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Abstract : Salinity is a major factor that influences rapeseed production. Canola is now the third 
most important source of edible oil in the world and has many uses in modern medicine. Selenium 
and boron are required by plants in small quantities that involve several physiological and 
biochemical processes in plants. The aim of this investigation was to evaluate the effect of selenium 

(0, 2 and 4 mg l-1 as sodium selenate) and boron (0, 2, and 4 mg l-1 as boric acid) on oil production 
and fatty acids composition of Brassica napus plants irrigated with saline water (0, 2.5, 5 and 7.5 dS 

m-1). Data revealed that salinity significantly decreased oil content of canola and the highest values 

(0.43 and 1.00 g plant- 1 in the 1st and 2nd seasons, respectively) were obtained from the lowest level 

of salinity (2.5 dS m-1) while increasing salinity up to 7.5 dS m-1 resulted in the minimum values of 

oil content (0.25). Plants irrigated with the lowest level of salinity (2.5 dS m-1) and sprayed with 

selenium at 4 mg l-1 and boron at 2 mg l-1 gave the highest oil content in the 2nd season (1.94 g 

plant-1). Gas Chromatography / Mass Spectrometry analysis pointed out that canola oil was 
characterized by containing a high relative concentration of unsaturated fatty acids. The major 
monounsaturated fatty acids was Oleic acid (46.2 - 75.6 %), followed by cis-11-Eicosenoic acid (1.4 
- 11.5 %) and Erucic acid (0.8 - 10.8 %). Linoleic acid (11.2 - 24.8 %) was the main component of 
polyunsaturated fatty acids. Whereas the main saturated fatty acids were Palmitic acid (1.0 - 5.0 %) 
and Stearic acid (1.4 - 3.0 %). The highest relative concentrations of Oleic acid (63.3 and 64.4 %) 

were recorded with salinity at 2.5 and 5 dS m-1, respectively. While increasing salinity level up to 

7.5 dS m-1 decreased Oleic acid (60.5%) and increased Linoleic acid (20.1%). Moreover, applying 

selenium at 2 mg l-1 and boron at 4 mg l-1 with plants irrigated with the lowest level of salinity 2.5 

dS m-1 recorded the highest value of Oleic acid (75.6 %) and the lowest value of Linoleic acid (11.2 

%), while increasing salinity up to 7.5 dS m-1 resulted in the maximum values of Linoleic acid 

(24.4%) and Palmitic acid (5.0%). The application of selenium at 4 mg l-1 and boron at 4 mg l-1 to 

plants irrigated with the lowest level of salinity (2.5 dS m-1) increased refractive index, specific 
gravity, saponification number, ester number and iodine number and decreased acid number. Canola 
oil has high antioxidant activity which gave the greatest value (82.5 %) with plants irrigated with the 

lowest level of salinity (2.5 dS m-1) and sprayed with selenium at 4 mg l-1 and boron at 2 mg l-1.   
Key words: Canola, salinity, selenium, boron, oil production, fatty acids, antioxidant activity.  
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Introduction 
 

Brassica napus (Brassicaceae), is a medicinal food plant1 providing 13% of the world’s edible 

oil supply2. Canola seeds contain 40-45% fixed oil3. Its oil has a high proportion of unsaturated fats and 

a lower level of saturated fats4. Canola is used in treating cardiovascular disease5, rheumatoid arthritis6, 

lupus nephritis7 and high blood pressure8. It has antithrombotic9, antioxidant and anti-inflammatory 

effects because of the presence of omega-6 and omega-3 fatty acids10. Canola oil is also used in bio-

diesel production11. 
 

Salinity is the main environmental factor accountable for decreasing crop productivity mainly in 

arid and semi-arid regions12. Approximately 33% of the cultivated land and most extensions of 

agricultural land in Egypt are already salinized13. Salinity is a major factor that influences rapeseed 

production14. 
 

Selenium is an essential trace element for both humans and animals15, i.e. its adequate 

concentration in humans is about 60 µg day-1. Selenium has efficacy for cancer prevention16 as prostate 

cancer17 and colon and mammary tumors18. It has a protective role in atherosclerosis, arthritis and 

immunity as well as improving fertility19. Deficiency of selenium in various animal species resulted in 
Se-responsive diseases such as muscular dystrophy, exudative diathesis and hepatosis dietetica. 
 

Selenium is a beneficial element for higher plants and has a positive effect on plants growth20. It 

plays an important role in enhancing the resistance of the plants to certain abiotic stresses, e.g. salinity21. 
This protective role in most cases has been attributed to various defense mechanisms which can stimulate 

plant growth22. 
 

Boron is essential for plant growth, development and yield as well as the quality of harvested 
crops. It is required by plants in small quantities that involve several physiological and biochemical 

processes in the plants23 including seed oleic fatty acid24. Boron application mitigated negative effects of 

salts and enhanced growth of canola25. Canola has a high demand for boron and is extremely sensitive to 
boron deficiency. Seed yield and oil quality of canola are often limited by the low availability of boron in 

soils26. The aim of this investigation was to determine the effect of selenium and boron on oil production 
and fatty acids composition of Brassica napus plants irrigated with saline water. 

 

Materials and Methods 
 

The experiments were carried out at the National Research Centre, Dokki, Cairo, Egypt during 

the two successive seasons of 2012/2013 and 2013/2014 to study the impact of selenium and boron on oil 

production and fatty acids composition of canola plants irrigated with saline water. 
 

Canola "Brassica napus L. cv. Serw 4" seeds were obtained from the Ministry of Agriculture 

"Oil Crop Research Center", Giza, Egypt. On 5th November 2012 in the 1st season and 12th November 

2013 in the 2nd season, the seeds were sown in plastic pots (30 cm height x 25 cm diameter) filled with 
12kg of sandy soil. The pots were kept outdoor under natural environmental conditions. The seedlings 
were thinned twice, leaving two plants pot-1. 
 

The soil was prepared two weeks before sowing date. During soil preparation, all treatments were 

fertilized with compost at the rate of 15 ton fed-1, 300 kg fed-1 calcium superphosphate (15.5% P2O5), 90 

kg fed-1 potassium sulphate (48.5% K2O) and 300 kg fed-1 agricultural sulphur (99.9%). Moreover, 

ammonium sulphate (20.5% N) was added at the rate of 150 kg fed-1 in three doses; during sowing date, 

one month later and at the end of vegetative growth stage. 
 

A factorial experiment was imposed in three replication in a completely randomized design of all 

combination between four levels of saline water (0, 2.5, 5 and 7.5 dS m-1 as 2 NaCl : 2 CaCl2 : 1 

MgSO4), three selenium concentrations (0, 2 and 4 mg l-1 as sodium selenate Na2SeO4) and three boron 

concentrations  (0, 2, and 4 mg l-1 as boric acid)  as well  as the  interaction between  selenium and  boron  

http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=35420


422 E. M. Badawy et al /International Journal of PharmTech Research, 2016,9(10): 420-431. 
 

 

under salinity treatments. The plants were sprayed with selenium and boron twice, after 40 and 70 days 
from sowing. 
 

All pots were irrigated with 1.5 l pot-1 of tap water for 5 weeks and then with saline water. Every 

three times of saline water irrigation, the forth one was with 1.5 L pot-1 of tap water containing full-

strength Hoagland’s solution27. The plants were irrigated three times weekly in the summer and two times 
weekly in the winter. All the plants received natural agriculture practices whenever they needed. 
 

The physical and chemical characteristics of the used sandy soil were determined according to 

Jackson28 and are presented in Table (1). 

                     

                     Table (1): The physical and chemical properties of the experimental soil 
 

                                          Physical properties (particle size distribution %)  
  Sand Silt Clay Texture   

  81.8 7.0 11.2 Sandy   

    Chemical properties     

pH E.C.     (meq/l)     

(1:2.5) (dSm-1)   Cations   Anions   

 (1:5)  Ca++ Mg++ Na+ K+ CO3
-- HCO3

-  Cl- SO4
-- 

7.8 0.3  1 0.5 1.5 0.4 - 0.4  2.5 0.5 

 

Data recorded 
 

The following data had been recorded 
 

1. Percentage and yield of oil 
 

Five grams of canola air-dried seeds were separately crushed and extracted with petroleum ether 

(40-60°C) using a Soxhlet apparatus29. Oil percentage (%) and content (g plant-1) were calculated. 
 

2. Esterification of fatty acids 
 

The esterification was done using sodium methoxide-boron trifluoride method as described by 

Mota et al.30 according to Christie31 and Khan and Scheinmann32. 
 

3. Composition of fatty acids 
 

The GC-MS analysis was carried out using gas chromatography-mass spectrometry instrument 
with the following specifications, Instrument: a TRACE GC Ultra Gas Chromatographs (THERMO 
Scientific Corp., USA), coupled with a thermo mass spectrometer detector (ISQ Single Quadrupole Mass 
Spectrometer).The GC-MS system was equipped with a TG-5MS column (30 m x 0.25 mm i.d., 0.25 μm 
film thickness). Analyses were carried out using helium as carrier gas at a flow rate of 1.0 mL/min and a 

split ratio of 1:10 using the following temperature program: 80 oC for 1 min; rising at 4 oC/min to 300 oC 

and held for 5 min. The injector and detector were held at 240 oC. Diluted samples (1:10 hexane, v/v) of 

0.3 μL of the mixtures were always injected. Mass spectra were obtained by electron ionization (EI) at 70 
eV, using a spectral range of m/z 35-500. 
 

4. Physical and chemical properties of canola oil 
 

a. Refractive index, specific gravity, acid number, saponification number and ester number were 

determined as stated by A.O.A.C.33 
 
b. Iodine value 
 

Iodine value of samples was calculated from fatty acids profile by using reacting ratios 

(calculated factors) between iodine and either the fatty acids bond34. 
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5. Antioxidant activity 
 

The antioxidant activity was measured in terms of hydrogen-donating or radical-scavenging 

ability, using the stable radical DPPH (2,20-Diphenyl-1-picrylhydrazyl)35. 
 

The data recorded were analyzed as completely randomized design by analysis of variance 

(ANOVA) using the General Linear Models procedure of CoStat36. Least significant difference (LSD) 

test was applied at 0.05 probability levels. 
 

Results and Discussion 
 

1. Oil percentage and content 
 

Data presented in Table (2) indicate that, increasing salinity significantly decreased oil 

percentage (%) and content (ml plant-1) in both seasons. It was obvious that, the lowest level of salinity 

(2.5 dS m-1) resulted in the highest values of oil percentage and content (23.7 % and 0.43 g plant-1, 

respectively) in the 1st season as well as (26 % and 1.00 g plant-1, respectively) in the 2nd season. While 

the lowest values (20.3 % and 0.25 g plant-1) and (21.7 % and 0.37 g plant-1) in the 1st and 2nd season, 

respectively were recorded with the highest level of salinity (7.5 dS m-1). 
 

Table (2): Effect of selenium and boron on oil production of Brassica napus plants irrigated with 

saline water during 2012/2013 and 2013/2014 seasons 
 

 2012/2013        2013/2014   

Foliar Salinity (S) dS m-1    Salinity (S) dS m-1  

application      Mean 

(F) 

         Mean 

(F) (F) mg l-1 0 2.5 5  7.5  0  2.5  5  7.5  

 Percentage (%) 

Control 21.3 20.6 25.0  16.5 20.8  16.6  29.4  21.2  25.6  23.2 

Se1 22.0 19.6 22.2  21.4 21.3  27.6  24.9  23.0  20.0  23.9 

Se2 31.5 21.0 18.9  19.3 22.7  30.7  22.0  28.8  23.7  26.3 

B1 22.1 22.9 19.9  19.7 21.2  28.7  23.6  22.8  22.3  24.4 

B2 20.5 21.5 24.6  19.1 21.5  28.5  24.1  26.5  21.0  25.0 

Se1B1 22.9 26.8 23.5  22.7 24.0  27.7  25.7  22.2  19.9  23.9 

Se1B2 27.8 22.5 24.4  19.8 23.6  26.5  31.5  23.0  19.1  25.0 

Se2B1 21.4 26.9 27.6  21.4 24.3  28.9  30.5  29.7  22.2  27.8 

Se2B2 24.9 31.5 24.4  22.8 25.9  28.4  22.6  26.5  21.1  24.6 

Mean (S) 23.8 23.7 23.4  20.3   27.1  26.0  24.8  21.7   

LSD at 5% S 0.60      F 0.91      SF 1.52   S 0.63      F 0.94      SF 1.57  

 Content plant-1 (g) 

Control 0.41 0.36 0.37  0.17 0.32  0.45  0.97  0.41  0.46  0.57 

Se1 0.25 0.35 0.30  0.29 0.30  0.78  0.50  0.63  0.59  0.62 

Se2 0.63 0.45 0.30  0.31 0.42  0.91  0.76  0.92  0.30  0.72 

B1 0.31 0.26 0.29  0.26 0.28  0.87  0.55  0.55  0.28  0.56 

B2 0.37 0.24 0.25  0.22 0.27  1.14  0.72  0.86  0.48  0.80 

Se1B1 0.42 0.79 0.47  0.26 0.48  0.92  1.19  0.54  0.39  0.76 

Se1B2 0.60 0.36 0.28  0.19 0.36  1.07  1.59  0.58  0.23  0.87 

Se2B1 0.47 0.51 0.58  0.23 0.45  0.76  1.94  1.03  0.39  1.03 

Se2B2 0.34 0.55 0.40  0.33 0.40  0.96  0.76  0.66  0.23  0.65 

Mean (S) 0.42 0.43 0.36  0.25   0.87  1.00  0.68  0.37   

LSD at 5% S 0.009    F 0.013   SF 0.022   S 0.042    F 0.063    SF 0.105  

Se1 (Selenium 2 mg l
-1

), Se2 (Selenium 4 mg l
-1

), B1 (Boron 2 mg l
-1

), B2 (Boron 4 mg l
-1

) 
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The reduction in oil content may be attributed to the weakening of salinity to lipid complex or 

enzyme activities37 which resulted in decreasing oil percentage in the produced seeds38. In addition, 
salinity limits vegetative and reproductive growth by inducing severe physiological dysfunctions and 

causing widespread direct and indirect harmful effects39 including inhibition of enzymatic activity40,  
photosynthesis41, absorption of minerals42, protein and nucleic metabolism43, respiration44 and stomatal 

behavior45. The adverse effect of salinity on canola oil content was reported previously by46,47,48,49 who 
stated that oil content of canola was significantly decreased with increasing salinity levels. 
 

In addition, the data show that spraying canola plants with selenium and boron had a positive 

effect on oil content and the favorable treatment was selenium at 4 mg l-1 with boron at 2 mg l-1 which 

achieved the maximum value (0.45 g plant-1) in the 1st season as well as the highest percentage and 

content (27.8% and 27.1.03 g plant-1, respectively) in the 2nd season. Whereas the highest value for oil 

content in the 1st season (25.9 %) was recorded for plants treated with selenium at 4 mg l-1 combined 

with boron at 4 mg l-1. This effect may be attributed to that selenium and boron increase seed production of 

rapeseed50, 51. The positive effect of boron application on fixed oil was previously reported by52,53 who found 
that oil content of soybean was significantly higher with boron application. 
 

Moreover, the highest percentage and content of oil (30.5 % and 1.94 g plant-1, respectively) 

were recorded with plant irrigated with the lowest concentration of salinity 2.5 dS m-1 and sprayed with 4 

mg l-1 of selenium and 2 mg l-1 of boron. 

2. Fatty acids composition 
 

The results in Table (3) show that canola oil was characterized by containing a high relative 

concentration of unsaturated fatty acids. The major monounsaturated fatty acids was Oleic acid (46.2 - 

75.6 %), followed by cis-11-Eicosenoic acid (1.4 - 11.5 %) and Erucic acid (0.8 - 10.8 %). Linoleic acid 

(11.2 - 24.8 %) was main component of polyunsaturated fatty acids. Whereas the main saturated fatty 

acids were Palmitic acid (1.0 - 5.0 %) and Stearic acid (1.4 - 3.0 %). This result agreed with that reported 

previously by54 who found that the monounsaturated fatty acids were Oleic acid (18:1, ω-9), cis-11-

Eicosenoic acid (20:1, ω-9) and Erucic acid (22:1, ω-9) as well as the polyunsaturated fatty acids; 

Linoleic acid (18:2, ω-6) and α-Linolenic acid (18:3, ω-3). Whereas the main saturated fatty acids were 

Palmitic acid (16:0), Stearic acid (18:0) and Arachidic acid (20:0). 
 

The highest relative concentration of Oleic acid (63.3 and 64.4 %) were recorded with salinity at 

2.5 and 5 dS m-1
, respectively as compared with control which gave 64.8%.While increasing salinity 

level up to 7.5 dSm-1 decreased Oleic acid to 60.5% and increased the polyunsaturated fatty acid Linoleic 

acid to 20.1% as well as cis-11-Eicosenoic acid to 7.0 % and Erucic acid to 4.9 %. The composition of 

fatty acids is strictly connected with a genetic factor55. Such changes in fatty acid composition were 

attributed to the activity  of enzymes involved in  lipid synthesis and  conversion. The initial steps of fatty 

acid synthesis in oil seeds are localized in the plastids. Oleic acid is the main product of plastidal lipid 

synthesis, and is subsequently exported to the cytolsol. Cytololic desaturation of oleic acid to form PUFA 

(i.e. linoleic acid) is mediated by the enzyme oleate desaturase. The activity of this enzyme was put 

forward as an explanation for shifts in oleic acid / linoleic acid ratio in several crops under various types 

of stress, including salinity, drought, and heat56,57,58. The effect of salinity stress on fatty acids was 

previously reported by59 who found that Linolenic acid percentage in canola oil was increased due to salt 

stress as well as60 who demonstrated that fatty acids content of canola oil was increased due to increasing 

salinity. 
 

On  the  other  hand,  the  maximum  value  of  Oleic  acid  and  the  minimum  values  of  cis-11-

Eicosenoic acid and Erucic acid were recorded with the combination of selenium at 2 mg l-1 with boron 

at 4 mg l-1. The favorable effect of boron may be attributed to its involvement in several physiological 

and  biochemical  processes in the  plants23  including  seed oleic fatty acid61. This  result is  in  harmony  
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with52 who found that Oleic acid of soybean oil was increased and Linolenic acid was decreased with 

boron application. 
 

Moreover, The maximum relative concentrations (75.6 %) of Oleic acid and the lowest 
concentration of Linoleic acid (11.2 %) were obtained from plants irrigated with the lowest level of 

salinity 2.5 dS m-1and sprayed with selenium at 2 mg l-1 and boron at 4 mg l-1 while increasing salinity 

up to 7.5 dS m-1 combined with selenium at 2 mg l-1 resulted in the maximum values of Palmitic acid 

(5.0%) and Linoleic acid (24.8%) and the lowest value of Oleic acid (48.5 %). 
 

Table (3): Effect of selenium and boron on fatty acids composition of Brassica napus plants 

irrigated with saline water during 2013/2014 season 
 

Foliar 

Application 

(F) mg l-1 

Salinity (S) dS m-1 Salinity (S) dS m-1 

0  2.5  5 7.5 

Mean 

(F) 0 2.5 5 7.5 

Mean 

(F) 

   Palmitic acid   Linoleic acid  

Control 3.7  2.8  2.0 2.4 2.7 19.2 16.6 15.9 17.7 17.4 

Se1 2.5  3.4  3.1 5.0 3.5 18.0 17.9 19.3 24.8 20.0 

Se2 2.6  2.3  2.7 2.8 2.6 16.5 16.3 17.7 20.8 17.8 

B1 3.1  3.2  3.0 4.5 3.4 19.4 21.1 21.0 21.5 20.7 

B2 2.9  3.8  4.7 2.3 3.4 16.8 23.3 23.2 16.7 20.0 

Se1B1 3.3  2.9  2.2 1.0 2.4 19.3 17.0 16.7 17.9 17.7 

Se1B2 3.3  2.1  2.2 2.7 2.6 20.5 11.2 18.0 24.6 18.6 

Se2B1 2.1  3.1  3.8 2.6 2.9 15.4 19.0 22.2 20.2 19.2 

Se2B2 2.9  2.7  1.9 2.7 2.5 19.8 20.5 15.5 16.6 18.1 

Mean (S) 2.9  2.9  2.9 2.9  18.3 18.1 18.8 20.1  

     Oleic acid   Stearic acid  

Control 64.2  54.4  73.7 67.7 65.0 2.4 2.3 1.5 1.9 2.0 

Se1 60.8  63.1  62.4 48.5 58.7 2.2 1.9 2.4 2.4 2.2 

Se2 62.0  62.1  60.1 60.2 61.1 2.0 2.0 2.1 2.5 2.2 

B1 62.2  58.2  69.7 46.2 59.1 2.5 2.6 1.4 2.4 2.2 

B2 67.3  60.4  56.0 68.6 63.0 1.9 2.7 3.0 1.7 2.3 

Se1B1 59.3  68.0  61.6 70.1 64.8 2.1 1.9 2.0 1.6 1.9 

Se1B2 70.1  75.6  65.1 63.0 68.5 1.5 1.8 1.8 1.7 1.7 

Se2B1 70.2  61.3  64.8 56.1 63.1 2.0 2.1 2.8 1.8 2.1 

Se2B2 67.4  66.6  65.9 64.6 66.1 1.9 1.5 1.7 2.1 1.8 

Mean (S) 64.8  63.3  64.4 60.5  2.0 2.1 2.1 2.0  

   Cis-11-Eicosenoic acid   Erucic acid  

Control 4.0 11.5 3.8 5.2 6.1 2.6 10.3 1.8 3.7 4.6 

Se1 9.0 7.6 6.6 8.0 7.8 4.8 4.3 3.5 7.5 5.0 

Se2 8.6 9.4 8.5 6.9 8.3 6.2 6.3 6.7 3.4 5.6 

B1 5.4 8.2 1.5 10.8 6.5 3.8 3.6 0.9 10.8 4.8 

B2 5.3 3.7 6.5 5.7 5.3 3.7 2.1 2.9 3.6 3.1 

Se1B1 7.8 5.4 10.9 4.6 7.2 5.5 2.6 5.1 2.2 3.8 

Se1B2 1.4 5.6 7.2 3.5 4.4 0.8 2.7 4.2 1.7 2.3 

Se2B1 5.0 7.2 2.3 10.4 6.2 3.7 4.7 0.7 7.4 4.1 

Se2B2 3.7 3.3 6.6 8.2 5.4 2.0 3.6 6.6 4.1 4.1 

Mean (S) 5.6 6.9 6.0 7.0  3.7 4.5 3.6 4.9  

Se1 (Selenium 2 mg l-1), Se2 (Selenium 4 mg l-1), B1 (Boron 2 mg l-1), B2 (Boron 4 mg l-1) 
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3. Oil physical and chemical properties 
 

Data illustrated in Table (4) reveal that salinity had no significant effect on refractive index, 

specific gravity, ester number or iodine number and significantly decreased saponification number and 

acid number. 
 

Table (4): Effect of selenium and boron on physical and chemical properties of fixed oil of Brassica 

napus plants irrigated with saline water during 2013/2014 season. 
 

Foliar 

application 

(F) mg l-1 

Salinity (S) dS m-1 Salinity (S) dS m-1 

0 2.5 5 7.5  
Mean 

(F) 0 2.5 5  7.5  
Mean 

(F) 

  Refractive index    Specific gravity   

Control 1.68 1.68 1.68 1.68  1.68 0.95 0.95 0.90  0.85  0.91 

Se1 1.68 1.68 1.68 1.68  1.68 0.93 0.93 0.88  0.93  0.91 

Se2 1.68 1.68 1.68 1.68  1.68 0.93 0.80 0.95  0.93  0.90 

B1 1.68 1.68 1.68 1.68  1.68 0.88 0.85 0.93  0.93  0.90 

B2 1.68 1.68 1.68 1.68  1.68 0.88 0.88 0.95  0.78  0.87 

Se1B1 1.68 1.68 1.68 1.68  1.68 0.93 0.95 0.85  0.95  0.92 

Se1B2 1.68 1.68 1.68 1.68  1.68 0.85 0.95 0.82  0.95  0.89 

Se2B1 1.68 1.68 1.68 1.68  1.68 0.93 0.90 0.95  0.88  0.91 

Se2B2 1.68 1.68 1.68 1.68  1.68 0.83 0.93 0.93  0.95  0.91 

Mean (S) 1.68 1.68 1.68 1.68   0.90 0.91 0.91  0.91   

LSD at 5%   S ns F ns SF ns    S ns    F ns    SF 0.097 

  Saponification number   Acid number  

Control 174.5 187.6 199.4 189.6  187.8 0.94 0.55 0.99  0.60  0.77 

Se1 188.8 186.0 190.6 192.1  189.4 1.40 1.17 0.73  0.70  1.00 

Se2 213.9 196.3 176.9 193.0  195.0 0.70 0.85 0.57  0.79  0.73 

B1 189.2 177.4 179.5 202.0  187.0 0.98 0.66 0.78  0.68  0.77 

B2 188.9 205.1 191.3 188.8  193.5 0.68 0.65 0.46  0.65  0.61 

Se1B1 216.3 203.3 202.9 203.5  206.5 0.55 0.89 0.62  0.63  0.67 

Se1B2 186 185.6 208.0 189.4  192.3 0.65 0.76 0.64  0.66  0.68 

Se2B1 218.9 194.9 205.4 189.8  202.3 0.82 0.57 0.52  0.60  0.63 

Se2B2 218.1 216.9 188.8 186.2  202.5 0.92 0.66 0.70  0.67  0.74 

Mean (S) 199.4 194.8 193.6 192.7   0.85 0.75 0.67  0.66   

LSD at 5% S 3.95 F 5.92      SF 9.91  S 0.066    F 0.100    SF 0.167  

  Ester number   Iodine number  

Control 173.6 187.0 198.4 189.0  187.0 94.6 86.6 96.3  95.8  93.3 

Se1 187.4 184.8 189.9 194.7  189.2 90.9 92.4 93.7  94.1  92.8 

Se2 213.2 195.4 176.3 191.9  194.2 90.3 90.1 91.0  94.4  91.5 

B1 188.2 176.7 178.7 201.3  186.3 93.9 93.2 101.4 88.5  94.3 

B2 188.2 204.5 190.8 188.2  192.9 93.6 98.0 94.5  94.6  95.2 

Se1B1 215.7 202.4 202.3 202.9  205.8 92.3 93.9 89.5  97.2  93.2 

Se1B2 185.3 184.8 207.4 188.7  191.6 100.7 90.3 94.3  102.5  97.0 

Se2B1 218.1 194.3 204.9 189.2  201.6 93.7 93.2 99.0  92.6  94.6 

Se2B2 217.2 216.2 188.1 185.5  201.8 97.9 99.7 92.3  91.2  95.3 

Mean (S) 198.6 194.0 193.0 192.4   94.2 93.1 94.7  94.5   

LSD at 5% S ns     F 10.74     SF 17.96  S ns F ns SF ns  

Se1 (Selenium 2 mg l-1), Se2 (Selenium 4 mg l-1), B1 (Boron 2 mg l-1), B2 (Boron 4 mg l-1) 

 

 

 



427 E. M. Badawy et al /International Journal of PharmTech Research, 2016,9(10): 420-431. 
 

 

The application of selenium at 4 mg l-1 and boron at 4 mg l-1 on plants irrigated with the lowest 

concentration of salinity (2.5 dS m-1) resulted in the highest values of refractive index, specific gravity, 
saponification number, ester number and iodine number and the lowest value of acid number. 
 

The slight changes in oil properties may be due to that the oil properties are related to the oil 

quality genetics more than the environmental effects during plant growth in the field. The influences of 

boron on fixed oil properties may be attributed to that the oil quality of canola is often limited by the low 

availability of boron in soils26. 
 
4. Antioxidant activity of oil 
 

Data in Table (5) point out that increasing salinity levels either alone or combined with foliar 

spray of selenium and/or boron decreased oil antioxidant activity. The greatest value of oil antioxidant 

activity (80.4 %) was achieved with the lowest level of salinity (2.5 dS m-1).  
 

At the same time, the foliar spray with selenium and boron significantly affected oil antioxidant 

activity. The highest value (80.9 %) was resulted from spraying selenium at 2 mg l-1 combined with 

boron at 2 mg l-1. 
 

In addition, the combination between salinity, selenium and boron significantly affected the 

antioxidant activity of oil. The oil recorded its highest antioxidant activity (84.1 %) in the plants irrigated 

with tap water (0 dS m-1) and sprayed with selenium alone at 4 mg l-1. It was observed that, there were 

no significant differences between the highest value of oil antioxidant activity and many values recorded 

with higher salinity concentrations up to 7.5 dS m-1 and sprayed with different levels of selenium and 

boron. 
 

The antioxidant activity may be attributed to the presence of α-tocopherol, phenolic compounds, 

and unsaturated fatty acids. The lipid content may be changed due to oxidation of the oil which in turn 

affects the antioxidant potential of the oil62. Salt stress can also result in the accumulation of reactive 

oxygen species (ROS) in plants. The enhanced production of ROS can pose a threat to plants, but they 

are also believed to act as signals for the activation of the stress-response and defense pathways63. Either 

directly or indirectly via the regulation of antioxidants, selenium controls the production and quench of 

ROS64. In addition, its application at low concentrations enhanced antioxidative capacity of both mono-

and dicotyledonous plants65. 

 

Table (5): Effect of selenium and boron on antioxidant activity (%) of fixed oil of Brassica napus 

plants irrigated with saline water during 2013/2014 season. 
 

Foliar Salinity (S) dS m-1 
application 

0 

 

2.5 

 

5 

 

7.5 Mean (F) (F) mg l-1    

Control 78.2  82.1  79.2  79.0 79.6 

Se1 82.5  81.5  79.9  77.8 80.4 

Se2 84.1  82.6  79.2  77.4 80.8 

B1 82.5  80.3  78.8  79.7 80.3 

B2 70.2  77.8  79.0  78.0 76.3 

Se1B1 83.7  81.3  77.5  81.0 80.9 

Se1B2 81.8  78.9  79.6  75.9 79.0 

Se2B1 68.9  82.5  79.8  80.2 77.9 

Se2B2 82.2  76.9  78.8  79.2 79.3 

Mean (S) 79.3  80.4  79.1  78.7  

LSD at 5% S 0.68     F 1.02     SF 1.70   

Se1 (Selenium 2 mg l-1), Se2 (Selenium 4 mg l-1), B1 (Boron 2 mg l-1), B2 (Boron 4 mg l-1) 
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The regulating role of Se on the uptake and redistribution of some essential elements (S, Zn, Mn, 

Cu and Fe) especially the latter, is an important mechanism to stimulate the antioxidant system, decrease 

the levels of reactive oxygen species, and enhance chlorophyll biosynthesis pathways, thereby improving 

plant tolerance to stress64.  
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