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ABSTRACT 
A laboratory study was conducted to evaluate the oil contents and its fatty acids, total phenolic 

compounds and total flavonoid compounds in seed and callus induced from tissue culture of two rocket 
genotypes. The influence of genotype explants type and growth regulators type and concentrations on callus 
induction was investigated.  

Results strongly showed that there were significant differences between two rocket genotypes. The 
highest values of all parameters were obtained from Coltivata genotype. Callus was induced from two explants 
type on MS medium containing different combinations of 2,4-D  and Kinetin as well as NAA and BA. Growth 
of the callus of cotyledon explants was more vigorous than that formed from explants of stem segments. Media 
containing NAA in combination with BA stimulated the formation of green compact calli while soft, friable, 
yellow calli were formed on media containing 2,4-D and kinetin 

The fatty acids profile analysis revealed that both essential and non essential fatty acids were present in 
the oil of different samples of this study.  Green callus oil had the highest amount of Erucic acid (C22) followed 
by seed oils and yellow callus of Coltivata and Balady genotypes, respectively.  Oleic acid (C18:1) was the 
second fraction found in the green callus oil, while Linolenic acid (C18:3) was the second fraction of yellow 
callus oil as well as seed oil of the two rocket genotypes. Coltivata genotype had the highest amount of total 
phenolic and flavonoid content in green and yellow callus induced from tissue culture as well as in seed with 
exception of seed of Balady genotype had relatively phenolic compounds higher than seed of  Coltivata 
genotype.  
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Introduction 
 

Rocket (Eruca sativa) belongs to the family Brassicaceae and is grown as a vegetable, medicinal and 
oilseed crop (Bianco 1995; Lamy et al., 2008; Alqasoumi et al., 2009). Rocket seeds have high oil contents, 
protein glucosinolate and erucic acid contents and commonly used as animal feed in Asia, particularly in India 
and Pakistan (Flanders and Abdulkarim, 1985; Kanya and Urs, 1989; Kim and Ishii, 2006). Oil extracted from 
its seed is reported to have aphrodisiac properties (Khoobchandani et al., 2010). A major compound extracted 
from rocket is erucic acid a long-chain fatty acid (C22) that is commonly used as industrial lubricant (Batra and 
Dhingra, 1991; Pignone and Gomez-Campo, 2011). This oil is a suitable bio-diesel alternative (Li et al., 2009; 
Li, 2011) and has outperformed jatropha, castor, and canola oils as a potential source of biodiesel due to its high 
oxygen content and high combustion rate (Chakrabarti et al., 2011). The incorporation of the seed-oil meal 
byproduct or the use of E. sativa as a green manure crop decreases soil-borne populations of weeds, nematodes, 
and pathogenic fungi (Tiyagi and Alam, 1995; Riga et al., 2006; Gulfraz et al., 2011). Phytochemistry of rocket 
has shown a wide range of health-promoting secondary metabolites (Lamy et al., 2008; Jin et al., 2009; Ozdener 
and Aydin, 2010; Sadiq et al., 2014). The importance of phenolic and flavonoids compounds as antioxidant in 
the maintenance of health and protection against coronary heart disease and cancer is also of raising interest 
among scientists, food manufactures and consumers (Alam et al., 2007; Mradu et al., 2012; Abbasi et al., 2013). 
This trend leads the future toward functional food with specific health effects.  

Unfortunately, direct utilization of E. sativa in a breeding program has been limited owing to the 
occurrence of strong inappropriateness barriers with other Brassica species. Biotechnological improvement of 
fatty acid composition will certainly lead to additional demand for vegetable oils in food, feed, and bio-based 
industrial materials. In vitro culture of cells, tissues or organs provides the accessibility to important secondary 
metabolites. Production of these metabolites by plant cell and tissue culture has many advantages such as 
standardization and improvement of products quality (Zobayed et al., 2004; Khodadadi et al., 2013). 

 In addition, Plant cell culture is considered as an effective system for the study of the biological 
importance of bioactive metabolites in vitro (Yanpaisan et al., 1999). Rocket is amenable to tissue regeneration 
and both shoot organogenesis and somatic embryogenesis from a variety of explants, including cotyledons, 
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hypocotyls, zygotic embryos, and mesophyll protoplast, have been achieved on Murashige and Skoog medium 
(Murashige and Skoog, 1962) supplemented with either a-naphthaleneacetic acid (NAA) and 6-benzyladenine 
(BA) or indole-3-acetic acid (IAA) and BA (Ahloowalia, 1987; Sikdar et al., 1987; Parkash et al., 1989; Batra 
and Dhingra, 1991; Zhang et al., 2005; Chen et al., 2011; Salter et al., 2011). Eruca undergoes androgenesis by 
either anther culture (Branca and Cacopardo, 1998) or microspore culture (Leskovsek et al., 2008). 

The purpose of present study was to establishment an efficient protocol for callus formation of rocket 
using different genotypes, explants type and growth regulators with various concentrations. In addition, 
determine the oil content, total phenolics and flavonoids content in seed and callus induced from tissue culture 
of two rocket genotypes.  

Materials and Methods: 

The present experiment was conducted in the Biotechnology Laboratory, Faculty of Agriculture 
Research Park, Benha University, Egypt to evaluate the oil contents and its fatty acids, total phenolic 
compounds and total flavonoid compounds in seed and callus induced from tissue culture of two rocket 
genotypes. The influence of genotype explants type and growth regulators type and concentrations on callus 
induction was investigated.  

Plant material: 

Two genotypes of rocket (Eruca sativa) the local genotype Balady and Coltivata (Italy) were obtained 
from the Preservation Germplasm Laboratory of the Department of Horticulture, Faculty of Agriculture, Benha 
University. 

Establishment of aseptic plants: 

For establishing aseptic cultures of rocket growing in vitro, dry mature seeds were surface sterilized. 
Sodium hypochlorite a common disinfectant surface sterilize plant tissues was used. Seeds of the rocket 
genotypes were immersed in a 2.5% sodium hypochlorite for 10 min which is present in commercial bleach 
solutions (Clorix). Then they were rinsed 3 times with sterile distilled water for 5 min each. During immersion 
and rinsing the solution was stirred on a shaker at 200 rpm under the laminar air flow hood. The sterilized seeds 
were placed into sterile tissue culture jars  containing a half concentrated basal MS medium (Murashige and 
Skoog 1962) supplemented with B5 vitamins (Gamborg et al.,1968), 3.0% sucrose and solidified with 0.7% 
Oxoid-Agar. The medium was adjusted to pH 5.8 before autoclaving at 121°C and 1.2 kg/cm2 to 1.3 kg/cm2 
pressure for 20 min. All cultures were incubated at 25°C ±1°C under florescent light (2000 LUX) and a 16 h 
photoperiod. 

Induction of callus: 

Explants of cotyledon and stem segments (0.5-1.0 cm) of two rocket genotypes were taken from aseptic 
plants 7 days old after in vitro germination of the seed and cultured horizontally on the MS medium.  Explants 
induction media for all experiments contained 7 g/l agar and 30 g/l sucrose. Explants were sub-cultured every 4 
weeks. The MS media were adjusted to 5.8 pH prior autoclaving at 121°C for 20 minutes. Cultures were 
incubated on MS medium containing different plant growth regulators as the following: 0.5, 1, or 2 mg/l 2, 4- D 
as auxin alone or in combination with 0.5, 1 or 2 mg/l kinetin comparing with another growth regulators 
analogue, 0.5, 1 or 1.5 mg/l NAA in combination with 0.5, 1 or 2 mg/l BA. Callus cultures were maintained on 
the same medium and sub cultured every 4 weeks on a fresh medium to get the required amount of callus. 

 
Chemical investigation: 
 
Preparation of powder extract: 
 

Seeds and callus induced from tissue culture of two rocket genotypes under study were extracted by 
liquid nitrogen. Ten grams of frozen tissues were ground in mortar with pestle and extracted 100 ml of 80% 
methanol by maceration (48 h). 
 
Oil extraction and fatty acid analysis: 
 

The oil of callus tissues and rocket seed was extracted by hydro-distillation according to Guenther 
(1960).  Fatty acid methyl ester (FAME) was prepared by treating 10 mg of lipid with two mL hexane followed 
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by the addition of 0.2mL of 2 M methanolic KOH. The tube was vortexed for two minutes at room temperature 
and after a light centrifugation aliquot of the hexane layer that was collected for GC analysis. All gas 
chromatography analysis was performed on a Perkin Elmer, Clarus 500 series under the following condition: 
Column, HP Innowax capillary: 60.0m x 0.25mm x 0.25 um, oven temperature programme. The column held 
initially at 60°C for 5 minutes after injection, then increased to 140°C with 10°C/min. heating ramp for 20 
minutes and increased to 200°C with 5°C/min heating ramp for 20 minutes. Then temperature was increased to 
220°C with 5°C/min heating ramp for 20 min. Injector temperature 250°C, detector (FID) temperature 275°C, 
carrier gas H2: inlet pressure 45 psi linear, gas velocity 39 cm/sec, column flow rate 2.4 mL/min; split ratio, 40:1 
and injector volume 1μL. The chromatogram was collected for identification of different fatty acid compounds 
present in E. sativa seed oil and callus tissues oil and was compared with Nist library. 
 
Determination of total phenolics: 
 

The total phenols of powdered rocket seeds and callus were spectrophotometrically determined by 
Folin Ciocalteu reagent assay according to Singleton and Rossi (1965), using gallic acid as a standard compound 
for the preparation of calibration curve (20–120 mg/l). Total phenolics content of samples was measured at 670 
nm and expressed as mg gallic acid equivalents (GAE)/g dry weight. All samples were analyzed in triplicates. 
 
Determination of total flavonoid content: 
 

Total flavonoid content of rocket extracts was spectrophotometrically determined by the aluminum 
chloride method using quercetin as a standard (Zhishen et al., 1999). After incubation at room temperature 
samples were measured at 512 nm and expressed as mg quercetin equivalents (QE)/g fresh weight. Samples 
were analyzed in triplicates. 
 
Experimental design and Statistical analysis: 
 

Experiments were arranged in a completely randomized block design with 3 replications. Data were 
estimated as the mean and its standard error of the different traits. The calculations were done using Microsoft 
Excel 2010 program. 

 
Results: 
Callus formation: 

It is advantageous to clonally multiply tissue by initiation of callus growth from different explants 
types. Experiments were performed to monitor the rate of callus tissues formation which are a good source for 
secondary plant production. Dry mature seeds were surface sterilized with sodium hypochlorite for establishing 
aseptic cultures of rocket growing in vitro (Figure 1). Explants from cotyledon and stem segments of aseptic 
rocket plants were used to obtain a high amount of callus. Different growth regulators in various concentrations 
were tested for their ability to induce callus. The growth/size of callus tissues that had developed from different 
explants was recorded four weeks after tissue culture initiation (Figure 1).  

The results presented in table 1, revealed that callus formed from cotyledons and stem segments of 
each of the two rocket genotypes. Higher number of callus was obtained with the two genotypes when the 
primary culture was conducted on MS medium containing 2,4-D as a plant growth regulators. In cotyledon 
explants derived from Balady and Coltivata genotypes, different 2,4-D concentrations were tested alone or in 
combination with kinetin. Results in table 1 indicated that 2 mg/l 2,4-D with 0.5 mg/l kinetin was the best 
concentration giving the biggest size of callus as well as the highest percentage of callus formation (100%). In 
regard to cotyledon explants derived from Balady genotype, the biggest size of callus was 12.6 mm and 13.2 
mm of cotyledon explants derived from Coltivata genotype. Reducing 2,4-D concentration in the presence or in 
the absence of kinetin resulted in decreasing of callus induction as well as callus size of both genotypes. 

When using stem segments as explant tissues 63 % callus formation was obtained on media contained 
2 mg/l of 2,4- D in combination with 0.5 mg/l kinetin of genotype Balady, while for Coltivata genotype 78% of 
stem segments formed callus (table 1). The biggest size of callus derived from stem segments was 7.3 mm and 
8.0 mm of Balady and Coltivata genotypes respectively. Reducing 2,4-D concentration in the presence or in the 
absence of kinetin resulted in decreasing of callus induction as well as callus size of both genotypes (Table 1).  

To determine the best growth regulators analogue, different concentrations of NAA in combination 
with BA was performed (Table 2). Results indicated that callus formed from cotyledons and stem segments of 
each of the two rocket genotypes. Higher number of callus was obtained with the two genotypes when the 
explnts of cotyledons and stem segments were conducted on MS medium containing 1mg/l NAA with 2 mg/l 
BA, but the callus formation of stem segments increased and that of cotyledon explants decreased compared 
with other growth regulators analogue  (Tables 1).  In regard to cotyledon explants derived from Balady 
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genotype, the highest number of callus formation was 90% and the biggest size of callus was 10.6 mm. 
However, 95% of cotyledon explants induced callus with biggest size of 9.6 mm for Coltivata genotype.  

The frequency of callus formation from stem segments among two rocket genotypes was observed. 81 
% callus formation was obtained on media contained 1 mg/l of NAA in combination with 2.0 mg/l BA of 
genotype Balady, while for Coltivata genotype 82% of stem segments formed callus (Table 2). The biggest size 
of callus derived from stem segments was 8.2 mm and 7.7 mm of Balady and Coltivata genotypes respectively. 
Generally, growth of the callus of cotyledon explants was more vigorous than that formed from explants of 
hypocotyl. Additionally, two types of callus were observed depending on the hormonal treatments. Media 
containing NAA in combination with BA stimulated the formation of green compact calli while soft, friable, 
yellow calli were formed on media containing 2,4-D and kinetin (Figure 1). 
 
 

 

Figure 1: Establishing aseptic cultures of rocket Balady genotype and formation of calli derived from different 
explants types. 
Callus was observed one month after initiation of the cultures. a: sterilized dry mature rocket seed, b: 
aseptic rocket plant after 7 days of seed germination, c: Cotyledons, d: Stem segments, e:Yellow 
callus formation on MS medium containing 2 mg/l 2,4-D and 0.5 mg/l kinetin, f: Green callus 
formation on MS medium containing  mg/l NAA and 2 mg/l BA . 

 
Table 1. Effect of the concentration and combination of 2,4-D  and kinetin on callus induction in different types of explants of Balady and 

Coltivata rocket genotypes. 
Growth 

regulator 
(mg/l) 

Balady Coltivata 

2,4-D Kinetin 

Cotyledon Stem segment Cotyledon Stem segment 
Callus size 

(mm) 
(mean value ± 

SE) 

Callus 
formation 

% 

Callus size 
(mm) 

(mean value 
± SE) 

Callus 
formation 

% 

Callus size 
(mm) 

(mean value 
± SE) 

Callus 
formation 

% 

Callus size 
(mm) 

(mean value 
± SE) 

Callus 
formation 

% 

0.5 0 8.0 ± 0.9 90 4.8 ± 0.4 35 10.1 ± 1.0 93 5.3 ± 0.8 40 
1 0 10.0 ± 0.6 90 5.0 ± 0.1 40 11.3 ± 05 95 5.0 ± 0.1 47 
2 0 11.4 ± 0.6 95 5.7 ± 0.2 55 11.9 ± 0.7 96 7.7 ± 0.7 62 

0.5 0.5 6.0 ± 0.5 80 3.7 ± 0.2 30 3.9 ± 1.0 83 4.0 ± 0.3 39 
1 0.5 7.9 ± 0.2 92 5.2 ± 0.1 45 3.8 ± 0.1 95 6.7 ± 0.3 44 
2 0.5 12.6 ± 0.4 100 7.3 ± 0.3 63 13.2 ± 0.9 100 8.0 ± 0.5 78 

0.5 1 4.5 ± 0.3 75 3.0 ± 0.5 25 4.5± 0.3 80 3.8 ± 0.2 30 
1 1 7.2 ± 0.2 85 4.2 ± 0.3 37 7.7 ± 0.4 85 4.5 ± 0.2 42 
2 1 10.2 ± 0.9 93 5.3 ± 0.7 50 11.0 ± 0.3 95 7.1 ± 0.1 67 
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Table 2. Effect of the concentration and combination of NAA and BA on callus induction in different types of explants of Balady and 

Coltivata rocket genotypes.. 
Growth 

regulator 
(mg/l) 

Balady Coltivata 

NAA BA 

Cotyledon Stem segment Cotyledon Stem segment 
Callus size 

(mm) 
(mean value ± 

SE) 

Callus 
formation 

% 

Callus size 
(mm) 

(mean value ± 
SE) 

Callus 
formation 

% 

Callus size 
(mm) 

(mean value ± 
SE) 

Callus 
formation 

% 

Callus size 
(mm) 

(mean value ± 
SE) 

Callus 
formation 

% 

0.5 0.5 4.0 ± 0.5 53 4.1 ± 0.4 70 5.6 ± 0.6 53 4.3 ± 0.6 79 
1 0.5 4.0 ± 0.6 55 3.9 ± 0.1 75 4.0 ± 0.2 62 4.0 ± 0.9 82 

1.5 0.5 5.6 ± 0.5 60 3.9 ± 0.1 87 5.0 ± 0.2 64 4.0 ± 0.4 87 
0.5 1 6.7 ± 0.3 87 5.5 ± 0.2 63 7.0 ± 0.6 90 4.8 ± 0.2 60 
1 1 5.4 ± 0.2 65 4.6 ± 0.0 85 4.8 ± 0.3 65 4.0 ± 0.4 87 

1.5 1 5.9 ± 0.5 70 5.0 ± 0.3 95 5.3 ± 0.5 68 4.3 ± 0.3 100 
0.5 2 9.9 ± 0.7 87 6.5 ± 0.5 60 7.6± 0.4 92 6.5 ± 0.2 63 
1 2 10.6 ± 0.5 90 8.2 ± 0.2 81 9.6 ± 0.3 95 7.7 ± 0.2 82 

1.5 2 10.0 ± 1.0 88 6.8 ± 0.2 89 9.0 ± 0.3 82 7.3 ± 0.3 92 

 

Chemical analysis:  

Chemical compositions of the rocket oils from callus and seed: 

Data presented in table 3 indicate that the oil content and its fatty acids composition of the two 
different rocket genotypes revealed some differences. In addition, the qualitative and quantitative oil 
composition derived from callus tissues and seed were varied. The average oil content of seed extract was 
28.6% and 32.2% of Balady and Coltivata genotypes, respectively (Table 3). Green callus of Coltivata genotype 
had the highest amount of total oil content (35.4%), followed by green callus of Balady genotype (34.4%). The 
lowest amount of total oil content was in yellow callus 27.5% and 26.8% of Coltivata and Balady genotypes, 
respectively (Table 3). The fatty acid profile analysis revealed that both essential and non essential fatty acids 
were present in the oil of different samples of this study. However, erucic acid (C22:1) was the main fraction 
found in the seed oil as well as in the callus tissues. Green callus oil of Coltivata and Balady genotypes had the 
highest amount of Erucic acid (42.1% and 41.5%), while yellow callus oil had 36.1% and 35.9%, respectively. 
Seed oil of Balady and Coltivata genotypes had 39.8% and 37.2% respectively. However, the differences 
between the samples of this study were in the second fraction in the oil content. Oleic acid (C18:1) was the 
second fraction found in the green callus oil 15.2% and 15.0% of Coltivataa and Balady genotypes, respectively, 
while Linolenic acid (C18:3) was the second fraction of yellow callus oil as well as seed oil of the two rocket 
genotypes (Table 3). 
 
Table 3: Percentage composition of the oil and its fatty acid from seed and callus of two rocket genotypes. 
Total oil content 
and fatty acid 
composition (%) 

Balady Coltivata 

 Seed Yellow callus Green callus Seed Yellow callus Green callus 

Oil (%) 28.6 26.8 34.3 32.2 27.5 35.4 
C16:0 5.9 4.1 6.1 6.4 5.2 5.2 
C16:1 0.1 0.1 0.2 0.2 0.1 0.2 
C18:0 1.6 2.1 2.1 1.8 2.3 1.8 
C18:1 13.9 14.9 15.0 13.1 14.4 15.2 
C18:2 10.4 9.1 9.7 9.5 8.9 9.3 
C18:3 15.7 20.3 14.5 18.2 18.9 14.6 
C20:1 11.4 11.9 10.0 12.2 12.4 10.4 
C22:0 1.2 1.6 1.1 1.4 1.7 1.2 
C22: 1 39.8 35.9 41.5 37.2 36.1 42.1 

 
Total phenolics flavonoids content: 
 

Results in figure 2 showed that total phenolic content was varied according to the genotype as well as 
samples type. The total phenolic content of Balady genotype was 25.7%, 26.9% and 27.3% in seed, yellow 
callus and green callus tissues, respectively. However, in Coltivata genotype total phenolic content was 24.4%, 
27.1% and 29.2% in seed, yellow callus and green callus tissues, respectively. 

Regarding the total flavonoid content of two rocket genotypes, it was obvious that green callus tissues 
of Balady genotype had the highest percentage of total flavonoid content 25.2% followed by yellow callus 
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tissues 24.5% and seed 23.1%. Moreover, the total flavonoid content in green callus tissues of Coltivata 
genotype was 26.4%, from yellow callus 24.9% and 24.2% from seed (Figure 2). 
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Fig. 2: Determination of total phenolic and total flavonoids compound in seed and callus of two rocket 

genotypes. All values are the average of three replicates. 
 
 
Discussion: 
 

The most important finding of this study is the development of a high amount of callus, and its 
utilization in production of secondary plant compounds of Eruca sativa.  
 
Callus Induction: 
 

In Eruca sativa, tissue cultures has been attained using hypocotyl explants (Zhang et a1., 2005; Chen et 
al., 2011; Slater et al., 2011 ), cotyledon explants (Zhang et a1., 2005; Chen et al., 2011; Slater et al., 2011), 
cotyledon petiole explants (Chen et al., 2011), leaf explants (Abbasi et al., 2013), immature seeds (Ahloowalia, 
1987), mesophyll protoplasts (Sikdar et al., 1987), and isolated microspores (Leskovsek et al., 2008), and the 
present study showed that using explants derived from, cotyledons  and stem segments are a viable alternative 
for callus induction in Eruca sativa. Our results confirm that rocket has a high a capacity to produce callus as 
already shown by several authors (Zhang et a1., 2005; Chen et al., 2011; Slater et al., 2011; Abbasi et al., 2013). 
Callus induction and morphogenic response of different genotype tested were controlled by interaction between 
genotype, explants type and growth regulators. 
 
Growth regulators: 
 

Callus formation are normally begun in culture medium containing high auxin levels (mainly 2,4-D). In 
Eruca sativa, the most commonly used auxin is 2,4-D, alone or in combination with kinetin or  NAA with 
kinetin or with BAP.  In a previous report, 2.0 mg/1 BA  0.5 mg/1 NAA and 2.0 mg/1 Kinetin  0.2 mg/1 NAA 
produced 93.3% callus from cotyledonary explants of E. sativa (Parkash et al., 1989). Similar percentage callus 
induction was recorded for 5.0 mg/1BA, 5.0 and 10.0 mg/1 Kinetin and combination of 10.0 mg/1 Kinetin with 
1.0 mg/l NAA (Abbasi et al., 2013). Sikdar et al. (1987) found 5.0 mg/1 of BA with  0.75 mg/1 NAA produced 
optimum morphogenic response in mesophyll protoplasts of E. sativa. However, an addition of 2,4 D induced 
embryogenesis in E. sativa (Sikdar et al., 1987; Zhang et al., 2005). Newer regeneration protocols focus on 
somatic embryogenesis and indicate that 4.5 μM 2, 4-D with or without kinetin in hypocotyl or cotyledonary 
explants of E. sativa will give greater than 6 % regeneration (Zhang et al., 2005; Chen et al., 2011). The 
efficiency of using hypocotyl versus cotyledonary explants is likely protocol or genotype based (De Block et al., 
1989; Pental et al., 1993; Christey et al., 1997). Cotyledonary explants are more efficient for somatic 
embryogenesis (Zhang et al., 2005; Chen et al., 2011); whereas hypocotyl explants worked best for shoot 
organogenesis. 

The callus was observed initially green in color which became greenish-yellow with the passage of 
time signifying different metabolic changes in growth (Abbasi et al., 2013). Slater et al. (2011) obtained better 
percentage of green callus and shoot production from hypocotyl segments than cotyledonary explant in E. 
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sativa. Nonetheless, contrary observations were made by Parkash et al. (1989) and Batra and Dhingra (1991). 
Thus, incorporation of NAA into medium already having BA enhanced explant response. However, addition of 
NAA into medium containing Kinetin/ GA3 did not produce any significant change in results (Abbasi et al., 
2013).  

The presented results showed that the highest number of callus obtained from various explant types and 
different genotypes were induced on MS medium supplemented with 2 mg/l 2,4-D with 0.5 mg/l kinetin or 2,4-
D alone. These results indicated that stress induction through high auxin concentration, especially 2,4-D, is 
required for induction of callus in rocket. In addition, media containing NAA in combination with BA 
stimulated the formation of green compact calli while soft, friable, yellow calli were formed on media 
containing 2,4-D and kinetin 
 
Genotypic differences: 
 

Effects of different types and concentrations of growth regulators and genotypes on the callus induction 
of Eruca sativa are shown in tables 1 , 2  and figure 2. The main effect of genotypes showed that Coltivata 
genotype yielded callus and different chemical compositions higher than Balady genotype. Stem segments and 
cotyledons were examined for inducing high callus capacity, with cotyledon explants giving significantly better 
percent callus formation than stem segments (Table 1 and 2). Slater et al., 2011 found that large amounts of 
callus and shoot production from hypocotyls segments compared to cotyledonary petiole explants. These results 
differ from previous studies with rocket, where cotyledonary petioles or nodes produced more callus and shoot 
than hypocotyls (Parkash et al., 1989; Batra and Dhingra, 1991). The higher level of regeneration from 
hypocotyls segments compared to cotyledonary petiole explants maybe due to genotype differences (De Block 
et al., 1989; Pental et al., 1993; Christey et al., 1997; Pignone and Gomez-Campo, 2011). 
 
Oil contents and its fatty acids: 
 

According to the results in table 3 the oil content and its fatty acids fractions was varied according to 
samples type. The oil content of rocket ranged from 26.8% to 35.4%.  
Green callus had the high amount of oil followed by seed and yellow callus respectively. However, contents of 
oil depend on many factors including maturity of the seed, samples type and genotype differences (Flanders and 
Abdulkarim, 1985; Khodadadi et al., 2013). 
In present investigation, erucic acid had the high concentration of essential oil extracted from all samples type. 
In addition, mono and polyunsaturated fatty acids like linolenic acid methyl ester (C18:3), Oleic acids (C18:1), 
cis-11- eicosenoic acid methyl ester (C20:1) and linoleic acid were abundant. Presence of these fatty acids 
support edible uses of rocket seeds as well as callus tissues indicating that oil contained valuable fatty acids 
required for edible purposes (Flanders and Abdulkarim, 1985). E. sativa cultivars with reduced amounts of 
erucic acid and glucosinolate levels are needed to make the oil and meal acceptable for human and animal 
nutrition (Kanya and Urs, 1989; Lamy et al., 2008). Alternatively, cultivars with increased amounts of these 
anti-nutritive compounds would make the crop more attractive as an industrial oil, medicinal crop, or 
biofumigant. Many workers believed that antimicrobial activity of rocket oil is mainly due to higher 
concentration of Erucic acid, which was present in both free and triglyceride form (Khoobchandani et al., 2010). 
Essential oil especially Erucic acids was present in high concentration those are responsible for antibacterial 
activity, that could be used for the preparation of drugs required for human and animal health (Riga et al., 2006; 
Alam et al., 2007). However, present results confirm that rocket has a high a capacity to produce oil from callus 
tissues and seed. 
 
Phenolic and flavonoids compounds: 
 

The other classes of phytochemicals present in Eruca sativa are phenolic and flavonoids compounds. 
Results in figure 2 showed that all samples type had high amount of phenoloic and flavonoids compound. 
Coltivata genotype had the highest amount of total phenolic and flavonoids content in seed as well as callus 
induced from tissue culture compared with Balady genotype. These results are in agreement with Sadiq et al. 
(2014) who found that all aerial parts of E. sativa were rich in Phenolics and seeds extract contained the highest 
amount of phenolics compared to all other aerial parts.  Gulfraz et al., (2011) reported that Eruca seed extract 
contains important secondary metabolite such as flavonoids, alkaloids, tannins, phenols, saponins, ascorbic acid 
and those are used as remedies of many diseases and frequently required in traditional medicines. Consumption 
of green vegetables with reduced severity of several health diseases including cardiovascular diseases and 
cancer were correlated (Kim and Ishii, 2006; Jin et al., 2009). These beneficial effects are attributed to a range 
of phytochemicals including flavonoids and glucosinolates in Eruca spp. Phenolics and flavonoids were shown 
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to play major role in detoxification of free radicals in aqueous extracts of E. sativa (Jin et al., 2009; Abbasi et 
al., 2013).  
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