
 

 

Available online freely at www.isisn.org 

Bioscience Research 
Print ISSN: 1811-9506 Online ISSN: 2218-3973 

Journal by Innovative Scientific Information & Services Network  

RESEARCH ARTICLE             BIOSCIENCE RESEARCH, 2018 15(4):3214-3230.         OPEN ACCESS 
  
 

Response of Nigella sativa growth, productivity and 
chemical constituents to foliar application by some 
antioxidant compounds 

Mohammed A. I. Abdelkader1, Asmaa A. Fahmy1,Hend A. Elakkad2 and  
Shaimaa Salah ELdeen Hussein3 

 
1Department of Horticulture, Faculty of Agriculture, Zagazig University, Egypt. 
2Department of Biochemistry, Faculty of Agriculture, Zagazig University, Egypt. 
3Department of Pharmacology, Faculty of Pharmacy, Jouf University, Saudi Arabia. 
  
*Correspondence: drkarima2012@gmail.com Accepted: 02Oct.2018 Published online: 28 Nov. 2018 

Two field experiments were conducted at the Experimental Farm of Faculty of Agriculture, Zagazig 
University during two consecutive winter seasons of 2106/2017 and 2017/2018. Aiming to study the 
effect of foliar application (eight treatments) with salicylic acid (SA), ascorbic acid (Vit.C), thiamin (Vit. 
B1) and their combinations between them as well as control (sprayed with tap water) on growth, yield 
and volatile and fixed oil production as well as chemical constituents of black cumin plant. These 
compounds were chosen because their effect on the growth was previously reported in animal models 
as well as in vitro. Plants were sprayed three times at 30, 45 and 60 days after sowing. Foliar spray of 
Nigella sativa plants with (SA+Vit.C+Vit.B1) at 100 mg/l of each increased plant growth parameters 
(plant height, branch number/plant and total dry weight), total chlorophyll in leaf tissues, yield 
components (capsule number/plant, seed yield/plant, seed yield/fad.), oil production(volatile and fixed 
oils %, volatile and fixed oils yield/plant and volatile and fixed oils yield/fad.) and chemical constituents 
(N, P, K and total carbohydrates percentages in seeds) compared to control and the other ones under 
study, in most cases. The main compounds of N. sativa seeds volatile oil as detected by GC/MS were p-
cymene (50.40-50.52%), alpha-Thujene (8.47-8.59%), Thymoquinone (7.14-7.26%), Longifolene (3.61-
3.73%), beta-Pinene (3.09-3.21%), Terpinen-4-ol (2.42-2.52%), and Carvacral (2.28-2.40%) which 
increased due to the effect of treatments. SA+Vit.C+Vit.B treatment resulted in higher values of yield 
components and main constituents of volatile oil compared with the control and other treatments, thus it 
seems to be recommended treatments.  

Keywords: Nigella sativa, salicylic acid, Vit. C, Vit. B1, growth, seed and oil yields and volatile oil composition. 

 
INTRODUCTION 

Black cumin, Nigella sativa L. plant belongs to 
Ranunculaceae family, common known as black 
cumin and it cultivated for seed yield and volatile 
and fixed oil production. The whole seeds contain 
30- 35 % of oil which has several uses for 
pharmaceutical and food industries (Ustun et al., 
1990).The volatile oils are complex mixtures of the 
compounds which mainly having monoterpenes, 

sesquiterpenes hydrocarbons with general 
formula (C5H8) as reported by Svoboda and 
Hampson (1999). The black cumin seeds are 
trigonous black regulose tubercular and used as a 
flavoring agent and as medicinal purposes. In the 
seed oil p-cymene was identified as the main 
component besides thymoquinone, α-pinene, 
dithymoquinone, thymohydroquinone and 
nigellone (Vardharajan, 1985). It was approved 
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from several researches on salicylic acid (SA) that 
it is effectively stimulated the growth and 
improved the behavioral performance, 
accompanied by a series of ameliorations in the 
antioxidative defense and anti-inflammatory 
response in experimental animals (Ma et al., 
2013). Additionally, SA was beneficial to the 
utilization of carbon source, thus leading to 
significant increase in the contents of 
polysaccharides (Wang et al., 2009). Moreover, 
Wu et al.  (2008) confirmed the antibiotic effect of 
exogenously applied salicylic acid in vitro. 
Recently effects of SA on plants have been 
studied. A large body of evidence indicated that 
SA plays critical roles in plants including 
respiration, stomatal movement, photo-
morphogenesis, seed germination and 
senescence (Clarke et al., 2000). Salicylic acid 
was classified as a plant hormone (Raskin, 1992). 
It plays a regulatory role in plant metabolism 
(Popova et al., 1997). Romani et al., (1989) 
proved that salicylic acid affects the biosynthesis 
of ethylene, stomatal movement and reserves the 
influence of ABA on leaf abscission. Salicylic acid, 
a natural signal molecule, has been shown to play 
an important role in regulating a number of 
physiological processes in plants. Its exogenous 
application to the plant has promoted its 
performance under biotic and abiotic stresses 
(Senaratna et al., 2000). The body weight studies 
showed that ascorbic acid (Vitamin C) promoted 
body weight gain and growth, also it was shown 
that it can counteracted the decreased body 
weight caused by some chemicals in experimental 
animals (Yang et al., 2017).Ascorbic acid is 
synthesized in the higher plants and influences 
plant growth and development and plays an 
important role in the electron transport system (El-
Kobisy et al., 2005). Blokhina et al., (2003) 
reported that ascorbic acid can be a regulator on 
cell division and differentiation and has an 
important role in a wide range of functions such as 
antioxidant defense, regulation of photosynthesis 
and growth. Ascorbic acid is a cofactor for many 
enzymes such as ones involved in the cell wall 
synthesis and hydroxylation of proline residues 
(Ishikawa et al., 2006). The efficiency of 
antioxidant such as salicylic acid and ascorbic 
acid in enhancing herb dry weight, umbels 
number, seed yield, volatile oil % and yield was 
studied by many authors, concerning salicylic acid 
application, Tanious (2008) on fennel and 
Hemdan (2008) on anise  and Abdou et al., (2012) 
on cumin. As for ascorbic acid, Rekaby (2013) on 
coriander, Eshak (2013) on caraway and Gahory 

(2012) on Nigella sativa,salicylic acid at 20 mg/L 
caused an increase in all vegetative parameters 
(plant height, stem diameter, number of branches, 
leaves number, dry weigh of shoot and roots ), 
weight 1000 seed and the active substances 
concentration nigelon of Nigella sativa 
(AL.Shybany and Yassen, 2013). Spraying fennel 
plants with ascorbic acid or salicylic acid improved 
plant growth, fruit yield and oil production. Foliar 
spray with ascorbic acid at 100 ppm gave the 
maximum values of herb dry weight, fruit yield and 
volatile oil yield. The highest values of umbel 
number/ plant were occurred by using ascorbic 
acid at 200 ppm in the first season and salicylic 
acid at 100 ppm in the second one. The 
application of ascorbic acid at 200 ppm registered 
the maximum values of volatile oil % (Ali et al., 
2017). Thiamine (Vitamin B1) is necessary for 
biosynthesis of the coenzyme thiamine 
pyrophosphate which has a role in carbohydrate 
metabolism (Hendawy and Ezz El-Din., 2010 and 
Gaurav et al., 2011). Recently, it was inferred that 
dietary supplementation of thiamine enhanced the 
growth performance, metabolic and immune 
responses in the animal-model (Tejpal et al., 
2017). Additionally, Bâ (2012) confirmed a major 
physiological role of thiamine in the homeostasis 
of body weight programming, increment and set 
point regulation in rats. In plants, it is synthesized 
in the leaves and is transported to the roots where 
it controls growth (Hendawy and Ezz El-Din., 
2010). Thiamine at 100 ppm resulted in the best 
values of growth characteristics, while thiamine at 
concentration of 50 ppm resulted in the highest 
essential oil percentage and yield of German 
chamomile (Ranjbar et al ., 2014). The objective 
of this study was to evaluate the effect of salicylic 
acid, ascorbic acid (Vit. C) and thiamin (Vit. B1) at 
100 mg of each and their combinations as foliar 
application on growth, yield and  seed oil yield of 
Nigella sativa as important medicinal plant, also, 
to investigate the possible effect of different 
antioxidant treatment on volatile oil composition of 
black cumin an economically important aromatic 
plant in Egypt.  
 

MATERIALS AND METHODS 
Two experiments were carried out during two 

successive winter seasons of 2016/2017 and 
2017/2018 at Experimental Farm, Faculty of 
Agriculture, Zagazig University, Egypt to study the 
effects of different antioxidant compounds of with 
salicylic acid (SA), ascorbic acid (Vit. C), thiamin 
(Vit. B1), SA+Vit. C, SA+Vit B1,  Vit B1+Vit. C and 
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SA + Vit.C+Vit B1as well as control (sprayed with 
tap water) on growth, yield, chemical constituents 
and volatile and fixed oil production and its 
constituents of black cumin plants. Black cumin 
seeds were kindly supplied from Department of 
Medicinal and Aromatic Plants, HRI, ARC, Giza, 
Egypt.SA, Vit. C and VitB1, were obtained from 
Techno-gene (TG) company, Dokky, Giza. The 
experiment included eight treatments were 
arranged in a randomized complete block design 
with three replicates. Seeds were sown directly in 
soil on 20th and 22th October during the first and 
second seasons, respectively. The experimental 
unit area was 3×3.6 m2. Each experimental unit 
contained six ridges with 3 m long. The distance 
between ridges was 50 cm and distance between 
plants in the same ridge was 25 cm in one side of 
the ridge. About 4-5 seeds were sown per hill, and 
then thinned after 21 days from sowing to two 
plants/hill. All agricultural practices were carried 
out as recommended. The mechanical and 
chemical properties of the experimental farm soil 
are shown in Table 1. 
Table 1. Physical and chemical properties of 
the experimental farm soil (average of the two 
seasons). 

Mechanical analysis Soil texture 

Clay (%) Silt (%) Sand (%) 
Clay 

40.50 33.20 26.30 

Plant growth:  
Twelve random plants from each treatment 

were used to determine the following growth 
characteristics; plant height (cm), branch number 
per black cumin plant, total dry weight/plant (g) 
and root length (cm). 

Yield components:  
At harvesting, the central ridges of each plot 

were used for yield components determination of 
black cumin plants. Number of capsule /plant, 
seed yield/plant (g) were recorded then seed yield 
per feddan (Kg) was calculated. 

Volatile and fixed oil production:  
The volatile oil from air-dried fruits of 

coriander plant was isolated by hydro distillation 

for 3 hr in order to extract the essential oils 
according to Guenther (1961). 
In addition, fixed oil percentage of black cumin 
was extracted using petroleum ether in a soxcelt 
system HT apparatus according to the methods of 
A.O.A.C. (1984).Also, volatile and fixed oil yield 
per plant (ml) was calculated by multiplying 
volatile and fixed oil percentage by seed yield per 
plant. Volatile and fixed oil per feddan was 
calculated by multiplying the volatile and fixed oil 
yield per plant by weight of seeds per feddan for 
each treatment, respectively. 

Chemical constituents:  
Total carbohydrates in black cumin seed was 

estimated (Dubois et al., 1956). Total nitrogen, 
phosphorus and potassium percentages were 
determined in fruits according to Naguib (1969), 
Hucker and Catroux (1980) and Brown and 
Lilleland (1946), respectively. In addition, total 
chlorophyll content a+b (mg/g) was determined in 
stevia leaves according to Mazumder and 
Majumder (2003). 

Identification of components of Nigella sativa 
seeds volatile oil: For identification of 
components, analytical HP 5890 gas 
chromatograph equipped with FID (GC) was 
performed a DELSI 121 C apparatus fitted with a 
flame ionization detector and a CP WAX 51 fused 
silica column (25×0.3 mm; 0.25 µm film 
thickness). Temperature was programmed from 
50 °C for 5 min and to reach 220 °C at the rate of 
3 °C per min. ACP WAX 51 fused silica WCOT 
column (60×0.3 mm) for GC/MS was used with 
helium as carrier gas (flow rate 1 ml/min) and 
coupled to a HP mass spectrometer: ionization 
energy 70 eV. Temperature programming was 
from 50-240 °C at the rate 3 °C/min. The samples 
were injected at 240 °C.  The components were 
identified on the basis of comparisons of their 
retention indices and mass spectra with published 
data (Massda, 1976 and Adams, 2001) and 
computer matching was done with the Wiley 275 
and National Institute of Standards Technology 
(NIST 3.0) libraries provided with the computer 
controlling the GC–MS system. The retention 
index was calculated for the volatile constituents 
using a homologous series of C8–C16 n-alkanes. 

 
Chemical analysis 

 
pH 

EC 
m.mohs/  

cm 

Organic 
matter (%) 

Soluble cations (meq./l) Soluble anions (meq./ l) 
Available 

(ppm) 

Mg++ Ca++ K + Na + Cl- HCO3 - SO4 - - N P K 

7.88 1.3 2.05 2.8 1.5 1.3 3.8 4.5 1.5 3.4 220 90 190 



Abdelkader et al.,                                          Impact of antioxidant compounds in Nigella sativa. 

 

                                        Bioscience Research, 2018 volume 15(4): 3214-3230                                                   3217 

 

Statistical Analysis: 
Data of the present work were statically 

analyzed and the differences between the means 
of the treatments (antioxidants type) were 
considered significant when they were more than 
the least significant differences (L.S.D) at the 5% 
level by using computer program of Statistic 
version 9 (Analytical Software, 2008). 
 
RESULTS AND DISCUSSION 

1- Plant growth  
Data in Table 2 or Fig. 1 show that foliar spray of 
Nigella sativa plants with salicylic acid (SA), 
vitamin C (Vit. C)  and vitamin B1 (Vit.B1) single or 
in combinations had significant effect on plant 
height, branch number/plant, total dry weight/plant 
and   root length in both seasons. Spraying black 
cumin plants with SA + Vit.C and Vit.B1 at 100 
mg/l of each gave the tallest plants and recorded 
maximum number of branches/plant, total dry 
weight/plant and root length followed by SA +Vit.C 
at 100 mg/l of each in the two seasons. The 
increases in total dry weight/plant were about 3.14 
and 2.15 g/plant for SA at 100 mg/l, 2.02 and 0.85 
g/plant for Vit.C at 100 mg/l,2.0 and 0.79g/plant 
for Vit.B1 at 100 mg/l, 4.49 and 3.11 g/plant for SA 
+ Vit.C at 100 mg/l of each, 0.76 and 0.11 g/plant 
for SA + Vit.B1 at 100 mg/l of each, 1.37 and 0.5 
g/plant for vit.C +Vit.B1 at 100 mg/l of each and 
5.94 and 4.58 g/plant for SA + Vit.C + Vit.B1 at 
100 mg/l of each over the control in the 1st and 2nd 
seasons, respectively. The stimulative effect of 
SA, Vit.C and Vit.B1 at 100 mg/l of each on total 
dry weight/plant may be due to that SA+Vit.C and 
Vit.B1 at 100 mg/l of each increased plant height 
and number of branches/plant. Salicylic acid (SA), 
a natural signal molecule, has been shown to play 
an important role in regulating a number of 
physiological processes in plants. Its exogenous 
application has promoted plant performance 
under biotic and abiotic stresses (Senaratna et 
al.,2000). Ascorbic acid (Vitamin C) is synthesized 
in the higher plants and influences plant growth 
and development and plays an important role in 
the electron transport system (El-Kobisy et al., 
2005). 
Ascorbic acid can be a regulator on cell division 
and differentiation and has an important role in a 
wide range of functions such as antioxidant 
defense, regulation of photosynthesis and growth 
(Blokhina et al., 2003). In plants, thiamine 
(Vitamin B1) is synthesized in the leaves and is 
transported to the roots where it controls growth 

(Hendawy and Ezz El-Din., 2010). These results 
are in harmony with those reported by Tanious 
(2008) on fennel and Hemdan (2008) on anise  
and Abdou et al., (2012) on cumin sativa 
concerning salicylic acid ,Rekaby (2013) on 
coriander, Eshak (2013) on caraway, Gahory 
(2012) on Nigella sativa and Ali et al.,  (2017)  on 
fennel with respect to ascorbic acid and Ranjbar 
et al., (2014) on German chamomile concerning 
Vit.B1. Salicylic acid at 20 mg/L caused an 
increase in all vegetative parameters (plant height 
, stem diameter , number of branches , leaves 
number, dry weigh of shoot and roots) of Nigella 
sativa (AL.Shybany and Yassen, 2013). 
 
2-Seed yield components and total chlorophyll 
content: 
Spraying with SA, Vit.C andVit.B1 single or in 
combinations increased capsule number/plant, 
seed yield/plant and seed yield/fed. Compared to 
the control in both seasons (Table 3 or Fig.2). 
Foliar spray with SA, Vit.C and Vit.B1 at 100 mg/l 
of each significantly increased number of 
capsule/plant, seed yield/plant and seed yield/fed. 
Followed by SA+Vit.C at 100 mg/l in both 
seasons. 
The increases in seed yield/fed. were about 
177.63 and 182.30 kg/fed. For SA at 100 mg/l, 
66.20 and 101.92 kg/fed. forVit.C at 100 mg/l, 
156.35 and 161.73 kg/fed. forVit.B1 at 100 mg/l, 
262.30 and 244.16 kg/fed. for SA +Vit.C at 100 
mg/l of each, 8.51 and 20.00 kg/fed. for SA + 
Vit.B1 at 100 mg/l, 45.92 and 77.73 kg/fed. 
forVit.C + Vit.B1 at 100 mg/l and 335.55 and 
295.23 kg/fed. for SA +Vit.C and Vit.B1 for 100 
mg/l over the control in the 1st and 2nd seasons, 
respectively. The stimulative effect of SA + vit.C 
and vit. B1 at 100 mg/l of each on seed yield/fed. 
of Nigella sativa may be due to that SA,Vit. C and 
vit.B1 at 100 mg/l of each increased plant growth 
(Table 1), total chlorophyll in leaf tissues (Table 4 
or Fig 3) and number of capsule/plant (Table 3). 
The efficiency of antioxidant such as salicylic acid 
and ascorbic acid in enhancing umbels number, 
seed yield and yield was studied by many authors, 
concerning salicylic acid application, Tanious 
(2008) on fennel and Hemdan (2008) on anise  
and Abdou et al., (2012) on cumin and 
AL.Shybany and Yassen ( 2013) on Nigella sativa. 
As for ascorbic acid, Rekaby (2013) on coriander, 
Eshak (2013) on caraway and Gahory (2012) on 
Nigella sativa. Thiamine at concentration of 50 
ppm resulted in the highest yield of German 
chamomile (Ranjbar et al., 2014). 
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Table 2. Effect of antioxidants on growth parameters of Nigella sativa plant during 2016/2017 and 
2017/2018 seasons 

Antioxidants 
Treatments 

Plant height 
(cm) 

Branch number/ 
plant 

Dry weight/ 
plant (g) 

Root 
length (cm) 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Control 56.33 51.67 4.67 5.33 8.94 10.40 7.33 6.83 

SA 71.67 70.67 8.33 9.33 12.08 12.55 10.00 10.67 

Vit.C 61.67 62.67 7.67 7.33 10.96 11.25 9.67 9.17 

Vit.B 64.00 62.33 8.33 8.00 10.94 11.19 10.33 10.67 

SA+vit.C 73.00 72.00 10.00 9.33 13.43 13.51 11.50 11.33 

SA+vit.B 57.00 52.33 5.33 6.00 9.70 10.51 8.17 8.83 

Vit.C+Vit.B 61.33 62.67 5.33 6.67 10.31 10.90 8.50 8.83 

SA+Vit.C+Vit.B 76.67 79.67 11.33 10.67 14.88 14.98 12.83 12.50 

LSD at 5% 4.49 3.83 1.18 1.51 1.16 1.22 1.05 1.04 

 

 
Figure.1. Effect of antioxidants on growth parameters of Nigella sativa plant during 2016/2017 and 
2017/2018 seasons 
 
Table 3.Effect of antioxidants on yield components of Nigella sativa plant during 2016/2017 and 
2017/2018 seasons. 
 

Antioxidants 
Treatments 

Capsule number/ 
plant 

Seed yield/plant 
(g) 

Seed yield/fed. 
(kg) 

1st 2nd 1st 2nd 1st 2nd 

Control 8.00 8.33 3.067 3.073 206.08 206.53 

SA 17.67 18.33 5.780 5.717 388.38 384.16 

Vit.C 12.33 12.67 4.067 4.590 273.28 308.45 

Vit.B 13.00 14.33 5.393 5.480 362.43 368.26 

SA+vit.C 20.00 21.00 6.970 6.707 468.38 450.69 

SA+vit.B 9.33 10.33 3.193 3.490 214.59 234.53 

Vit.C+Vit.B 11.67 11.67 3.750 4.230 252.00 284.26 

SA+Vit.C+Vit.B 23.00 23.33 8.060 7.467 541.63 501.76 

LSD at 5% 1.08 1.04 0.979 0.836 65.80 56.20 
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Figure 2. Effect of antioxidants on yield components of Nigella sativa plant during 2016/2017 and 
2017/2018 season 
 
Table 4. Effect of antioxidants on total chlorophyll content (mg/g) of Nigella sativa plant during 
2016/2017 and 2017/2018 seasons. 
 

Antioxidants treatments 

Total chlorophyll 
content (mg/g) 

1st 2nd 

Control 1.097 1.130 

SA 1.260 1.253 

Vit.C 1.190 1.203 

Vit.B 1.210 1.213 

SA+vit.C 1.277 1.297 

SA+vit.B 1.157 1.163 

Vit.C+Vit.B 1.163 1.173 

SA+Vit.C+Vit.B 1.340 1.360 

LSD at 5% 0.042 0.015 
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Figure 3.Effect of antioxidants on total chlorophyll content (mg/g) of Nigella sativa plant during 
2016/2017 and 2017/2018 seasons.

3-Volatile oil production 
The obtained results in Table 5 or Fig.4indicate 
that foliar spray of Nigella sativa plants   with SA, 
Vit.C and Vit.B1 single or in combinations at 100 
mg/l of each gave the highest values of volatile 
oil%, volatile oil yield/plant and volatile oil 
yield/fed. Compared to the control   in both 
seasons. Spraying with SA, Vit.C and Vit.B1 at 
100 mg/l of each significantly increased volatile oil 
%, volatile oil yield/plant and volatile oil yield/fed. 
Followed by SA + Vit.C at 100 mg/l of each during 
both seasons. 
The application of ascorbic acid at 200 ppm 
registered the maximum values of volatile oil % of 
fennel (Ali et al., 2017). 

4- Fixed oil production 
The data   in Table 6 or Fig. 5show that fixed oil 
was more volatile oil in Nigella sativa 
seeds.  Spraying with SA, Vit.C and Vit.B1 single 
or combinations at 100 mg/l of each reflect 
significant effect on fixed oil %, fixed oil yield/plant 
and fixed oil yield/fed. in both seasons. SA, Vit.C 
and Vit.B1 at 100 mg/l of each increased fixed oil 
%, fixed oil yield/plant and fixed oil yield/fed. 
followed by SA and Vit.C at 100 mg/l of each in 
both seasons. The increases in fixed oil yield/fed. 

were about 51.22 and 49 l/fed. for SA at 100 
mg/l,21.57 and 27.91 l/fed. forVit.C  at 100 mg/l,  
41.89 and 42.51 l/fed. for Vit.B1 at 100 mg/l, 72.72 
and 66.92 l/fed. for SA + Vit.C at 100 mg/l of each, 
6.86 and 8.5 l/fed. for SA + Vit.B1 at 100 mg/l of 
each and 96.10 and 86.44 l/fed. for SA, Vit.C and 
Vit.B1 at 100 mg/l of each over the control in the 
1st and 2nd seasons, respectively. The stimulative 
effects of SA, Vit.C and Vit.B1 at 100 mg/l of each 
on fixed oil yield/fed. may be due to SA, Vit.C and 
Vit.B1 at 100 mg/l of each increased seed 
yield/fed. (Table 3 or Fig. 2) and fixed oil 
percentage in Nigella sativa (Table 6 or Fig. 
5).Thiamine at concentration of 50 ppm resulted in 
the highest essential oil percentage of German 
chamomile (Ranjbar et al., 2014). 
5- N, P, K and total carbohydrates percentages 
Foliar spray with SA, Vit.C and Vit.B1 at 100 mg/l 
of each significantly increased N, P, K and total 
carbohydrates in seeds with no significant 
differences with SA and Vit. C at 100 mg/l with 
respect to total carbohydrates (Table 7 or Fig. 6). 
Thiamine (Vitamin B1) is necessary for 
biosynthesis of the coenzyme thiamine 
pyrophosphate which has a role in carbohydrate 
metabolism (Hendawy and Ezz El-Din, 2010 and 
Gaurav et al., 2011).  
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Table 5.Effect of antioxidants on volatile oil of Nigella sativa plant during 2016/2017 and 2017/2018 
seasons. 
 

Antioxidants 
treatments 

Volatile oil 
percentage 

Volatile oil/plant 
(ml) 

Volatile oil/fed. 
(l) 

1st 2nd 1st 2nd 1st 2nd 

Control 0.227 0.233 0.006 0.007 0.471 0.484 

SA 0.350 0.337 0.020 0.019 1.362 1.293 

Vit.C 0.290 0.300 0.012 0.014 0.790 0.925 

Vit.B 0.297 0.320 0.016 0.017 1.079 1.180 

SA+vit.C 0.357 0.333 0.025 0.022 1.669 1.503 

SA+vit.B 0.247 0.253 0.008 0.009 0.530 0.593 

Vit.C+Vit.B 0.277 0.287 0.011 0.012 0.698 0.816 

SA+Vit.C+Vit.B 0.363 0.353 0.029 0.026 1.965 1.773 

LSD at 5% 0.024 0.026 0.003 0.002 0.241 0.189 

 
 

 
 
 

Figure 4. Effect of antioxidants on volatile oil production of Nigella sativa plant during 2016/2017 
and 2017/2018 seasons 
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Table 6. Effect of some antioxidants on fixed oil of Nigella sativa plant during 2016/2017 and 
2017/2018 seasons 

 

Antioxidants treatments 
Fixed oilpercentage Fixed oil/plant (ml) Fixed oil/feddan (l) 

1st 2nd 1st 2nd 1st 2nd 

Control 20.78 21.66 0.639 0.666 42.97 44.79 

SA 24.25 24.44 1.401 1.397 94.19 93.91 

Vit.C 23.63 23.57 0.960 1.082 64.54 72.70 

Vit.B 23.42 23.71 1.263 1.299 84.86 87.30 

SA+vit.C 24.69 24.78 1.722 1.663 115.69 111.71 

SA+vit.B 23.22 22.74 0.742 0.793 49.83 53.29 

Vit.C+Vit.B 23.35 23.57 0.873 0.997 58.68 66.99 

SA+Vit.C+Vit.B 25.69 26.12 2.070 1.953 139.07 131.28 

LSD at 5% 1.00 0.637 0.231 0.228 15.55 15.35 

 
 
 
 

 
 

Figure 5. Effect of some antioxidants on fixed oil of Nigella sativa plant during 2016/2017 and 
2017/2018 seasons 
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Table 7. Effect of antioxidants on chemical constituents of Nigella sativa plant during 2016/2017 
and 2017/2018 seasons 

 
Antioxidants 
 treatments 

Total carbohydrates % Nitrogen % Phosphorus % Potassium % 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Control 15.67 15.83 2.75 2.87 0.251 0.236 2.05 2.16 

SA 17.47 18.12 3.52 3.46 0.332 0.328 2.51 2.76 

Vit.C 16.32 16.76 3.27 3.32 0.292 0.285 2.27 2.43 

Vit.B 17.20 17.38 3.35 3.41 0.301 0.305 2.68 2.66 

SA+vit.C 18.07 17.95 3.60 3.58 0.362 0.355 2.63 2.76 

SA+vit.B 16.02 16.34 3.01 2.99 0.264 0.254 2.41 2.62 

Vit.C+Vit.B 16.29 16.25 3.19 3.22 0.284 0.285 2.30 2.63 

SA+Vit.C+Vit.B 18.08 18.64 3.80 3.77 0.400 0.392 2.90 2.96 

LSD at 5% 0.92 1.09 0.12 0.09 0.015 0.020 0.18 0.13 

 

 
 

Figure 6. Effect of some antioxidants on chemical constituents of Nigella sativa plant during 
2016/2017 and 2017/2018   seasons 

 
6. Volatile oil (VO) yield and composition  
Data presented in Table 8 or Fig. 7   indicated that 
antioxidant treatments had a positive effect on VO 
content (%).Treatments of antioxidants caused a 
pronounced increment in both VO content and 
yield compared with the control treatments. The 
combination by different antioxidants as 
(SA+Vit.C+Vit.B) treatment resulted in the 
maximum values of VO Content (0.35%). 
Twenty two compounds were identified in VO 
extracted From N. sativa seeds, accounting for 
88.19-90.83 of total components, and belong to 
four Chemical main classes, Monoterpene 
hydrocarbons (MTH) class was major one (69.92-
71.12%), the remaining fractions as Oxygenated 
Monoterpene (MTO), Sesquiterpene  
 

 
Hydrocarbons (STH) and Oxygenated  
Sesquiterpene (STO) formed the minor classes. 
The main compounds of N. sativa seeds VO as 
detected by GC/MS were p-cymene (50.40-
50.52%), alpha-Thujene (8.47- 8.59%), 
Thymoquinone (7.14-7.26%), Longifolene(3.61-
3.73%), beta-Pinene (3.09-3.21%), Terpinen-4-ol 
(2.42-2.52%), and Carvacral (2.28- 2.40%) which 
increased due to the effect of treatments. SA+ 
Vit.C+Vit.B treatments resulted in higher values of 
main constituents compared with the control and 
other treatments.  
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Table 8. Effect of some antioxidants on volatile oil composition of Nigella sativa (%) during 2017/2018 season 
 

Test results of volatile oil compounds (Area %) 

No. of 
compound 

Identified 
compound 

Structure RIa 
Antioxidants Treatments  

Control SA Vit.C Vit.B SA+vit.C 
SA+vit

.B 
Vit.C+Vit.B 

SA+ 
Vit.C+Vit.B 

1 alphaThujene 

 
MF C10H16 
MW 136 

930 8.47 8.58 8.54 8.56 8.57 8.49 8.53 8.59 

2 alpha-Pinene 

 
MF C10H16 
MW 136 

936 2.52 2.63 2.59 2.61 2.62 2.54 2.58 2.64 

3 Sabinene 

MF 
C10H16 

MW 136 

973 1.12 1.23 1.19 1.21 1.22 1.14 1.18 1.24 

4 beta-Pinene 

 
MF C10H16 

MW 136 

978 3.09 3.20 3.16 3.18 3.19 3.11 3.15 3.21 

5 Myrcene 

 
MF C10H16 

MW 136 

979 0.10 0.21 0.17 0.19 0.20 0.12 0.16 0.22 
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6 p-cymene 
 

MF C10H14 

MW 134 

1025 50.40 50.51 50.47 
50.4

9 
50.50 50.42 50.46 50.52 

7 limonene 

MF C10H16 
MW 136 

1032 1.58 1.69 1.65 1.67 1.68 1.60 1.64 1.70 

8 alpha-Terpinene 

 
MF C10H16 

MW 136 

1058 0.74 0.85 0.81 0.83 0.84 0.76 0.80 0.86 

9 Terpinolene 

MF C10H16 

MW 136 

1089 0.08 0.19 0.15 0.17 0.18 0.10 0.14 0.20 

10 Linalool 
 

MF C10H18O 
MW 154 

1096 1.10 1.21 1.17 1.19 1.20 1.12 1.16 1.22 

11 Camphor 

 
MF C10H16O 

MW 152 

1143 0.70 0.81 0.77 0.79 0.80 0.72 0.76 0.82 

12 1,8- Cineole 

 
MF C10H18O 

MW 154 

1034 tr 0.11 0.07 0.09 0.10 tr tr 0.12 
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13 gamma-Terpinene 
 

M F C10H16 

MW 136 

1062 1.83 1.94 1.90 1.92 1.93 1.85 1.89 1.95 

14 Terpinen-4-ol 

 
MF C10H18O 

MW 154 

1176 2.42 2.53 2.49 2.51 2.52 2.44 2.48 2.54 

15 p-Cymen-8-ol 

MF C10H14O 
MW 150 

1185 0.15 0.26 0.22 0.24 0.25 0.17 0.21 0.27 

16 alpha-Terpineol 
 

MFC10H18O 
MW 154 

1188 0.08 0.19 0.15 0.17 0.18 0.10 0.14 0.20 

17 Myrtenol 

 
MF C10H16O 

MW 152 

1199 0.30 0.41 0.37 0.39 0.40 0.32 0.36 0.42 

18 Thymoquino-ne 

 
MF C10H12O 

MW 164 

1250 7.14 7.25 7.21 7.23 7.24 7.16 7.20 7.26 

19 Carvacral 

MF C10H14O 
MW 150 

1298 2.28 2.39 2.35 2.37 2.38 2.30 2.34 2.40 
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20 Longifolene 

 
MF C15H24 

MW 204 

1406 3.61 3.72 3.68 3.70 3.71 3.63 3.67 3.73 

21 Coumarin 

MFC9H6O2 
MW 146 

1430 0.11 0.22 0.18 0.20 0.21 0.13 0.17 0.23 

22 
Thymohydr-

oquinone 

 
MFC10H14O2 

MW 166 

1556 0.40 0.51 0.47 0.49 0.50 0.42 0.46 0.52 

Not identified 88.19 90.61 89.73 90.17 90.39 88.63 89.51 90.83 

Total identified 11.82 9.40 10.28 9.83 9.62 11.38 10.50 9.18 

volatile oil percentage 0.23 0.34 0.3 0.32 0.33 0.25 0.29 0.35 

MTH b 69.92 71.02 70.62 70.82 70.92 70.12 70.52 71.12 

MTO c 14.15 15.14 14.78 14.96 15.05 14.33 14.69 15.23 

STH d 3.61 3.72 3.68 3.70 3.71 3.63 3.67 3.73 

STO e 0.40 0.51 0.47 0.49 0.50 0.42 0.46 0.52 

 
a(RI):The retention index, tr: trace b (MTH ): Monoterpene Hydrocarbons, c(MTO ): Oxygenated Monoterpene d (STH ): Sesquiterpene 
Hydrocarbons, e(STO ): Oxygenated Sesquiterpene (MF):  Molecular Formula, (MW): Molecular Weight. 
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Figure 7. Effect of some antioxidants on volatile oil composition of Nigella sativa (%) during 
2017/2018 season 
 
The chemical classes of N. sativa VO were 
changed in all treatments compared with the 
control. 
VOs are a mixture of various compounds, also 
known as secondary metabolites, with apeculiar 
taste, useful in modern industry. For example, p-
cymene found in N. sativa essential oil is a 
terpenoid compound originating in the mevalonic 
acid cycle (Aftatuni, 1982), which is a long 
biochemical pathway with many enzymes acting 
on it. Changes in enzymes activity modify the 
content of their substrate or product, improving 
essential oil quality (Maia et al., 2001). 

CONCLUSION 
From the foregoing results, it could be 

concluded that foliar spray of Nigella sativa plants 
with SA, Vit. C and Vit. B1at 100 mg/l of each 
increased plant growth parameters (plant height, 
branch number/plant and total dry weight), total 
chlorophyll in leaf tissues, capsule umber/plant, 
seed yield/plant, seed yield/fed., volatile and fixed 
oils percentage, volatile and fixed oils yield/plant 
and volatile and fixed oils yield/fed., N, P, K and 
total carbohydrates in seeds. 
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