 94.4 92.3 93.1 92.5 93.2 95.1 94.6 94.3 94.5 95.6 

     Monoterpene hydrocarbons 41.1 36.9 35.8 33.0 32.5 38.9 36.4 39.0 34.4 33.7 34.7 38.8 39.3 37.6 35.8 42.4 

     Oxygenated monoterpenes 52.1 57.4 59.5 62.0 62.0 55.0 58.0 53.3 58.7 58.8 58.5 56.3 55.2 56.7 58.7 53.2 

Sesquiterpene compounds 6.3 4.8 1.6 1.3 1.5 1.8 1.8 4.3 1.9 2.3 2.0 1.8 2.5 1.7 2.2 2.7 

     Sesquiterpene hydrocarbons 5.4 4.0 1.2 1.0 1.0 1.5 1.3 4.2 1.4 1.7 1.5 1.4 1.8 1.3 1.6 1.8 

     Oxygenated sesquiterpenes 0.9 0.8 0.4 0.3 0.5 0.3 0.5 0.1 0.5 0.6 0.5 0.4 0.7 0.4 0.6 0.9 

Other compounds 0.4 0.8 3.1 3.6 4.0 4.3 3.8 3.4 5.0 5.2 4.8 3.1 2.9 4.0 3.3 1.7 

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
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Figure 1: Cluster analysis of the chemical composition of essential oils of Rosmarinus 
officinalis. 
 
 

 
 

Figure 2: Dominant components of essential oils of basic clades of Rosmarinus 
officinalis. 
 
 

 
Figure 3: Seasonal changes in the concentration of the dominant components of 
essential oils of Rosmarinus officinalis 
 
Both chemotypes observed in the same individual have already been 
recorded by us in previous studies [1]. The camphor type is 
relatively frequent, while the 1,8-cineole/camphor chemotype is 
rare,  and has been found only in the oils of rosemary from the 
island of Zakynthos in Greece [1]. The fact that the same genotype 
during the growing seasons can synthesize oils that are so different 

that they can be classified as different chemotypes confirms the 
opinion of those authors who believe that the chemical composition 
of essential oils sometimes critically depends on the time of picking 
of the plant material. At the same time, our results suggest that, for 
the definition of a chemotype, it is not enough to make a chemical 
analysis of the oil from one phenophase only. To define a 
chemotype it is necessary to analyze the seasonal variations of 
composition of essential oil.  
 
Experimental 
 

Plant material: The seasonal composition of the essential oils of 
cultivated rosemary from Belgrade (Serbia) was investigated. 
Samples were collected each month from April 2008 to May 2009. 
The analyses were performed on shoots with young and 
incompletely developed leaves (‘young shoots’), shoots with 
developed leaves (‘old shoots’), as well as shoots with fruits 
(‘fruits’). To avoid the influence of genetic and environmental 
influences, all analyzes were made on the same genotype, a 15 years 
old individual, which is successfully grown in a private garden. 
 
Oil isolation: Oils were isolated from dried plant material using 
always the same distillation apparatus, and working under the same 
conditions. The essential oils were isolated by hydrodistillation for 
2 h, according to the standard procedure reported in the Sixth 
European Pharmacopoeia, using a Clevenger type apparatus. Oil 
samples were dissolved in ethanol and analyzed by GC/FID and 
GC/MS. Chemical analyses (GC/FID and GC/MS) used to identify 
and quantify essential oil constituents were accomplished using 
sharply defined and always the same analytical conditions. 
 
Analytical gas chromatography (GC/FID): GC/FID analysis of the 
oils was carried out on a HP-5890 Series II GC apparatus [Hewlett-
Packard, Waldbronn (Germany)], equipped with a split-splitless 
injector and an automatic liquid sampler (ALS), attached to a HP-5 
column (25 m  0.32 mm, 0.52 µm film thickness) and fitted to a 
flame ionization detector (FID). The carrier gas flow rate (H2) was 1 
mL/min, split ratio 1:30, injector temperature 250°C, detector 
temperature 300°C, while column temperature was linearly 
programmed from 40-260°C (at a rate of 4°C/min).  Solutions of 
essential oil samples in ethanol (~1%) were consecutively injected 
by ALS (1 µL, split mode). Area percent reports, obtained as a 
result of standard processing of chromatograms, were used as the 
basis for the quantification purposes.  
 
Gas chromatography/mass spectrometry (GC/MS): The same 
analytical conditions as those mentioned for GC/FID were 
employed for GC/MS analysis, along with a HP-5MS (30 m  0.25 
mm, 0.25 µm film thickness) column, using a HP G 1800C Series II 
GCD system [Hewlett-Packard, Palo Alto, CA (USA)]. Instead of 
hydrogen, helium was used as carrier gas. The transfer line was 
heated at 260°C. Mass spectra were acquired in EI mode (70 eV), in 
the range m/z 40-450. Sample solutions in ethanol (~1 %) were 
injected by ALS (200 nL, split mode).The components of the oil 
were identified by comparison of their mass spectra with those from 
Wiley 275 and NIST/NBS libraries, using different search engines. 
The experimental values for retention indices were determined by 
the use of calibrated Automated Mass Spectral Deconvolution and 
Identification System software (AMDIS ver.2.1.), and compared 
with those from available literature [25] and used as an additional 
tool to support the MS findings.  
 
Statistical analysis: Statistical analysis was performed in two steps: 
in the first, multivariate analysis was done in order to identify the 
structure of variability and to measure the distances between groups. 
These analyses were performed on complete data sets. The UPGMA 
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(unweighted pair-group average linkage) clustering method based 
on Pearson distances was used to measure the similarities between 
each measured unit. In the second step, the seasonal dynamics of 
individual components of the essential oils were examined. These 
analyses were performed on shoots with leaves  ‘young shoots’ 
and ‘old shoots’. 
 
Statistical analyses were performed with the package Statistica 5.1 
(STATSOFT 1996) and scatterplots with trendlines using the package 

Excel for Windows 97. The emergence of new young shoots in May 
is designated as the beginning of the season in which we analyzed 
the trends of changes in the composition of essential oils. 
 
Acknowledgements.  The authors are grateful to the Serbian 
Ministry of Science and Technological Development (Project No. 
173021 and 173030) for financial support. 

References 

[1]  Lakušić D, Ristić M, Slavkovska V, Šinžar-Sekulić J, Lakušić B. (2012) Environment-related variations of the composition of the essential oils of 
rosemary (Rosmarinus officinalis L.) in the Balkan Peninsula. Chemistry and Biodiversity, 9, 1286-1302. 

[2] Garbarino AJ, Troncoso N, Delpiano P, Carvajal L, Russo A. (2006) Antioxidant activity analysis for the selection of Rosmarinus officinalis L. 
Natural Product Communications, 1, 1123-1128. 

[3] Pintore G, Marchetti M, Chessa M, Sechi B, Scanu N, Mangano G, Tirillini B.  (2009) Rosmarinus officinalis L.: Chemical modifications of the 
essential oil and evaluation of  antioxidant and antimicrobial activity. Natural Product Communications, 4, 1685-1690. 

[4] Russo A, Lombardo L, Troncoso N, Garbarino J, Cardile V. (2009) Rosmarinus officinalis extract inhibits human melanoma cell growth. Natural 
Product Communications, 4, 1707-1710. 

[5] Zaouali Y, Messaoud C, Ben Salah A, Boussaid M. (2005) Oil composition variability among populations in relationship with their ecological areas 
in Tunisian Rosmarinus officinalis L. Flavour and Fragrance Journal, 20, 512 – 520. 

[6]  Zaouali Y, Bouzaine T, Boussaid M. (2010) Essential oils composition in two Rosmarinus officinalis L. varieties and incidence for antimicrobial 
and antioxidant activities. Food and Chemical Toxicology, 48, 3144 – 3152. 

[7] Celiktas OY, Kocabas EEH, Bedir E, Sukan FV, Ozek T, Baser KHC. (2007) Antimicrobial activities of methanol extracts and essential oils of 
Rosmarinus officinalis, depending on location and seasonal variations. Food Chemistry, 100, 553–559. 

[8]  Sotomayor AJ, Martinez C, Moñino IM, Lax V, Quilez M, Jordán JM. (2009) Effect of altitude on Rosmarinus officinalis L. essential oil in Murcia 
(Spain). ActaHorticulturae, 826, 309-316. 

[9] Ormeño E, Baldy V, Ballini C, Fernandez C. (2008) Production and diversity of volatile terpenes from plants on calcareous and siliceous soils: 
Effect of soil nutrients. Journal of  Chemical Ecology, 34, 1219-1229. 

[10]  Pitarević I, Kuftinec J, Blažević N, Kuštrak D. (1984) Seasonal variation of essential oil yield and composition of Dalmatian sage, Salvia 
officinalis. Journal of Natural Products, 47, 409-412. 

[11]   Putievsky E,  Ravid U, Dudan N. (1986) The influence of season and harvest frequency on essential oil and herbal yields from a pure clone of sage 
(Salvia officinalis) grown under cultivated conditions. Journal of Natural Products, 49, 326-329.  

[12]    Perry BN, Baxter JA, Brennan JN, Klink WJ, McGimpsey AJ, Douglas HM, Joulain D. (1996) Dalmatian sage. Petr 1. Differing oil yields and 
compositions from flowering and non-flowering accessions. Flavour and Fragrance Journal, 11, 231-238.   

[13]  Perry BN, Anderson ER, Brennan JN, Douglas HM, Heaney JA, McGimpsey AJ, Smallfied MB. (1999) Essential oils of Dalmatian sage (Salvia 
officinalis L.): Variations among individuals, plant parts, seasons, and sites. Journal of Agricultural and Food Chemistry, 47, 2048-2054.   

[14]  Santos-Gomes CP, Fernandes-Ferreira M. (2001) Organ- and season – dependent variation in the essential oil composition of Salvia officinalis L. 
cultivated at two different sites. Journal of Agricultural and Food Chemistry, 49, 2908-2916. 

[15]  Figueiredo AC, Barroso GJ, Pedro GL, Scheffer JJ. (2008) Factors affecting secondary metabolite production in plants: volatile components and 
essential oils. Flavour and  Fragrance Journal, 23, 213-226. 

[16]  Lakušić B,  Ristić M,  Slavkovska V,  Milenković M, Lakušić DN. (2011) Environmental and seasonal impacts on the chemical composition of 
Satureja horvatii Šilić (Lamiaceae) essential oil. Chemistry and  Biodiversity, 8, 483-493.  

[17]  Papageorgiou V, Gardeli C, Mallouchos A, Papaioannou M, Komaitis M. (2008) Variation of the chemical profile and antioxidant behavior of 
Rosmarinus officinalis L. and Salvia fruticosa Miller grown in Greece. Journal of Agricultural and  Food Chemistry, 56,7254–7264 

[18] Baydar H, Özkan G, Erbas S, Altindal D. (2009) Yield, chemical composition and antioxidant properties of extracts and essential oils of sage and 
rosemary depending on seasonal variations. Acta Horticulturae, 826, 383-389. 

[19] Varela F, Navarrete P, Cristobal R, Fanlo M, Melero R, Sotomayor AJ, Jordan JM, Cabot P, Sanchez de Ron D, Calvo R, Cases A. (2009) 
Varibility in the chemical composition of wild Rosmarinus officinalis L. Acta Horticulturae, 826, 167-174. 

[20] Napoli EM, Curcuruto G, Ruberto G. (2010) Screening of the essential oil composition of wild Sicilian rosemary. Biochemical Systematics and  
Ecology, 38, 659-670. 

[21]  Zaouali Y, Boussaid M. (2008) Isozyme markers and volatiles in Tunisian Rosmarinus officinalis L. (Lamiaceae): A comparative analysis of       
population structure. Biochemical Systematics and Ecology, 36, 11-21. 

[22] Mata AT, Proença C, Ferreira AR, Serralheiro MLM, Nogueira JMF, Araujo MEM. (2007) Antioxidant and antiacetylcholinesterase activities of 
five plants used as Portuguese food spices. Food Chemistry, 103, 778–786. 

[23] Angioni A, Barra A, Cereti E, Barile D, Coisson JD, Arlorio M, Dessi S, Coroneo V, Cabras P. (2004) Chemical composition, plant genetic 
differences, antimicrobial and antifungal activity investigation of the essential oil of Rosmarinus officinalis L. Journal of Agricultural and Food 
Chemistry, 52, 3530-3535. 

[24] Özcan MM, Chalchat JC. (2008) Chemical composition and antifungal activity of rosemary (Rosmarinus officinalis L.) oil from Turkey. 
International Journal of Food Sciences and Nutrition, 59, 691-698. 

[25] Adams PR. (2007)  Identification of essential oil components by gas chromatography / mass spectrometry, 4th Ed. Allured Publishing Corp., USA. 



Natural Product Communications Vol. 8 (1) 2013 
Published online (www.naturalproduct.us) 

 
 
Fusaodavinvin, a Novel Metabolite Containing Sulfur from the Endophytic Fungus Fusarium sp. (CTGU-ZL-34) 
Liang Zhang, Yanhui Liu, Zhangshuang Deng, Zhiyong Guo, Jianfeng Chen, Xuan Tu and Kun Zou     83 
 

Summation Solute Hydrogen Bonding Acidity Values for Hydroxyl Substituted Flavones Determined by NMR Spectroscopy 
William L. Whaley, Ekua M. Okoso-amaa, Cody L. Womack, Anna Vladimirova, Laura B. Rogers, Margaret J. Risher and  
Michael H. Abraham            85 
 

Phenolic Content and DPPH Radical Scavenging Activity of the Flowers and Leaves of Trifolium repens  
Agnieszka Kicel and Maria Wolbiś          99 
 

Kenganthranol F, a new Anthranol from Psorospermum aurantiacum 
Gesquiere M. Tiani, Ishtiaq Ahmed, Karsten Krohn, Ivan R. Green and Augustin E. Nkengfack     103 
 

Inhibition of In Vitro Leukotriene B4 Biosynthesis in Human Neutrophil Granulocytes and Docking Studies of Natural Quinones 
Premysl Landa, Zsofia Kutil, Veronika Temml, Jan Malik, Ladislav Kokoska, Ute Widowitz, Marie Pribylova, Marcela Dvorakova,  
Petr Marsik, Daniela Schuster, Rudolf Bauer and Tomas Vanek        105 
 

Effect of Hypogymnia physodes Extracts and their Depsidones on Micronucleus Distribution in Human Lymphocytes  
Igor Ž. Stojanović, Miroslava Stanković, Olga Jovanović, Goran Petrović, Andrija Šmelcerović and Gordana S. Stojanović   109 
 

A New Lyoniresinol Derivative from Smilax microphylla 
Li-Sha Liu, Hui-Lian Huang, Rong-Hua Liu, Gang Ren, Feng Shao, Yao-Hui Ye and Tao Lin     113 
 

Anti-metastatic Activities of Bibenzyls from Dendrobium pulchellum 
Pithi Chanvorachote, Akkarawut Kowitdamrong, Thidarat Ruanghirun, Boonchoo Sritularak, Chutichot Mungmee and  
Kittisak Likhitwitayawuid           115 
 

Synthesis of 3,5,3′,4′-Tetrahydroxy-trans-stilbene-4′-O--D-glucopyranoside by Glucosyltransferases from Phytolacca americana  
Tomoya Iwakiri, Hiroya Imai, Hiroki Hamada, Toru Nakayama and Shin-ichi Ozaki      119 
 

Challenges of Curcumin Bioavailability: Novel Aerosol Remedies 
Parasuraman Aiya Subramani and Venkata R. Narala         121 
 

Molecular Analysis of Vitex Species Using Candidate DNA Barcoding and PCR-RFLP of the matK Gene for Authentication of  
Vitex glabrata 
Waranyoo Phoolcharoen and Suchada Sukrong         125 
 

Volatiles from Syzygium paniculatum Fruit 
Clara E. Quijano-Célis, Daniel Echeverri-Gil, Yinet Ruiz and Jorge A. Pino       129 
 

Seasonal Variations in the Composition of the Essential Oils of Rosemary (Rosmarinus officinalis, Lamiaceae) 
Dmitar Lakušić, Mihailo Ristić, Violeta Slavkovska and Branislava Lakušić       131 
 

Chemical Compositions and Antimicrobial and Antioxidant Activities of the Essential Oils from Magnolia grandiflora,  
Chrysactinia mexicana, and Schinus molle Found in Northeast Mexico  
Laura Guerra-Boone, Rocío Álvarez-Román, Ricardo Salazar-Aranda, Anabel Torres-Cirio, Verónica Mayela Rivas-Galindo,  
Noemí Waksman de Torres, Gloria María González González and Luis Alejandro Pérez-López     135 
 

Chemical Composition and Biological Activities of the Essential Oil from Calamintha nepeta Plants from the Wild in  
Southern Italy 
Emilia Mancini, Laura De Martino, Hanna Malova and Vincenzo De Feo       139 
 

Composition and in-vitro Cytotoxic Activities of the Leaf Essential Oil of Beilschmiedia erythrophloia from Taiwan 
Yu-Chang Su and Chen-Lung Ho           143 



Natural Product Communications 
2013 

Volume 8, Number 1 
 

Contents 
 

Argan Tree Metabolites and Argan Oil 
(Guest Editor: Dom Guillaume) 

 
Original Paper            Page 

 
The Social and Environmental Context of Argan Oil Production 
Yann le Polain de Waroux           1 
 

Climatic Conditions and Herbivory Effects on Morphological Plasticity of Argania spinosa 
Fatima Ain-Lhout, María Zunzunegui, Mari Cruz Díaz Barradas, Juan Jáuregui, Tarik Tagma and Said Boutaleb    5 

 

Some Secrets of Argania spinosa Water Economy in a Semiarid Climate 
Mari Cruz Díaz Barradas, María Zunzunegui, Mari Paz Esquivias, Said Boutaleb, Javier Valera-Burgos, Tarek Tagma and  
Fátima Ain-Lhout            11 
 

Germination Success and Seedling Development of Argania spinosa under Different Climatic Conditions and Browsing Intensity 
María Zunzunegui, Juan Jáuregui, Fatima Ain-Lhout, Said Boutaled, Leonor Álvarez-Cansino and MariPaz Esquivias   15 

 

Modeling of the Distribution of Heavy Metals and Trace Elements in Argan Forest Soil and Parts of Argan Tree 
Faez A. E. Mohammed, Rahma Bchitou, Mohamed Boulmane, Ahmed Bouhaouss and Dominique Guillaume    21 
 

Can Fruit-form be a Marker for Argan Oil Production? 
Saïd Gharby, Hicham Harhar, Badr Eddine Kartah, Hanae El Monfalouti, Clément Denhez, Miloudi Hilali, Dom Guillaume and  
Zoubida Charrouf            25 
 

Chemical Changes in Extra Virgin Argan Oil after Thermal Treatment 
Saïd Gharby, Hicham Harhar, Badr Eddine Kartah, Dom Guillaume and Zoubida Charrouf     29 
 

Volatile Compound Formation During Argan Kernel Roasting 
Hanae El Monfalouti, Zoubida Charrouf, Manuela Giordano, Dominique Guillaume, Badreddine Kartah, Hicham Harhar, Saïd Gharby,  
Clément Denhez and Giuseppe Zeppa          33 
 

Quality Parameters for Cold Pressed Edible Argan Oils 
Bertrand Matthäus            37 
 

Triterpenoids from Argania spinosa: 20 Years of Research 
Imane Chafchaouni-Moussaoui, Zoubida Charrouf and Dom Guillaume       43 
 

Argan Oil-contained Antioxidants for Human Mitochondria 
Luis C. López, Carmen Cabrera-Vique, Carmen Venegas, Laura García-Corzo, Marta Luna-Sánchez, Darío Acuña-Castroviejo and  
Germaine Escames            47 
 

Effect of Argan and Olive Oil Consumption on the Hormonal Profile of Androgens Among Healthy Adult Moroccan Men 
Abdelfettah Derouiche, Ali Jafri, Issam Driouch, Mohammed El Khasmi, Ahmed Adlouni, Nada Benajiba, Youssef Bamou,  
Rachid Saile and Mohammed Benouhoud          51 
 

Argan Oil and Postmenopausal Moroccan Women: Impact on the Vitamin E Profile 
Hanae El Monfalouti, Zoubida Charrouf, Asma El Hamdouchi, Hanane Labraimi, Imane Chafchaouni-Moussaoui, Badreddine Kartah,  
Khalid El Kari, Yahya Bensouda, Abdelfettah Derouich, Sylvie Dodin, Clément Denhez, Dom Guillaume and Hassan Agnaou  55 
 

-------------------- 
 
Microbial Transformations of Isophorone by Alternaria alternata and Neurospora crassa 
Ismail Kiran, Özge Özşen, Turgay Çelik, Semra İlhan, Bükay Yenice Gürsu and Fatih Demirci     59 
 

Headspace, Solid-phase Micro-extraction, Gas Chromatographic-Mass Spectrometric Analysis of Terpenoids in the Latex of  
Euphorbia Species 
Asmita V. Patel, Stephen Sumner, H. Leslie Thompson, Gerald Blunden, David Wright, Liu Jun-feng and Zan Jun-feng   63 
 

Trichodermaerin, a New Diterpenoid Lactone from the Marine Fungus Trichoderma erinaceum Associated with the Sea Star  
Acanthaster planci 
Zhong-Liang Xie, Hou-Jin Li, Lai-You Wang, Wan-Ling Liang, Wei Liu and Wen-Jian Lan     67 
 

Chemical Composition and Biological Activities of Soldiers of the Brazilian Termite Species, Nasutitermes macrocephalus  
(Isoptera: Natutitermitinae) 
Márcia N. S. de la Cruz, Helvécio M. S. Júnior, Denilson F. Oliveira, Letícia V. Costa-Lotufo, Antonio G. Ferreira,  
Daniela S. Alviano and Claudia M. Rezende          69 
 

Evaluation of the Quality of Chinese and Vietnamese Cassia Using LC-MS and Multivariate Analysis 
Ken Tanaka, Feng Li, Yasuhiro Tezuka, Shiro Watanabe, Nobuo Kawahara and Hiroaki Kida     75 
 

Norcucurbitane Triterpenoids from the Fruits of Momordica charantia var. abbreviata 
Yun-Wen Liao, Chiy-Rong Chen, Jue-Liang Hsu, Yun-Sheng Lin, Hsueh-Ling Cheng, Wen-Ling Shih, Yueh-Hsiung Kuo and  
Chi-I Chang            79 

 
 
  
 
 
 
 

Continued inside backcover 


