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ABSTRACT: The objective of the present study was to evaluate the effect of pre-sowing treatments with UV-ray on 
the amount of essential oil and its components. The results showed that UV-C, high energetic, had greater effect on 
studied characters, especially plant secondary metabolites than UV-A. And also D2 distance between UV source and 
exposed seeds produced higher values of essential oil components of seeds compared to D1. There were differences 
effect of exposed times on the studied characters, the highest fixed oil rate was found when the seeds exposed to UV 
for 40 min. while the optimum protein and essential oil contents were found at 20 min. radiation, whereas at 60 min. 
radiation, higher concentration of trans-anethole was accumulated. The results showed that exposing seeds to UV-C 
×D2 ×T2  significantly increased essential oil yield (42.40 kg ha-1) compared to control (10.63 kg ha-1 ),  while 
exposing seeds to UV-C at 6 cm distance for 20 min. significantly increased the rate of essential oil compared to 
control. While the higher rate of fixed oil was recorded after exposing the seeds to UV-A ×D2 ×T2 with values (12 %) 
control (5%). Concerning the studied chemical compounds, they were significantly affected by UV-ray, but each had 
an optimum dose for accumulating a high rate. The higher concentration of trans-anethole as the main compound of 
anise essential oil, was found to be (43.824 mg ml-1) after exposing seeds to UV-C at 6 cm distance for 60 min. 
compared to control (7.955 mg ml-1), while by decreasing exposure time to 40 min. for the same treatment, the 
concentration of estragole recorded the highest rate (1.87 mg ml-1) compared to control (0.818 mg ml-1). Moreover, 
anisaldehyde recorded high concentration with UV-C×D1×T1 (2.131 mg ml-1), dianethole with UV-A ×D2×T2 (15.03 
mg ml-1), anisic acid with UV-C×D2×T1 (5.064 mg ml-1), linalool with UV-A ×D1×T1 (4.044 mg ml-1) and limonene 
in control treatment (3.689 mg ml-1). The studied correlation coefficients verified that the essential oil was positively 
and significantly correlated with each of fixed oil and protein. Trans-anethole had negative and significant 
correlations with limonene and linalool (-0.668** and -0.468**), respectively, and also had positive and significant 
correlations with estragole with enisaldehyde (0.556**) and dianethole (0.716**). 
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INTRODUCTION 
The plant species Anise (Pimpinella anisum L.) which belongs to the family Apiaceae, was selected, because they 
are known to be rich in sources of essential oils mainly trans-anethole compounds. The genus Pimpinella contains 23 
species, 3 of which are endemic in Iraq [1]. Anise is primarily grown for its fruit, commercially called “seed”, used 
as flavoring [2]. In general, the essential oil is extracted from its seed, but its roots may also be used. Essential oil of 
anise fruits contains from 75 to 95 % or more, Anethole (trans-anethole) as the main compound, followed by 
Estragole (Methyl chavicol), Anisaldehyde and some other compounds in a small amount [3]. Anise oil has been 
used in Iraqi folk medicine for the treatment of some diseases, including seizures and epilepsy [1, 4, 5]. Generally, 
the phytotherapeutic applications of the plant as well as the essential oil include carminative, mild expectorant, 
diuretic, antiseptic and antispasmodic effects [6, 7]. In addition to its medicinal value, its fruits and oil have been 
used in food industry, such as cookie, candy, toothpaste, liquor and in some alcoholic drinks for flavorings. Also it is 
added in American tobacco products because of its aromatic characteristics [8, 9].  
In recent years, there has been an increased interest in UV light techniques, because ultraviolet radiation is one 
important factor that in many cases has an effect on plant growth and stimulates the production of secondary 
metabolites.  
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The degree of the effect of UV-ray on plant growth varies according to plant species, but their effecting on plant 
secondary metabolites may return to some specific reasons such as the secondary metabolites which have a sun 
screening effect and protect the cells from the radiation, this would be especially likely if the metabolites are 
concentrated in the epidermis or other superficial tissues, and the radiation aids in reaching a certain level of general 
differentiation necessary for production of secondary metabolites [10]. 
Interest in the effects of UV on plants has increased considerably in recent years as evidence for ozone depletion 
continues to accumulate [11]. UV-A (320-400 nm) is present in significant amounts in natural daylight and is 
relatively little affected by changes in the ozone layer. UV-C (100-280 nm) is extremely active photo chemically and 
biologically lethal, but it is completely excluded by the ozone layer. UV-B region (280- 320 nm) is the part of 
ultraviolet radiation which is biologically active and vulnerable to significant changes resulting from differences in 
the extent of blocking by the ozone layer [12, 13]. The main objective of the present study was to apply the technique 
of UV-light at different wavelengths, distances and time of exposure as pre-sowing treatments of wild collected 
seeds and determination of  the effects on chemical components of Anise (Pimpinella anisum L.). 
 
MATERIALS AND METHODES 
This experiment was carried out at the research station field of Faculty of Agricultural Sciences / Sulaimani 
University in Bakrajo during the season (October 2011- June 2012). The seeds of Pimpinella anisum L. were (local 
variety) standard seeds were treated with ultraviolet ray {Control: UV-C: 254 nm and UV-A: 366 nm)} at two 
different distances (D1:6 cm and D2: 12 cm) between seed lots and the source of UV-ray for different periods of time 
(T1: 20, T2: 40, and T3: 60 min.). The field land was designed as a factorial experiment conducted in split-split plot 
design, with three replicates. 
Studied characters 
Chemical components 
Protein %: Protein content was determined in seeds by using Kjeldahl method [14], and for calculation, 
the following equations were used: 
T. N% = (V×N×E×0.014 /S) ×100 
Protein % = T.N % × 6.2 
T.N= Total nitrogen 
V= Volume of 0.01 N HCL titrated for the sample (ml). 
N = Normality of HCL solution. 
E= Equivalent weight of nitrogen  
S= weight of sample (g) 
Fixed oil %: The ratio (%) of fixed oil was determined by using the Soxhlet apparatus, the method used by 
[14], then fixed oil content calculated as follows [15]:  
Fixed oil% = (Weight of flask after extraction – weight of flask prior to extraction /Weight of 
sample) ×100 
Essential oil % 
Water steam distillation 
Essential oil was quantified by using a Clevenger apparatus, according to European Pharmacopoeia (2000). Samples 
of 25 g from the dried and cleaned mixed seeds for each treatment were ground up; therefore, they were subjected to 
hydro-distillation for 120 min. [16] to obtain the yield of essential oil and the chemical component of the oil samples, 
using High Performance Liquid Chromatography (HPLC) technique. The following equation was used to determine 
the content of essential oil. 
Essential oil% = Volume of essential oil / Weight of sample ×100 
And essential oil yield was calculated from the following formula: 
Essential oil yield kg h-1 = Essential oil% w/w × seed yield kg h-1  
Essential oil analyzing: 
The extracts (essential oil) were qualitatively and quantitatively analyzed by High Performance Liquid 
Chromatography (HPLC) [Research Laboratory of the Green Field Company in Baghdad] using a model Shimadzu 
Corporation, Kyoto Japan,  LC- 10 AV equipped with binary delivery pump model LC-10A Shimadzu. Column:  
Phenomenex C-18, 3µm particle size (50×4.6 mm I.D.) [17].   
Calculation 
Concentration of sample µm/ml = (Area of sample/ Area of standard) × Concentration of standard × dilution factor 
[18].  
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Statistical analysis 
Statistical analysis of the data was carried out by using statistical program JMP Stat, for checking the significance of 
the different treatments, whereas LSD at 5% probability levels (P< 0.05) was used to compare the differences among 
the treatments. 
RESULTS AND DISCUSSION                                                                                                                        
Effect of exposure time duration to UV light 

Table (1) revealed that exposing seeds to UV for 40 min. T2 gave highest value of fixed oil content with (8.95 %) and 
essential oil yield (24.77 kg ha-1) followed by T3 (7.75 % and 17.64 kg ha-1) respectively. These results were in 
agreement with those of [19] who reported that irradiated seeds with UV for 45 min. enhanced accumulation of oil in 
Helianthus annuus L. comparing to other exposure times (0, 15, 30 min.). By increasing exposing time to UV- ray, 
protein and essential oil were decreasing but meanwhile all treatments showed superiority on control treatment. 
T1was the best treatment to produce high content of protein and essential oil (25.1 % and 3.16 %) compared to 
control (20.43 % and 1.6 %) respectively, where their contents were increased by (22.86 % and 97.5 %) compared to 
control, this increment of the amount of the essential oil in seeds may be due to the UV-rays which may cause 
genetic variations that reflected on the metabolism of plants [20], similar results of positive effect of UV- ray on 
essential oil concentration in anise were found by [21], in Parsley [22]  and in Lavender [23]. 
However comparing to UV-treated seeds, protein content was significantly increased by first dose (20 min.) of UV-
ray, while essential oil was significantly increased by both T1 and T2 and decreased by irradiating seeds for 60 min., 
and fixed oil significantly increased by all doses of exposure time. Concerning protein content, our results were close 
to those of [24] who reported that increasing exposure times to UV- ray decreased protein content in both white beet 
and red cabbage plants, while it had contrary effects on kidney bean. 

Table 1: Effect of anise seed exposure to different times of UV- ray on fixed oil content (FO %), protein 
content (P %), essential oil content (EO %) and essential oil yield (EOY). 

     Exposure time 
 
Character 

T 1  
(20 min.)   

T 2 
(40 min.)  

T 3 
(60 min.)  

LSD 
Control 

0.05 0.01 
FO (%) 7.25 8.95 7.75 0.69 0.96 5 
P (%) 25.1 22.5 22.42 2.15 2.97 20.43 

EO (%) 3.16 2.73 2.04 0.061 0.084 1.6 
EOY(kg ha-1) 13.04 24.77 17.64 2.79 3.85 10.63 

 
Interaction of UV WL, distance and exposure time 
Table (2) verified a highly significant effect of the interaction UV-A×D2×T2 (12%) where their content was increased 
by (140 %) compared to control, followed by UV-A ×D1×T2 (9.3 %), while the lowest fixed oil content(6 %) found 
in treatment UV-C×D1×T1, but generally the results showed that treating seeds with UV at both distances and for all 
three time exposures increased the content of fixed oil comparing to control. Data in table (2) also showed that the 
irradiated seeds with UV-C×D2×T1 treatment produced plant seeds with the highest content of essential oil (3.69 %) 
more than control (1.6 %) by (130.62 %), followed by UV-A ×D2×T2 with (3.66 %), while the content of essential oil 
was negatively affected by treatment UV-C×D1×T3 where their concentration was decreased by (20.3 %) compared 
to control. The maximum yield of essential oil was found when seeds exposed to UV-C×D2×T2,   four times higher 
than control treatment (42.40 kg ha-1 and 10.63 kg ha-1) respectively, followed by UV-A×D1×T3 with (31.8 kg ha-1) 
but the lowest yield of essential oil was found when seeds exposed to UV-A×D2×T3 (6.09 kg ha-1). Generally yields 
of essential oil from anise have been reported in the range of (10 to 24 kg ha-1) [25, 26], while [27] reported the range 
between (1.6 to 41 kg ha-1), while essential oil yield in the present study ranged from (6.09 to 42.40 kg ha-1). In fact, 
the essential oil yield was directly associated with seed yield and essential oil content. Variation in these components 
directly affected essential oil yield [25, 28]. 
Essential oil composition 
Effect of UV wavelength 
Table (3) indicated that UV-C increased concentrations of each anisaldehyde total, estragole, trans-anethole and 
anisic acid (1.177, 1.148, 31.897 and 1.728 mg ml-1) respectively, while UV-A significantly increased the 
concentration of limonene and linalool (1.863 and 2.124mg ml-1) respectively. Dianethole was not significantly 
affected by changing in UV wavelength. UV-C wavelength increased the concentrations of both compound strans-
anethole and estragole compared to UV-A wave length by (95.53 % and 11.62 %) respectively. The results showed 
that, UV-C increased the concentrations of compounds synthesized by shikimic acid pathway, while the 
concentrations of both limonene and linalool synthesized by acetate-mevalonic acid pathway [29], were decreased 
after explosion of seeds to UV-C, this explained that UV-C has positive effect on shikimic acid pathway and 
negative effect on acetate-mevalonic acid pathway. 
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Table 2: Interaction effect of UV WL, distance and exposure time on fixed oil content (FO %), protein content 
(P %), essential oil content (EO %) and essential oil yield (EOY) in anise seed. 

Characters 
 
 

UVWL×D×T 
FO (%) P (%) EO (%) EOY(kgha-1) 

UV-A×D1×T1 9 25.4 3.33 18.14 

UV-A×D1×T2 9.3 19.68 1.66 11.77 

UV-A× D1×T3 7 22.68 2.23 31.8 

UV-A×D2 ×T1 7 26.62 2.4 8.38 

UV-A×D2×T2 12 21.16 3.66 19.77 

UV-A×D2×T3 7 25.1 1.6 6.09 

UV-C×D1×T1 6 21.8 3.25 16.52 

UV-C×D1×T2 6.5 25.18 3.63 25.14 

UV-C×D1×T3 8.5 18.4 1.33 9.18 
UV-C×D2×T1 7 26.54 3.69 9.14 
UV-C×D2×T2 8 23.9 2 42.4 
UV-C×D2×T3 8.5 25.5 3 23.47 

LSD 0.01 1.92 NS 1.168 7.7 
0.05 1.39 NS 0.1122 5.59 

Y� UV×D ×T 7.98 23.49 2.64 18.48 
Y� Control 5 20.43 1.6 10.63 

Tcal 2.972 1.806 2.006 2.61 
t0.05(13) 2.16 
t0.01(13) 3.01 

UV-A: 365 nm, UV-C: 254 nm, D1: 12 cm, D2: 6 cm, T1: 20 min, T2: 40 min, T3: 60 min. 
 
 

Table 3: Effect of UV-ray (A and C) doses on chemical components of anise essential oil as identified by 
(HPLC). 

        Characters 
 
 
UV Treatment 

A Ald 
mg ml-

1 
ES      

mg ml-1 
TAmg 

ml-1 
DAmg 

ml-1 
A Acid 
mg ml-1 

Lim  mg 
ml-1 

Lin   mg 
ml-1 

UV-A  (365 nm) 0.968 1.001 15.017 6.609 1.192 1.863 2.124 
UV-C  (254 nm) 1.177 1.148 31.897 6.851 1.728 1.132 0.957 

LSD 
0.05 0.041 0.088 1.127 N.S 0.436 0.071 0.093 
0.01 0.095 N.S 2.599 N.S N.S 0.165 0.215 

AAld: Anis aldehyde total, ES: Estragole (Methylchavicol),TA. anethole, DA: Di-anethole, AAcid:Anisic acid, 
Lim:Limonene and Lin: Linalool. 

Effect of exposing time duration to UV-ray 
Table (4) showed that irradiated seeds with UVxT1 gave the highest concentration of anisaldehyde total (1.245 mg 
ml-1) where its concentration was increased by (67.34 %) compared to control, while UVxT2 radiation had the lowest 
value with (0.879 mg ml-1), but generally exposing seeds to UV for all exposure times significantly increased the 
concentration of anisaldehyde total compared to control treatment. The high concentration of estragole (1.155 mg ml-

1) found in 60 min. radiation which was higher by (41.2%) than control, followed by T1 treatment. The major 
essential oil constituent in the seeds of anise istrans-anethole, it can be observed from results of (Table 4) that it was 
the most affected compound by UV-ray.  
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According to the present results, trans-anethole had a direct relationship with exposure times, i.e. by increasing 
exposing time to UV-ray, the concentration of this compound was increased such as in case of irradiating seeds for 
60 min. gave the highest concentration with (25.766 mg ml-1) compared to other treatments where trans-anethole 
concentration was three times higher than control (7.955 mg ml-1). These findings were in line with [21] who 
demonstrated that irradiated seeds for 60 min. increased the concentration of trans-anetholeby three times more than 
non-irradiated seeds. The reason for this was that the radiation affects the components of the essential oil [30]. 
   

Table 4: Effect of seed exposure to different timesof UV-ray on chemical components of anise essential oil as 
identified by (HPLC). 

 
         Characters 
 
 
Time (min.) 

A 
Aldmg 

ml-1 
ES      

mg ml-1 
TAmg 

ml-1 
DAmg 

ml-1 
A Acid 
mg ml-1 

Lim  mg 
ml-1 

Lin   mg 
ml-1 

T 1 (20 min.) 1.245 1.069 21.358 7.924 2.615 1.905 2.652 
T 2 (40 min.) 0.879 1 23.247 7.463 0.968 1.008 0.874 
T 3 (60 min.) 1.093 1.155 25.766 4.803 0.798 1.58 1.097

LSD 
0.05 0.024 0.089 0.916 0.786 0.266 0.096 0.094 
0.01 0.034 0.123 1.262 1.084 0.367 0.133 0.13 

Y� Control 0.744 0.818 7.955 4.38 2.769 3.689 2.11
AAld: Anis aldehyde total, ES: Estragole (Methylchavicol),TA: Trans-anethole, DA: Di-anethole, AAcid: Anisic 

acid, Lim: Limonene and Lin: Linalool. 
 

Table 5: Interaction effect of UV WL, distance and exposure timeon chemical components of 
anise essential oil as identified by (HPLC). 

           Characters 
 

UVWL×D×T 
A 

Aldmg 
ml-1 

ES      
mg ml-1 

TAmg 
ml-1 

DAmg 
ml-1 

A Acid 
mg ml-1 

Lim  mg 
ml-1 

Lin   mg 
ml-1 

UV-A × D1×T1 1.115 1.121 8.668 4.121 1.754 1.813 4.044 
UV-A ×D1×T2 0.802 0.487 13.205 3.1 0.599 0.908 0.554 
UV-A ×D1×T3 1.56 1.069 16.288 2.583 0.471 1.896 1.295 
UV-A ×D2 ×T1 0.785 1.218 18.719 12.924 1.747 3.182 4.314 
UV-A ×D2×T2 0.886 1.644 16.419 15.03 1.214 1.334 1.305 
UV-A ×D2×T3 0.657 0.467 16.803 1.895 1.369 2.046 1.233 
UV-C ×D1×T1 2.131 1.03 24.436 7.252 1.897 1.04 1.627 
UV-C ×D1×T2 0 0 40.076 2.141 0.84 0.795 0.883 
UV-C ×D1×T3 1.826 1.604 26.151 5.808 0.744 1.273 0.777 
UV-C ×D2×T1 0.948 0.908 33.61 7.4 5.064 1.583 0.621 
UV-C ×D2×T2 1.83 1.87 23.287 9.58 1.217 0.993 0.754 
UV-C ×D2×T3 0.327 1.478 43.824 8.927 0.607 1.106 1.081 

LSD 
0.01 0.068 0.246 2.525 2.168 0.735 0.266 0.26 
0.05 0.049 0.179 1.833 1.573 0.533 0.193 0.189 

Y� UV×D ×T 1.072 1.074 23.457 6.73 1.46 1.497 1.54 
Y� Control 0.744 0.818 7.955 4.38 2.769 3.689 2.11 

t cal 0.853 0.781 2.405 0.915 -1.685 -5.496 -0.752 
t 0.05(13) 2.16 
t 0.01(13) 3.01 
UV-A: 365 nm, UV-C: 254 nm, D1: 12 cm, D2: 6 cm, T1: 20 min, T2: 40 min, T3: 60 min. 

AAld: Anis aldehyde total, ES: Estragole (Methylchavicol),TA: Trans-anethole, DA: Di-anethole, AAcid:Anisic 
acid, Lim: Limonene and Lin: Linalool 
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Interaction of UVWL, distance and exposure time 
Table (5) revealed that anisaldehyde total was highly significantly affected by interaction between UV-C×D1×T1 
(2.131 mg ml-1), significantly superior over control treatment by (186.43 %) but the lowest concentration of this 
compound was found in interaction between UV-C ×D2×T3 with (0.327 mg ml-1). The Interaction between UV-
C×D2×T2 significantly increased the concentration of estragole (1.87 mg ml-1) compared to control (0.818 mg ml-1) 
by (128.6 %), followed by UV-A×D2×T2 with (1.644 mg ml-1). Moreover, compounds, anisaldehyde total and 
estragole were not identified by HPLC after exposing seeds to UV-C ×D1×T2 treatment. 
Exposed seeds to UV-C×D2×T3 stimulated plants to produce seeds with high concentration of trans-anethole 
(43.824 mg ml-1) where its concentration was higher than control (7.955 mg ml-1) by (450.9 %), while irradiated 
seeds by UV-A× D1×T1 treatment gave the minimum concentration of this compound (8.668 mg ml-1) compared to 
other interaction treatments. Interaction between UV-A×D2×T2 positively increased the concentration of dianethole 
(15.03 mg ml-1) compared to control (4.38 mg ml-1) followed by UV-A×D2 ×T1 with (12.924 mg/ml). Anisic acid was 
only significantly affected by treatment UV-C×D2×T1 (5.064 mg ml-1) compared to control (2.769 mg ml-1), while 
the effects of other treatments were not fallen in significant range. The concentration of limonene was not 
significantly changed after irradiation of seeds with different treatments compared to control, while UV-A ×D2 ×T1 is 
the best treatment for this compound comparing to other treatments with (3.182 mg ml-1). The high concentration of 
linalool was found in interaction between UV-A ×D2 ×T1 with (4.314 mg ml-1) followed by UV-A× D1×T1 (4.044 mg 
ml-1), while other treatments negatively decreased the concentration of Linalool. 

 
Correlation coefficients among characters 
Table (6) showed the presence of positive significant correlations of essential oil with fixed oil, protein, trans-
anethole and dianethole content; these results were in agreement with [16]. While essential oil was negatively 
correlated with limonene but it had positive and significant correlation with estragole and trans-anethole contents. 
Positive correlation was found between essential oil yield and trans- anethole in anise plant found by [16]. However 
essential oil yield had negative significant correlations with anisic acid and Limonene.  
According to the present results, no significant correlation was existed between protein and fixed oil. These results 
were in agreement with [31], but were contrary to the work reported by [32]. Trans-anetholeas a main component of 
essential oil was negatively and significantly correlated with each of limonene and linalool (-0.668** and -0.468**) 
respectively, this explained that thetrans-anetholein high concentration caused a decreases in concentrations of 
limonene and linalool, while in low concentration the reverse was true. Also positive and significant correlation was 
found between estragole with anisaldehyde total (0.556**) and with dianethole (0.716**), and also limonene had 
positive and significant correlation with anisic acid.  
 

Table 6: Correlation coefficients among almost all studied characteristics. 

Traits FO P EO EOY A Ald. ES. TA DA 
A. 

Lim Acid 
FO                     
P -0.026                   

EO 0.361* 0.477**                 
EOY 0.267 0.14 0.267               

A Ald. 0.108 -0.243 -0.107 0.268             
ES. 0.428** -0.03 0.037 0.366* 0.55**           
TA 0.206 0.407** 0.540** 0.310* -0.11 0.08         
DA 0.453** 0.155 0.370* 0.147 0.16 0.71** 0.206       

A Acid -0.375* 0.038 0.065 -0.405** -0.05 -0.104 -0.163 0.06     
Lim -0.610** -0.197 -0.515** -0.469** -0.24 -0.15 -0.66** -0.11 0.488**
Lin -0.169 0.196 0.01 -0.259 -0.08 0.05 -0.46** 0.17 0.164 0.56** 

Tab (p) % 1 = 0.402 **      Tab (p) % 5 = 0.312 * 
FO %:Fixed oil content, P %: protein content , EO %: essential oilcontent,EOY: essential oil yield, A Ald: Anis 
aldehyde total, ES: Estragole (Methylchavicol),TA:Trans-anethole, DA: Di-anethole, AAcid:Anisic acid, 
Lim:Limonene and Lin: Linalool. 
 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 

1. Pre-Sowing seed treatments with different UV wavelength especially UV-C had a positive effect on the 
chemical components and the diversity of essential oil of (Pimpinella anisum L.). 
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2. The short distance treatment between UV-ray sources and exposed seeds had greater effect plant chemical 
components. 

3. Plant seeds required optimal dose of exposure time to UV-ray, below this limit, it may not be sufficient to 
affect the plant and above this limit may have inhibiting effect on plant growth and development. 

4. The present findings indicated that if the purpose was essential oil, irradiating seeds with UV-C×D2×T1 was 
more effective while for high concentration of trans-anethole, seeds were radiated with UV-C×D2×T3 was 
more effective. 

Recommendations 
Investigating the effect of different UV- ray treatments on other medicinal plants. 
 

REFERENCES 

[1] Al-Rawi A. and Chakravarty H L. 1988. Medical Plant of Iraq. 2nd Edition, Ministry of Agriculture and Irrigation, 
State Board for Agricultural and Water Resources Research, National Herbarium of Iraq, Baghdad: p. 93. 

[2] Zargari A., 1990. Medicinal Plants.  Tehran University press, Tehran, Vol. IV, 325-328. 

[3] Hansel R., Sticher O and Steinegger E. 1999.Pharmakognosie- Phytopharmazie, 6th ed. 692–695. 

[4] Abdul-Ghani A S., El-Lati S G, Sacaan A I and Suleiman M S. 1987. Anticonvulsant effects of some Arab 
medicinal plants. Int J Crude Drug Res; 25, 39–43. 

[5] Avicenna A. 1988. Drugs and decoctions used in epilepsy. In: Sharafkandi, A. (Translator), Ghanoon Dar Teb. 
Soroosh Press, Tehran, 456-459. 

[6] Bown D. 2001. Encyclopedia of Herbs and their Uses.The Herb Society of America, Darling, Kindersley, 
London. 

[7] Kreydiyyeh S. I, Usta J, Knio K S, Markossian S. and Dagher S. 2003. Aniseed oil increases glucose absorption 
and reduces urine output in the rat. Life Sci. 74,663–673. 

[8] Ozguven M. 2001. Aniseed (Pimpinellaanisum L.). Handbook of herbs and spices. Peter K V (Ed). Wood head 
publishing Limited, Cambridge, England and CRC press. Boca Raton. Boston, New York, Washington DC. 

[9] Ozguven M, Sekin S, Gurbuz B, Sekeroglu N, Ayanoglu F. and Ekren S. 2005. Tobacco, medicinal and aromatic 
production and trade. (In) Proceedings of sixth Technical Congress of Turkish Agricultural Engineers, held 
during 3-7 January at Ankara turkey. 1, 481-501. 

[10] Zhang W J, and Björn L O. 2009. The effect of ultraviolet radiation on the accumulation of medicinal 
compoundsin plants, Fitoterapia, doi, 10, 1016. 

[11] Houghton J T, Ding Y, Griggs D J, Noguer M, Van De P J, Linden R, Dai X, Maskell K, and Johnson C A.  
2001. Climate change 2001. Report of the Intergovernmental Panel on Climate Change (IPCC). New York: 
Cambridge University Press. 

[12] Sereana H D and Wanda B. 2008. Ultraviolet Radiation. The Ohio State University. 199-08, 2-8. 

[13] Wilson,Ch L and Heidinger G F. 2012. Ultraviolet light treatments for increasing seed yields. Horizon seed 
technologies, inc. jacksonville, IL (US), 2-11. 

[14] A.O.A.C. 2008. Official Methods of Analysis, 16th ed. Association of Official Analytical Chemists International 
Arligton, Virginia, U.S.A. 

[15] Nik  Nik A. R., Rawi S. Al, Hossain Md. S, Ibrahim A, Abdul Majid M A and  Ab Kadir M O. 2011. Malysia. 
Comparative Study between the Supercritical Extraction and Soxhlet Extraction of Nutmeg Seed. 
Unpublished. 

[16] Ozel A. 2008. Anise (Pimpinellaanisum L.): change in yield and component composition on harvesting at 
different stage of plant maturity. Exp l Agric. Cambridge University Press, volume 45, 117–126. 

 

International Journal of Plant, Animal and Environmental Sciences               Page: 16                            
Available online at www.ijpaes.com 



 

Abdullah and Hama Rashid et al                                          Copyrights@2014   IJPAES   ISSN 2231-4490 

 [17] Bisignano G, Sanogo K, Masino A, Aquino R, Angelo U D, Germano M P, Pasqual R.D and Pizza R.D. 2000. 
Antimicrobial activity of Mitracar pusscaber extracts and isolated constituents. Phytochem. Letters in applied 
microbiology, 30, 105-108. 

[18] Illiana I, Witte L and Alfermann A W. 1989. Production of alkaloid by transformed root cultures of Datura 
innoxia. Planta Medica, Vol. 55, 229-230. 

[19] AL-Na�emi A N A, Al-Zaidi R N  and Al-Aqedi T N. 2008. Select and extract Citric acidfrom seed oil, plant 
parts and callus of Helianthus annuus L. after exposing to UV-A and UV-C. J. Tkrit. 15; 34-38. 

[20] Jain, S M. 2001. Tissue culture - derived variations in crop improvement. Euphytica.118, 153-166. 

[21] Al-Akrawi H S K. 2006. Exposure of seeds, Organs and Callus of Pimpinella anisum L. to ultraviolet rays and 
determination of Anethole content by high performance liquid chromatography. Musil Uni. College of  
Education. M.Sc. Thesis. 

[22] Al-Zaidi R N J. 2005. The Effects of Gamma & ultraviolet rays in Tissue culture. The  content of protein, 
nucleic acid and volatile oils in parsley plants Petroselinum crispum L. Musil University. College of 
Education. M.Sc. Thesis. 

[23] Badawy E, Sakr S, El-Sharnouby M, Szoke E, Mathe I, Blunden G and Kery A. 2003. Production and 
composition of Lavender plants through tissue culture as affected with gamma irradiation treatments. Acta - 
Horticulture. 597,325-328. 

[24] Kacharava N, Chanishvili S H, Badridze G, Chkhubianishvili E and Janukashvili N. 2009. Effect of seed 
irradiation on the content of antioxidants in leaves of Kidney bean, Cabbage and Beet cultivars. Australian J. 
of Crop Sci.3(3),137-145. 

[25] Tuncturk M and Yildirim B. 2006. Effect of seed rates on yield and yield components of anise 
(Pimpinellaanisum L.). Indian J. Agric.Sci. 76 (11),679-681. 

[26] Zehtab-salmasi S, Javanshir A, Omidbaigi R, Alyari H and Ghassemi-golezani K. 2001. Effects of water supply 
and sowing date on performance and essential oil production of anise (Pimpinella anisum L.). Acta 
Agronomica, Hungarica. 49 (1), 75-81. 

[27] Habibullah R Y Kh. 2012. Fruit Yield and Quality of Anise (Pimpinella anisum L.) in Relation to Agronomic 
and Environmental Factors. Institute of Agronomy and Plant Breeding I, Justus Liebig University Giessen, 
Germany. 

[28] Tunctürk M, Ekin Z and Türközü D. 2005. Response of black cumin (Nigella sativa L.) to different seed rate 
growth, yield components and essential oil components. Journal of Agronomy. 4, 216-219. 

[29] Ramawat K G, Dass S. and Mathur M. 2009. Herbal drugs: ethno medicine to modern medicine. Springer, 
Berlin Heidelberg New York. 16. 

[30] Tyagi B R and Srivastava H K. 1986. Effect of seed irradiation on yield and quality of essential oil in palmarose 
(Cymbopogonmartinisteaf), Euphytica. 35, 369-380. 

[31] Okporie E O and Oselebe H.O. 2007.Correlation of Protein and Oil Contents with Five Agronomic Characters 
of Maize (Zea mays L.) After Three Cycles of Reciprocal Recurrent Selection. World Journal of Agricultural 
Sciences 3 (5), 639-641, 2007 Department of Crop Production and Landscape Management, Ebonyi State 
University, Abakiliki, Nigeria. 

[32] Okporie E O, and Obi I U. 2004. Development of Acid Tolerant, High Yielding and High Nutritional Maize 
Variety after two years of Mass selection. Sci. Agric, Food Tech and Envirn, 4, 23-30. 

 

International Journal of Plant, Animal and Environmental Sciences               Page: 17                            
Available online at www.ijpaes.com 

 


