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ABSTRACT I 

The volatile constituents of the fresh flowers of Oenothera speciosa Nutt. 
(Onagraceae) cultivated in Egypt, obtained by two methods (hydro-distilled and absolute 
volatiles) were comparatively investigated as regards composition and antimicrobial 
activities. The hydro-distilled floral volatiles (HV) and floral absolute volatiles ( FA V) 
were identified and quantitated by GC/MS analysis. Fifty two and thirty seven 
components were identified under the experimental conditions, accounting for 97.85% 
and 83.53% of their total chemical composition, respectively. Aliphatic hydrocarbons 
were found predominant in HV (amounting to 76. 54 %), the major being tricosane, 
pentacosane and eicosane (29.36%, 23.17% and 21.97%, respectively). A,feanwhile, }AV 
showed a higher percentage of oxygenated compounds than HV reaching up to 69.83% 
and 19.8%, respectively and being dominated by esters (43.33% and 10.28%. 
represented by 6 and 10 components), .among which 9, 12, 15 octadecatrienoic acid. 
methyl ester was the major (41.53% and 7.68%, respectively). On the other hand. the 
unsaponifiable matter (USM) and fatty acids methyl esters (FAME) of the hexane 
concrete were identified and estimated by GCIMS analysis. Hydrocarbons dominated the 
identified constituents in the USM, reaching 77.41% with pentacosane (55.89%) as the 
major and followed by eicosane (] 7.29%). The unsaturated fatty acids reached up tu 
.:/8.06% and were dominated by 9,12,15 Octadecatrienoic acid (o.-linolenic acid, w-3, 
45.41%), while the saturated ones constituted about 44.12%, being mainly composed <�f 
hexadecanoic acid ( 30.41%). The antimicrobial screening revealed that FAV exhibited 
broad spectrum activity,· meanwhile, HV showed a weak effect on Escherichia coli, 
Bacillus subtilis and. a moderate action against Mycobacterium phlei a_nd the tested 
fungal strains. The minimum inhibitory concentrations (MJCj for HV 11,ere also 
determined. However, the hexane concrete exerted a weak activity against Bacillus 
subtilis, powerful activity against Mycobacterium phlei comparable to that of (!floxa<.:in 
and a marked antifungal effect. Moreover, the hexane concrete of the fl01,11ers showed 
significant anti-inflammatory, analgesic and anti-hypercholesterolemic actions, as well 
as, moderate antipyretic and anti-ulcer effects. · ' 
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INTRODUCTION 

Oenothera speciosa Nutt. (Hartmannia speciosa Small, Onagraceae) (Bailey, 1953 
and Bailey, 1958) is native to Southern United States and Mexico. The plant is a 
herbaceous perennial that blooms from March to July, carrying nearly white to dark pink 
flowers. 

The chemical composition and bioactivities of certain Oenothera species have been 
recently reviewed (Shukla and Khanuja, 2004). The chemical structures of the isolated 
tannins, lipids, flavonoids, phenolics, steroids and triterpenoids were reported and the 
results of biological evaluation displayed including antimicrobial, antioxidant, anticancer, 
antiatherosclerotic, antithrombic, antidiabetic, antihypercholesterolemic and anti
inflammatory effects. 

The reputed species Oenothera biennis has attracted much attention as regards the 
composition of its seed fixed oil (Evening Primrose Oil), which is rich in linoleic and 
gamma-linolenic acids. Several clinical trials suggested that the oil has a beneficial effect 
in inflammatory disorders (Knorr and Hamburger, 2004), as well as, rheumatoid a11hritis 
(Belch and Hill, 2000; and Mohamad, 2001). The oil is widely marketed as dietary 
supplement, for cosmetic purposes, atopic eczema, dry skin, premenstrual disturbances, 
cardiovascular diseases, sedative, breast pain, hyperactivity in children and autoimmune 
disorders (Heinrich et al., 2004 and Bown, 1995). Moreover, the pharmacokinetics, 
pharmacological effects and therapeutic uses of the oil as a cure-all medicine have been 
discussed (Okda et al., 2005). Furthermore, the lipoidal and triterpenoidal constituents of 
some Oenothera species have been studied (Shukla et al., 1999; Wahba, 2002; Binghw1 
and Jianqiu, 2003; and Knorr and Hamburger, 2004). 

On the other hand, little information could be traced concerning Oenothera speciosa 
Nutt. except for few reports on its phenolic content (Howard et al., 1972; and Zinsmeister 
and Bartl, 1971 ). In a previous publication, the author described the macro- and micro
morphological characters of the root, stem and leaf and tested their biological efficacy 
(Eid and Sleem, 2007)). Furthermore, nothing could be traced concerning the 
composition of the floral volatiles and lipoidal matter, as well as, the biological activity 
of the flowers. 

Therefore, it deemed of interest to carry out the present investigation on the 
composition of the floral volatiles and lipoidal matter in addition to an evaluation of their 
bioactivities. This was performed in an attempt to allow incorporation of the flowers and 
products there-from in herbal formulations. 

EXPERIMENTAL I 
Plant Material 

The flowers of Oenothera speciosa Nutt. were obtained from plants cultivated in the 
Experimental Station of Medicinal Plants, Pharmacognosy Department, Faculty of 
Pharmacy, Cairo University, Giza, Egypt, during the flowering stage from March to July 
(2004-2005). The plant was kindly authenticated by Mrs. Therese Labib, Herbarium 
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Section, Orman Garden, Giza, Egypt. Identity was confirmed by Dr. Mohamed El Gebali 
(Plant Taxonomy and Egyptian Flora Department, National Research Center, Dokki, 
Giza, Egypt). 

For phytochemical examination, fresh samples of flowers were used. Voucher 
specimens are kept at the Museum of the Pharmacognosy Department, Faculty of 
Phaimacy, Cairo University. 

Hexane concrete (HC): 

The fresh flowers of Oenothera speciosa Nutt. (1 kg.) were extracted by cold 
percolation with hexane till exhaustion .The solvent was completely distilled under 
reduced pressure at a temperature not exceeding 40°C to yield a semisolid product 
(hexane concrete). The obtained residue was divided into two portions: one of which was 
used for the preparation of floral absolute volatiles and the other for the preparation of 
saponifiable and unsaponifiable matters. 

A-Floral Absolute Volatiles (FA V):

Five grams of the semisolid hexane concrete were chilled and repeatedly extracted 
with aliquots of absolute alcohol. The alcohol soluble fractions were then repeatedly 
cooled and decanted until no further turbidity was observed. The combined extracts were 
then evaporated under reduced pressure and at a temperature not exceeding 40°C. The 
residue representing the floral absolute volatiles was subjected to GC/MS analysis and 
antimicrobial testing. 

B-Preparation of unsaponifiable matter (USM):

Five grams of the hexane concrete of the flowers were subjected to saponification by 
refluxing with 10% alcoholic potassium hydroxide (Egyptian Pharmacopoeia, 2005). 
The unsaponifiable matter (USM) was e�tracted with ether. The solvent ev,aporated and 
the residue kept for further investigation by GC/MS analysis. 

C-Preparation of Fatty Acids Methyl Esters (FAME):

The aqueous layer left after extraction of the USM was acidified with hydrochloric 
acid. The liberated fatty acids were extracted with ether and subjected to methylation 
(Finar, 2004). The fatty acid methyl esters were kept for GC/MS analysis. 

Hydro-distilled Floral Volatiles (HV): 

The hydro-distillated volatiles were obtained from fresh flowers of Oenothera 
speciosa Nutt. (2 Kg), adopting the procedure described in Egyptian pharmacopoeia 
(2005), dried over anhydrous sodium sulfate and stored at 20°C in a dark bottle prior to 
analysis. The percentage yield and physical characters viz.; specific gravity and refractive 
index (using an Abbe Refractometer Lecia Mark n, RL.19, E- 10846 - 5 mode) were then 
dete1mined. 

Material for Antimicrobial Screening: 

The hydro-distilled volatiles, floral absolute volatiles as well as, the hexane concrete 
were dissolved in DMSO at a dilution of 1/5 v/v for the floral volatiles and at 
concentrations of 200 mg/ml for the concrete (so that each 50µ1 contained I 0µl of the 
pure volatiles or 10mg of the concrete). 
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The following microorganisms viz., Escherichia coli, Pseudomonas aeruginosa, 
Proteus vulgaris, Staphylococcus aureus, Sarcina lutea, Bacillus subtilis, Mycobacterium 
phlei, Candida albicans and Candida tropica/is were supplied by the Microbiology 
Department, Faculty of Pharmacy, Cairo University, Cairo, Egypt. Trypticase soy agar 
(Oxoid, England) was used as nutrient medium and Ofloxacin (OFX) and Amphotericin 
B (AMP.B), as standard antimicrobials (positive controls). 

Material for Pharmacological Screening: 

Mice (25-30 g) and adult male albino rats (Sprague Dawley strain, 130-150g) were 
used. Animals were obtained from the animal house, of the National Research Center, 
Dokki, Giza, Egypt. The animals were kept in metabolic cages. They were fed on 
standard laboratory diet composed of vitamin mixture (1%), mineral mixture (4%), com 
oil (10%), sucrose (20%), cellulose (0.2%), casein (10.5%) and starch (54.3%). The high 
fat diet (Ney et al., 1988) was supplemented with cholic acid (0.2%), cholesterol (1 %) 
and fat (10%). 

Indomethacin (EIPICO, Egyptian International Pharmaceutical Industries Co., 
Egypt); Carrageenan (Sigma Co., Cairo, Egypt); Dipyrone (Novalgin®; Hoechst Orient, 
Egypt); Paracetamol (Panadol®, Schering, Germany); Simvastatin (Zocor®, MSD, Merck 
Sharp and Dohme Limited, UK) were used as reference drugs and Biomerieux kits, for 
the biochemical assessment of cholesterol, triglycerides, as well as, high and low density 
lipoprotein levels. 

GC/MS Analysis: 

The analysis was performed, using a Schimadzu GC/MSQP5050A gas 
chromatograph using class 5000 software. The instrument was equipped with capillary 
column (DBI, 30 m; 0.35 mm ID; 1.5 µm film, J&W Scientific)). Helium was used as a 
carrier gas. The mass ionization voltage was 70 eV. The mass ioni.zation mode was EL 
Oven temperature was programmed for floral volatiles (HV and FAV) from 40°C (0.5 
min) -150°C (1 min) at 7.5 °C /min-250°C (2 min) at 1.2 °C /min; meanwhile for the 
unsaponifiable matter (USM) and fatty acids methyl esters (FAME), it was programmed 
from 40°C (0.5 min) tol50°C (1 min) at 7.5 °C /min, 250°C (2 min) at 1.5 °C /min and 
280°C (3 min) at 2.5 °C /min. The injector port temperature was 250 and that of the 
detector was 280 °C. 

Identification of the components was achieved by library search database, Wiley 
Mass Spectral Database (Wiley 229 Lib.) and by comparing their retention times, 
retention indices and mass fragmentation patterns with those of the available references, 
as well as, published data (Eight Peak, 1974; Golovnya et al., 1976; Adams, 1995; Lopes 
et al., 1999; Skaltsa et al., 2003; Adams, 2001 and Hanus et al., 2006). The percentage 
composition was determined by computerized peak area measurements. Results of 
GC/MS analysis of the floral volatiles are compiled in Tables (1&2) and those of the 
unsaponifiable matter (USM) and fatty acid methyl esters (FAME) are listed in Tables (3 
&�. 

Screening for Antimicrobial Activity: 

HV, FAV and HC were subjected to antimicrobial screening applying the disc agar 
diffusion method (Collins, 1964; and Lorian, 1980). Aliquots (50µ1) of DMSO, solutions 
of HV, FA V and HC ( equivalent to 10µ1 of the volatiles and 10mg of the concrete) were 
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separately tested. A disc impregnated with 50µ1 of DMSO was used as a negative control. 
Discs of Ofloxacin (OFX) and Amphotericin B (AMP.B), 5µg g/disc each were used as 
positive controls. The inhibition zones were measured and recorded in Table (5) and 
illustrated in Fig. (1). 

Minimum inhibitory concentration (MIC): 

MIC was determined using several dilutions of HV in DMSO (v/v). Fifty µI of t'!ach 
dilution were transferred onto sterile discs of Whatmann filter paper (5 nun diameter). 
The discs were placed onto TSA plates inoculated with suspension of 10 5 /ml colonies
forming units (CFU) of microbial cultures and incubated at 30°C for 24-48 hrs. After 
incubation, the lowest concentration producing inhibition was recorded as the minimum 
inhibitory concentration (MIC). Results are presented in Table (5). 

Toxicological and Pharmacological evaluation: 

The following toxicological and pharmacological studies were performed on the 
hexane concrete of the flowers of Oenothera speciosa Nutt. The median lethal dose 
(LD50) was estimated according to Karber's procedure ( 1941 ). 

Its pharmacological potentialities were then evaluated according to published 
procedures including anti-inflammatory (Winter et al., 1962), anti-ulcer (Corell et al., 
1979), antipyretic (Bush and Alexander, 1960), and analgesic (Charlier et al., 1961) 
activities. The levels of serum cholesterol (Allain et al., 1974), triglycerides (Bucolo and 
David, 1973), high and low-density lipoproteins (HDL-c and LDL-c levels) (Stein, 1986) 
were used as criteria for evaluation of the hypolipidemic effect. The effects produced 
were, in each case, compared with those of appropriate reference drugs. Results obtained 
for the biological activities are compiled in Tables ( 6-11) and illustrated in Fig. (2-7). 

Experimental data were, in each case, statistically analyzed using student's "t" test 
according to Snedecor and Chochran (1971 ). 

RESULTS AND DISCUSSION I 

GCIMS Analysis of the Floral Volatiles: 

The hydro-distilled volatiles (HV) of the fresh flowers of Oenothera speciosa Nutt. 
were obtained in a yield of 0.07% v/w (calculated on fresh weight basis), as an oily 
cloudy liquid. The specific gravity and refractive index were 0.9178 and l.528 1, 
respectively (at 20°C). On the other hand, the absolute alcohol extractable fraction of the 
concrete (floral absolute volatiles, FA V) was obtained as a greenish-yellow oily residue 
(yield, 0.26% w/w based on fresh weight basis). The volatiles prepared by the two 
methods possessed an aromatic odour. 

Results of qualitative and quantitative analyses of the HV and FA V as performed by 
GC/MS are displayed in Table (1) and summarized in Table (2). A total of 52 and 37 
components were identified under the adopted experimental conditions representing 
97.85% and 83.53%, respectively of the total composition and among these, 20 
components were common. 
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Table (2) showed that hydrocarbons dominated the identified constituents in HV 
reaching 78.05% (20 in number)) while FAV showed a much lesser amount (13.70%, 6 
components). The variability in hydrocarbon pattern was obvious. The series of aliphatic 
hydrocarbons detected in HV were comparatively fewer in FA V which may be attributed 
to their insolubility in absolute alcohol. 

Among hydrocarbons, the dominating components in HV were aliphatic in nature 
reaching up to 76.54%, with major tricosane (29.36%) followed by pentacosane (23.17%) 
and eicosane (21.97%), meanwhile the identified terpenoids were present in much lesser 
amount (1.51 %) and were mainly sesquiterpenoids. 

On the other hand, FA V were found to be more rich in oxygenated compounds 
(69.83%, 31 components); whereas in HV, these amounted only to 19.8% (32 
components). Esters were predominant in both cases (43.33% and 10.28%, represented 
by 6 and 10 components, respectively), among which 9, 12, 15 octadecatrienoic acid, 
methyl ester was the major (41.53% and 7.68%, respectively). 

Thirty two components were detected in HV only; represented by seven aliphatic 
hydrocarbons (octene<l->, octene<2->, undecane<n->, pentadecane<n->, octadecane<n
>, tetracosane<n-> and tridecyne<l->); a monoterpene hydrocarbon (menthatriene<l,3,8-
Para- >); seven sesquiterpene hydrocarbons ( ylangene<alpha->, cedrene <alpha->, 
caryophyllene< beta->, famesene <(Z)-beta->, famesene <(E)-beta->, famesene <(E,E)
alpha->, patchoulene<beta-> ); three monoterpene alcohols ( limonene-10-ol, linalool, �
Citronellol); a sesquiterpene alcohol (copaen-4-alpha-ol <beta->); two monoterpene 
esters ( citronellyl acetate <beta-> and myrtanol acetate <alpha->); one oxide (linalool 
oxide <trans->); four ketones (decanone<3->, decanone<2->, tridecanone <2-> and 2-
pentadecanone,6,10,14-trimethyl-); two alcohols (3-pentene, 2-ol ; 1-octanol,2-butyl) and 
finally four esters (formic acid, phenylmethyl ester; benzoic acid, .propyl ester; benzoic 
acid, amyl ester and benzoic acid, benzyl ester). 

Furthermore, 17 oxygenated components were identified in FA V only; represented 
by three alcohols (octanol <1->, phenyl ethyl alcohol and docosanol); two ketones (pent
len-3.a.one-4-methyl-and 4-heptanone, 2-methyl-); two aldehydes (octanal<n-> and 
decadienal <2e, 4z>); two esters (para-anisic acid, methyl ester and octanoic acid, ethyl 
ester); one phenol (o-hydroxyanisole); six acids (hexanoic acid, geranic acid, 2- decenoic 
acid, dodecanoic acid, tetradecanoic acid and dodecanoic acid,3-hydroxy-), as well as, a 
cyclic hydrocarbon ( cyclopentane, methyl-) 

The process of preparation of the volatiles could thus be considered as a major factor 
that determines the final composition. The variation observed between the GC/MS 
profiles of the two investigated samples may be due to the effect of heat on the 
constituents during hydro-distillation and to the selectivity of the solvents used for 
extraction (n-hexane and absolute ethanol). 

GC/MS Analysis of the unsaponifiable matter (USM) and fatty acid methyl esters 

(FAME): 

The n-hexane extract of the fresh flowers yielded on concentration a yellowish
green, semi-solid fatty residue (hexane concrete, 1.75% w/w, calculated on fresh weight 
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basis), with aromatic odour. Saponification of the hexane concrete afforded 90.2% of 
saponifiable matter and 9.8% ofunsaponifiable matter. 

GC/MS analysis of the unsaponifiable matters (USM) revealed the presence of a 
mixture of hydrocarbons, fatty alcohols, ketones and aldehydes and allowed the 
identification of 21 components; amounting to 95.58% of the total composition (Table, 
3). The identified hydrocarbons were predominant (77.41 %) with pentacosane<n-> 
(55.89%) as major, followed by eicosane<n-> (17.29%). Carbonyl compounds were 
detected in moderate amounts (9.12%), mainly represented by ketones (8.34%) and with 
tridecanone <2-> as major (4.63%). In addition, fatty alcohols amounted to 8.8% being 
dominated by octadecanol (2.34%). 

GC/MS analysis of the fatty acid methyl esters (FAME) revealed the presence of at 
least 15 components representing 93.84% of the total composition (Table, 4). The 
unsaturated fatty acids showed a high percentage (48.06%), dominated by 
9,12,15,octadecatrienoic acid (alpha-linolenic acid, co-3) which amounted to 45.41% of 
the total identified components. Likewise, the saturated ones constituted about (44.12 %) 
with hexadecanoic acid as major (30.41 %), while hydroxyl-fatty acids were minor 
(1.66%). 

Biological Study: 

The floral absolute volatiles of the flowers of Oenothera speciosa Nutt. exhibited 
broad spectrum antimicrobial activity against the selected strains, meanwhile, the hydro
distilled volatiles showed a weak effect on Escherichia coli, Bacillus subtilis and a 
moderate action against Mycobacterium phlei and the tested fungal strains (Table 5 and 
Fig. 1). On the other hand, the hexane concrete exerted a powerful activity against 
Mycobacterium phlei comparable to that .of Ofloxacin, weak activity ag�inst Bacillus
subtilis and marked antifungal effect against Candida albicans and Candida
tropicalis. 

The stronger antimicrobial effect of the absolute floral volatiles could be ascribed to 
the oxygenated compounds; the levels of activity, being related to the presence of 
functional groups and hydrogen-bonding parameters; meanwhile the hydrocarbon 
derivatives possess lower effects as their low water solubility limits their diffusion 
through the medium (Knobloch et al., 1987 and Griffin et al., 2000). 

The MIC for the hydro-distilled volatiles was carried out for each microorganism 
and ranged from 5 µI/ml for Escherichia coli and Mycobacterium phlei to 10 and 25 
µ1/ml for Bacillus subtilis and the tested fungal strains (Candida albicans and Candida
tropicalis ), respectively (Table 5). 

The hexane concrete of the flower were found to be non toxic at the tested doses as 
no mortality was observed when given to mice orally in doses up to 8.9 g/kg b. wt. wt. 

The hexane concrete of the flower showed a potent anti-inflammat,ory effect (91 % 
that of the reference drug (Indomethacin) (Table 6 and Fig. 2). This effect may be 
attributed to the presence of 9, 12, 15-octadecatrienoic acid ( a-linolenic acid, co-3 PUF As) 
(Zhao et al,. 2007) by reducing the production of inflammatory cytokines, or may be due 
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to the presence of essential polyunsaturated fatty acids, especially m-3 PUF As which are 
known to have anti-inflammatory effect (Ferrucci et al., 2006) by lowering the levels of 
proinflammatory markers and increasing the anti-inflammatory markers levels. 

The hexane concrete exhibited an anti-ulcer activity; represented by a moderate 
decrease in the number of gastric ulcers induced by Indomethacin with 61.4% protection 
as illustrated in (Table, 7 and Fig., 3). 

The antipyretic and analgesic activities of the hexane concrete of the flowers were 
time dependant. Results obtained on evaluating the antipyretic activity (Table 8 and Fig. 
4), showed that the tested hexane concrete of the flowers produced a slight to moderate 
decrease in temperature with potencies of 20% and 53% after one and two hours, 
respectively by comparison to Paracetamol. 

The observed analgesic effect of hexane concrete of the flowers (Table 9 and Fig. 5) 
appeared moderate after one hour (52% potency) and significant after 2 hours (85% 
potency) compared to Novalgin. 

As regards the anti-:hypercholesterolemic action (Table 10&11 and Fig. 6&7), the 
observed data revealed that fat feeding had raised serum cholesterol, triglycerides and 
LDL-c, meanwhile almost did not alter the HDL-c level. The hexane concrete 
significantly decreased serum cholesterol level by 32.6% (93% potency) and 52.2 % 
(78% potency), as well as, triglycerides by 26.1% (70% potency) and 47.8% (83% 
potency), while a moderate increase was observed (2.5%, 8.4 % and 2.0%, 8.9% for the 
control hypercholesterolemic group after 4 and 8 weeks, respectively. In addition, the 
concrete lowered remarkably the LDL-c level by 52.4% (99% potency) and 71.7% (95% 
potency), meanwhile it raised the HDL-c level to 57.7 % (80% potency) and 87.6% (93% 
potency) comparable to Simvastatin after treatment for 4 and 8 weeks, respectively The 
risk factor (LDL-c/HDL-c) ratio was significantly reduced in the groups treated with the 
concrete and Simvastatin drug (1.1 & 0.7, respectively), meanwhile· a marked increase 
(7.4) was observed in the control group at the end of the experiment. 

Reduction of the risk factor may be attributed to the presence of 9, 12_, 15-
Octadecatrienoic acid (a-linolenic acid, m-3 PUFA), which has been reported to elicit 
cadioprotective effects by decreasing lipid and lipoprotein levels and inhibiting vascular 
inflammation in hypercholesterolemic men and women (Zhao et al., 2004). 

From the previous findings, it is obvious that the concrete of the flowers of 
Oenothera speciosa Nutt. exerts significant anti-inflammatory, analgesic and anti
hypercholesterolemic activities with negligible side effects. Therefore, it could be 
proposed as a safe dietary supplement rich in a-linolenic acid; the latter being reported to 
attenuate changes associated with cardiomyopathy (Hu et al., 1999), and to reduce the 
risk of sudden cardiac death and to probably have anti-arrhythmic properties (Albe1i et 
al., 2005). 

To the best of our knowledge, this is the first report on the chemical composition of 
the floral volatiles and hexane concrete of the flowers of Oenothera speciosa Nutt. 
Moreover, the evaluated biological activities of the concrete suggest its incorporation in 
herbal formulations for the treatment of inflammatory disorders, rheumatoid arthritis, 
hypercholesterolemia and mycobacterial infection. However, further laboratory 
investigation, preclinical and clinical trials are necessary. 
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Table (1): Identified Components of the Hydro-distilled Volatiles (HV) and Floral 
Absolute Volatiles (FA V) of the Flowers of Oenotltera speciosa Nutt. 

Peak Mol. Relative% 

No. 
Rt. M.W. Components 

formula HV FAV 

1 1.71 84 Cydopentane, methyl- C6H12 - 0.90 

2 2.24 100 Heptane <n-> C1 H16 0.08 0.82 

3 2.31 86 3-Pentene, 2-ol Cs H10 0 1.01 -

4 2.45 98 Pent-len-3-one-4-methyl- C6 H10 0 - 1.13 

5 3.09 112 Octene <1-> Cs H16 0.05 -

6 3.19 114 Octane <n-> Cs His 0.32 0.97 

7 3.31 112 Octene <2-> Cs H16 0.03 -

8 5.46 128 4-Heptanone, 2-methyl- Cs H 160 - 0.06 

9 6.05 116 Valerie aicd, 3-methyl C6H12 02 0.08 0.05 

10 7.24 128 Octanone<3-> Cs H16O 0.11 0.29 

11 7.82 128 Octanal<n-> CsH16 0 - 0.01 

12 7.45 144 Butanoic acid, butyl ester CsH16 02 0.29 0.03 

13 7.70 116 Hexanoic acid C6 H12 02 - 1.19 

14 10.10 130 Octanol <1-> Cs His 0 - 0.08 

15 10.29 170 
Linalool oxide<trans-

C10H1sO2 0.17 
>(furanoid) 

-

16 10.43 136 
Formic acid, phenylmethyl 

Cs Hs 02 0.07 -

ester 

17 10.98 124 O-Hydroxyanisole C1 Hs 02 - 0.09 

18 11.32 154 Linalool C10 His 0 0.86 -

19 11.48 142 Undecane <n-> C11 H24 0.21 -

20 11.75 122 Phenyl ethyl alcohol Cs H10 0 - 0.37 

21 11.89 134 Menthatriene <1,3,8-para- > C10H14 0.09 -

22 15.16 156 Decanone<3-> C10H20O 0.13 -

23 15.35 156 Decanone<2-> C10H20O 0.15 

24 15.45 144 Octanoic acid CsH16 02 0.55 1.09 

25 15.77 172 Octanoic acid, ethyl ester C10 H20 02 - 0.35
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Peak 
Rt. M.W. Components 

No. 

26 16.83 156 �-Citronellol 

27 16.95 154 Dihydrocarveol <neoiso> 

28 17.07 154 Nerol 

29 19.04 164 Benzoic acid, propyl ester 

30 19.05 186 1-Octanol,2-butyl

31 19.71 152 Limonen-10-ol 

32 19.77 170 Undecanone <2-> 

33 19.83 152 Decadienal<2E,4Z> 

34 20.73 180 Tridecyne <1-> 

35 22.41 198 Citronellyl acetate <beta-> 

36 22.69 164 Eugenol 

37 22.81 168 Geranic acid 

38 23.43 204 Ylangene <alpha-> 

39 23.45 166 Para-Anisic acid, methyl ester 

40 23.70 204 Patchoulene<beta-> 

41 23.98 196 Myrtanol acetate <trans-> 

42 24.21 170 2- Decenoic acid

43 25.06 204 Cedrene <alpha-> 

44 25.36 204 Caryophyllene <beta-> 

45 26.33 204 Famesene <(Z)-beta-> 

46 26.98 204 Famesene <(E)-beta-> 

47 27.84 192 Benzoic acid, amyl ester 

48 28.45 198 Tridecanone <2-> 

49 28.85 212 Pentadecane <n-> 

50 29.03 204 Famesene <(E,E)-alpha-> 

51 31.51 200 Dodecanoic acid 

52 32.58 220 Copaen-4-Alpha-ol <beta-> 

53 34.79 216 Dodecanoic acid ,3-hydroxy-
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Mol. 

formula 

CwH20 O 

CwH1sO 

CwH1sO 

Cw H12 02 

C12 H26O 

Cw H16 0 

C11 H22 0 

C10H16 0 

C13 H24 

C12 H22 02 

C10H12 O2 

CwH16O2 

C1s H24 

C9 H10 03 

C1s H24 

C12H20O2· 

Cw His 02 

C1s H24 

C1s H24 

C1s H24 

C1s H24 

C12 H16 02 

C13 H26 0 

C1sH32 

C1s H24 

C12 H24 02 

C1s H24 0 

C12 H24 03 

Relative% 

HV FAV 

0.10 -

0.06 0.16 

0.15 0.08 

0.18 -

0.08 -

0.12 -

0.73 0.05 

- 0.03 

0.06 -

0.59 -

0.18 0.01 

- 0.56 

0.16 -

- 0.02 

0.44 -

0.03 -

- 0'18 

0.08 -

0.47 -

0.06 -

0.05 -

0.11 -

0.24 -

0.08 -

0.16 

- 0.67

0.14 -

- 4:18 

I 
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Peak Mol. Relative% 

No. 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

Rt. M.W. Components 
formula HV 

36.33 226 Pentadecanone <2-> C1s H30 0 3.06 

38.96 212 Benzoic acid, benzyl ester C14 H12 02 0.2 

39.19 228 Tetradecanoic acid C14 H2s 02 -

40.40 254 Octadecane <n-> C1s H3s 0.56 

40.97 240 Hexadecanal C16H32 0 0.41 

41.92 268 
2- Pentadecanone, 6,10,14-
trimethyl-

C1s H36 0 0.08 

43.03 242 Hexadecanol C16 H34 0 0.06 

44.64 270 
Hexadecanoic acid, methyl 

C17 H34 02 0.6 
ester 

46.45 256 Hexadecanoic acid C16 H32 02 1.05 

47.09 284 Hexadecanoic acid, ethyl ester C1s H36 02 0.53 

47.33 282 Eicosane <n-> C20H42 21.97 

49.79 292 
9,12,15 Octadec�trienoic acid, 
methyl ester 

C19 H32 02 7!68 

56.48 324 Tricosane <n-> C23 H4s 29.36 

59.35 338 Tetracosane <n-> C24 Hso 0.65 

62.09 352 Pentacosane <n-> C2s Hs2 23.17 

62.28 326 Docosanol C22 H46O -

Identified components 97.85 

(-): Not detected. Rt.: Retent10n time m mmutes M.W.: Molecular weight. 
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FAV 

0.11 

-

0.30 

-

0.04 

0.58 

0.31 

15.05 

1.09 

2.64 

41.53 

5.96 

-

2.41 

0.14 

83.53. 
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Table (2): Different Classes of Constituents in the Floral Volatiles of the flowers of 
Oenotltera speciosa Nutt. 

No. of Components Relative% 
Class 

HV FAV HV 

Hydrocarbons 20 6 78.05 

■ Aliphatic hydrocarbons 12 5 76.54 

■ Terpene hydrocarbons 8 0 1.51 

■ Cyclic hydrocarbons 0 1 0 

Oxygenated components: 32 31 19.8 

■ Esters 10 6 10.28 

■ Ketones 7 5 4.5 

■ Alcohols 9 6 2.58 

■ Aldehydes 1 3 0.41 

■ Saturated fatty acids 3 6 1.68 

■ Unsaturated fatty acids 0 2 0 

■ Hydroxy- fatty acids 0 1 0 

■ Oxides 1 0 0.17 

■ Phenols 1 2 0.18 

Identified components 52 37 97.85 

HV: Hydro-distilled floral volatiles. FAV: floral absolute volatiles 

114 

FAV 

13.7 

12.8 

0 

0.90 

69.83 

43.33 

1.64 

1.41 

0.08 

18.35 

0.74 

4.18 

0 

0.1 

83.53 




























