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Abstract 

The in vitro regeneration, adventitious root culture and antioxidant activity 
of different regenerated tissues of Brassica oleracea var. acephala were 
investigated. Indirect shooting was induced from leaf explant of in vitro 
seed derived plants on MS medium containing different plant growth 
regulators. The optimum callus formation was observed on MS medium 
containing Naphthalene Acetic Acid (NAA, 1.0 mg/l) and 6-Benzyladenine 
(BA or BAP, 1.5 mg/l) or Thidiazuron (TDZ, 2.5 mg/l) + NAA (1.0). After 
subculturing the callogenic explant on MS medium containing TDZ (2.0 
mg/l) + NAA (0.5 mg/l), 85 % shooting was achieved. Further subculturing 
on MS medium containing TDZ (2.5 mg/l) + NAA (1.0 mg/l) resulted into 
shoots with maximum number (12) and optimum length (5.4 cm) per 
explant. Rooting of elongated shoots was achieved on MS medium 
containing NAA (1.0 mg/l).  

Adventitous roots were induced from leaf explant of B. oleracea var. 
acephala on MS medium supplemented with auxins; NAA, IAA and IBA with 
concentration of 0.1, 0.5, 1, 1.5 mg/l for each plant growth regulator. Best 
adventitious rooting was achieved at MS medium containing 1 mg/l NAA 
with maximum 87 % rooting, 35 roots per explant, 2.986 g Fresh Weight 
(FW) and0.238 Dry Weight (DW). Effect of sucrose concentration and pH 
was also studied for adventious rooting at MS medium containing 1 mg/l 
NAA. MS medium with 3 % sugar strength was recorded as the best 
medium on which maximum 93 % adventious rooting with 2.23 g FW and 
0.1 g DW were recorded. 5.8 were recorded as the optimum pH for 
induction of adventitious rooting on which 85.5 % rooting; 2.33 g FW and 
0.186 g DW were recorded. These roots were sub-cultured in shake flask 
and increase in biomass was determined after each week, tell maximum 
biomass per 30 ml media was achieved. 

The antioxidant activity of regenerated tissues was determined and 
optimum scavenging activity was found in seed derived plants (36.58 %) 
followed by regenerated (27.5 %) and lowest activity (7.8 %) was in AR 
directly excised from leaf after induction followed callus (23.4 %).  

Key Words: Brassica oleracea var. acephala; organogenesis, Adventitious 
root culture, Thidiazuron, 6-Benzyladenine, Naphthalene Acetic Acid, Fresh 
Weight, Dry Weight, Antioxidant activity. 



Chapter 1                                                                                                                   Introduction 

 

 Page 1 
 

1.  INTRODUCTION 

The genus Brassica belongs to Brassicaceae or mustard family (syn. Cruciferae), 

comprise of 350 genera and 3000 species (Cogbill et al., 2010; Musgrave 2000). In 

Pakistan it is distributed by 92 genera and 250 species (Jafri, 1973) and distinguished by 

its two-segmented fruit and unique conduplicate arrangement of the cotyledons or first 

leaves in the seed (Gómez-Campo, 1999; Warwick and Sauder, 2005). This genus 

comprises of economically important edible and industrial oilseed, vegetable, condiment, 

and fodder crops (Cogbill et al., 2010; Musgrave, 2000). Most of its members have 

potential for production of bio fuel, pharmaceutical products and can be manipulated for 

molecular farming (Gugel and Falk, 2006; Warwick et al., 2007).  More than these, the 

considerable importance of Brassica vegetables, Brassica oleracea, a highly diversified 

group of crops grown worldwide (Monteiro and Lunn, 1998) and subdivided into six 

groups/morph types (Snogerup, 1980) which are, 1) Kale (var. acephala) includes green 

kale, marrow stem kale, collard; 2) Cabbage (var. capitata) includes headed cabbage, 

Brussels sprouts, Savoy cabbage and others; 3) Kohlrabi (var. gongylodes); 4) 

Inflorescence kale (var. botrytis, var. italica) that includes cauliflower, broccoli, 

sprouting cabbage; 5) Branching bush kale (var.. fruticosa); and 6) Chinese kale (B. 

alboglabra) (Demir & Balkaya, 2005). These different crops are tough to distinguish, 

except for certain strains of cabbage, broccoli and tropical type cauliflower.  

B. oleracea var. acephala, a diploid plant with 9 pairs of chromosomes, making total 

nucleic acid content of about 696-765Mbp (Johnston et al., 2005) is one of the oldest 

form of cabbage, originated before 2000BC in eastern Mediterranean region as a food 

crop, from where it spread to other part of the world through travellers and immigrants 

(Nieuwhof, 1969). It is commonly accepted that the origins of cabbage are North 

European countries, the Baltic Sea coast, and the Mediterranean region (Monteiro & 

Lunn, 1998). It is an annual cold season (15-20C
0
) crop, grows in soil of neutral pH (6.6-

7.5), up to height of 0.4-2 meters, with alternate wavy margined large leaves and 

terminates with inflorescence of yellow colour. The flower has four sepals, a two celled 

superior ovary of a single large stigma and style, sex stamens two of which have short 

filaments (Dikson and Wallance, 1986).  

The members of Brassicaceae are highly nutritious; being sources of minerals (Na, Ca, 

Mg, K, and P were analysed in lamina and petioles by Almeida and Rosa in 1994), 
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vitamins (Vitamin C, 107mg/100g according to Sikora et al., 2008) and also contains 

essential amino acids (Rosa, 1999) but have low caloric value (24-34 Kcal/100g) because 

of low protein content, an average content of fibre (2.5/100 g) (Heimler et al., 2006). All 

green leafy vegetables contain important dietary cartenoids, but the B. oleracea var. 

acephala contain the highest amount of Lutien and ß-carotene (Kopsell et al., 2004). 

Carotene is yellow, orange and red pigment a lipid soluble plant derived secondary 

metabolite that along with Chlorophyll a and b harness sunlight and found in plants 

bounded with specific proteins, while Lutein is an oxygenated xanthophyll (Tracewell et 

al., 2001). Medicinally the intake of ß-carotene, α-carotene and lutein are useful in 

prophylactic treatment of  pulmonary cancer (Le Marchand et al., 1993) as well as for 

reducing chronic eye diseases, cataract and  age related macular degeneration (Johnson et 

al., 2000).  Other than these, species of B. oleracea contain phenolics (flavonoids and 

hydroxycinnamic acid derivatives) and glucosinolates (Cartea et al., 2008; Vallejo et al., 

2004) which are bioactive compounds and have been identified in foliar parts of B. 

oleracea var. costata (Ferrers et al., 2007 & 2005) and seeds (Ferreres et al., 2009).  The 

anticancer activity of B. oleracea is mainly associated with the presence of two 

isothiocyanates namely sulforaphane (1-isothiocyanato-4-methylsulphinylbutane) and 

iberin (1 isothiocyanato-3-methylsulphinylpropane) derived respectively from the 

precursor Glucosinolates, glucoraphanin and glucoiberin mostly abundant in broccoli, 

cabbage, kale, cauliflower, watercress and Brussels sprouts (Wang et al., 2005). 

Furthermore, seeds of Brassicaceae members have been characterized for 

sinapoylcholine (or sinapine), which is thought to serve as a storage form of choline and 

sinapic acid for germinating seedlings (Hemm et al., 2003).  

Biotechnological tools are important for multiplication and genetic enhancement of the 

medicinal plants by adopting techniques such as in-vitro regeneration and genetic 

transformations. The biotechnological tools are important to select, multiply and 

conserve the critical genotypes of medicinal plants (Tripathi and Tripathi, 2003).  In vitro 

regeneration that offers a great opportunity for a rapid production of desirable and 

genetically identical plants (Lazzeri and Dunwell, 1986; Msikita and Skirvin, 1989) as 

well as an efficient in vitro regeneration system is a key step in genetic engineering of 

the crop (Cao and Earle, 2003) and Plant cell, tissue and organ culture is often an 

effective system to study the biological significance of bioactive metabolites under in 

vitro conditions, as well as for producing natural products for bioprocess applications 
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(Paek et al., 2005; Saifullah et al., 2008). The regeneration potential of plants is 

mitigated by the use of phytohormones, such as kinetin or benzyladenine would enhance 

shoot proliferation and root formation (Arnison et al., 1990) and various concentrations 

of auxins such as α-naphthalene acetic acid (NAA), indolebutyric acid (IBA) and 

indoleacetic acid (IAA) have been evaluated for rooting of in vitro regenerated shoots of 

broccoli and cauliflower (Vandemoortele et al., 1999; Widiyanto and Erytrina, 2001). 

While Thidiazuron (TDZ), a substituted phenyl urea (N-phenyl N' 1, 2, 3- thiadiazol–5-

ylurea) is primarily used as a cotton defoliant (Eapen et al., 1998), and aids in rapid plant 

regeneration of a number of plant species (Chand et al., 1999; Seelye et al., 1994; 

Kanakis and Demetriou, 1993; Malik and Saxena, 1992). 

Roots of various plants are biosynthetic factories or depots of nutritionally or 

pharmaceutically potent metabolites such as alkaloids, polyacetylene, sesquiterpenes and 

napthoquinones (Carvalho and Curtis, 1998). But biotechnology made possible 

adventitious root culture, postembryonic root that arises from stem, leaves, callus and 

other non pericycle tissues of old roots, which have the potential for commercial scale 

vegetative propagation of plants (Li et al., 2009; Esau, 1977; Barlow, 1986) as well as 

strain improvement and species conservation (Holobiuc and Blindu, 2006) in the world.  

For example Hypericum perforatum, a medicinal plant has been found difficult to 

automate large scale regeneration of plants from leaves, hypocotyls, stem cuttings and 

stamens (Zobayed and Saxena, 2003). Goel et al., (2009) obtained shoot organogenesis 

from in vitro grown roots in liquid medium of this specie for consistent and large scale 

micropropagation.  

Reactive oxygen species (ROS) which are produced during normal course of cell 

metabolism inactivated or neutralized by natural antioxidative defence mechanism. 

Natural antioxidant mechanisms include antioxidant enzymes i.e. superoxide dismutase, 

catalase and glutathione peroxidise while some non-enzymatic components i.e. 

antioxidant vitamins and some antioxidative micronutrients which are taken from the 

diet. Anyhow, when these natural antioxidative mechanisms are compromised, it leads to 

oxidative stress (Kanehira et al., 2003).   

Oxidative stress has been involved in numerous diseases and disorders (Halliwell, 1995; 

Rackova et al., 2007) such as cancer (Kinnula and Crapo, 2004), cardiovascular disease 

(Singh and Jialal, 2006), neural disorders (Sas et al., 2007), Alzheimer‟s disease (Smith 

et al., 2000) mild cognitive impairment (Guidi et al., 2006), Parkinsons disease (Bolton 
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et al., 2000), alcohol induced liver disease (Arteel, 2003), ulcerative colitis 

(Ramakrishna et al.,1997), ageing (Hyun et al., 2006), atherosclerosis (Upston et al., 

2003). 

Plants that are rich in flavonoids, lignans and related phenolic compounds are ideal 

sources of natural antioxidants (Kanehira et al., 2003). The antioxidant activity of plant 

extract is primarily due to phenolic compounds (Yesil-Celiktas et al., 2007). Phenolic 

compounds are commonly found in both edible and non-edible plants. They are 

important in the plant for normal growth development and defence against infection and 

injury. The presence of phenolic compounds in injured plants may have an important 

effect on the oxidative stability and microbial safety. Although phenolic compounds do 

not have any known nutritional function, they may be important to human health because 

of their antioxidant potency (Hertog et al., 1995; Shadidi and Nazck, 1995; Hollman et 

al., 1996). Biotechnological methods based on in vitro culture of tissues and plants are 

considered to give the possibility of producing standardized material, independent from 

environmental factors (Grzegorczyk et al., 2007). 

DPPH method is considered as a simple, rapid and convenient method, independent of 

sample polarity for screening of many samples for radical scavenging activity (Koleva et 

al., 2001). This method is based on the reduction of DPPH in methanol solution in the 

presence of a hydrogen donating antioxidant due to the formation of the non-radical form 

DPPH-H. DPPH is a stable free radical and is widely used to assess the radical 

scavenging activity of antioxidant compounds (Blois, 1958).  

Aims and objectives: 

1. To find out Thidiazuron (TDZ) induced regeneration potential in leaf 

explants. 

2. To study the effect of different Auxins on adventitious root culture. 

3. To elucidate the antioxidant potential of regenerated tissues, adventitious 

roots and seeds.  
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Figure 1: Brassica oleracea var. acephala
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2.  Literature Review 

2.1 Brassica oleracea var. acephala 

Brassica oleracea L. is a significant Cole (derived from Latin word caulis, means stem 

or cabbage) crop due to its use as vegetable and has totally cross-fertile cultivars which 

makes a group of broadly different types on the bases of leaf colour, size and shape 

(kale, collards, cauliflower, kohlrabi, Brussels sprouts, cabbage and broccoli (Sarikamis 

et al., 2009; Monteiro and Lunn, 1998). These variations in cultivars are induced by 

genetic variability as well as by environmental factors (Via et al., 1995). It belongs to the 

Brassicaceae (also called Cruciferae because of its sepals arrangement in flower) family 

comprise of 350 genera, like Cameline, Sinapis, Brassica, Crambe and Thlaspi and up to 

3,500 species. But of these B. oleracea L., B. napus L. and B. rapa L. are of universal 

economic importance.      

Brassica oleracea var. acephala locally, in Kashmir it is called as Karam saag 

(www.efloraofindia.com) is an important foliage herbaceous plant that is used as 

vegetable and taxonomically is an oldest form of cabbage but does not form head and 

nearer to undomesticated cabbage than those cultivated Cole crops. It is cultivated once 

in a year as cool season, spring or fall crop and matures in about 50-60 days. 

The classification of Brassica vegetables (Brassica oleracea L. spp.) is very difficult. 

Several species in this genus form a closely weaved net and delimitation of them is of 

debate (Spooner et al., 2003). To delimitate these Harberd (1972) made a term of 

``cytodemes`` for a group of plants having constant number of chromosomes and capable 

to cross-pollinate while those of different cytodemes unable to do so. He identified 11 

cytodeme of Brassica oleracea (2n=18) and made them as subspecies, while 10 by 

Hanelt (2001) and for classification he followed Helm (1963). In 1935 U, a botanist putt 

forward a theory in which he showed the evolutionary relationship between cultivated 

Brassica species and presented in a triangular diagram called U triangle. He stated that 

the genomes of three ancestral diploid (Brassica nigra, Brassica oleracea and Brassica 

rapa) species of Brassica combines together and form three new, amphidiploid 

frequently used vegetables and oil yielding species (Brassica carinataI, Brassica juncea 

and Brassica napus) (Jules, 2009; Warwick and Black, 1993). Molecular work 

confirmed these findings and established the male and female contributions of each 

primary species, using chloroplast DNA restriction site data (Palmer et al., 1983). AFLP 

http://en.wikipedia.org/wiki/Woo_Jang-choon
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markers analyses by Christenses et al., (2011) revealed the diversity among 17 

accessions of European kale. 

It has been proved that today‟s head cabbage have been descended from wild Brassica 

that does not form head (Dikson and Wallance, 1986). The accepted origin of Brassica is 

countries of north Europe and coast of Baltic Sea (Monteiro and Lunn, 1998). While 

Vural et al., (2000) consider the Mediterranean region as origin of cabbage, similarly 

Zhokovsky consider the Van region in Anatolia as origin of white head cabbage 

(Balkaya et al., 2005) and it is believed that use of Kale crop as food started before 

2000BC. In 350 BC Theophrastus described a form of kale called savoyed. Centuries 

after these days this vegetable was introduced in many parts of the world by immigrants 

and travellers (Nieuwhof, 1969). 

2.2  Uses 

The use of plants belonging to Brassica genus varies according to the type of specie and 

has remained in use since Greeks and Romans time as they (Cato, Theophrastus, 

Columella, Pliny, Dioscorides and many other) have described these plants for culinary 

and medicinal purpose. It is believed that during construction of China Great Wall the 

labourers used sauerkraut (a dish made of Chinese cabbage) to overcome devastating 

effect of scurvy because of eating rice only (Turgeon, 1977). Brassica crops are 

consumed by humans throughout the world and considered a nutritious food of humans, 

mostly consumed by poor people of Pakistan, India, and China, etc. On the bases of its 

use these plants have been categorised as forage and vegetable (B. oleracea and B. rapa), 

oilseed (B. napus) and condiment (B. carinata, B. nigra and B. juncea) crops due to use 

of their different parts like buds, leaves, seeds, stems, roots and inflorescence. It is 

generally considered that Cole crops meal is more liked by women than men (Oxford 

Encyclopedia of Food and Drink in America, 2004; Carvalho, 2010). Before the 

introduction of potato to Europe (when it was native Western Asia) turnip (B. rapa) was 

used as staple food, livestock feed and in folk medicine its powdered seeds and ointment 

of flower were used to cure Breast tumour, cancer and skin cancer (Nieuwhof, 1969). 

In 19
th

 century Brassica crops were suggested for medicinal uses and these crops were 

used for treatment of ailments like Diarrhoea, Headache, celiac and stomach trouble, 

deafness and gout. The juice of fresh cabbage was considered as hollowed traditional 

remedy and was used as anti-asthmatic and antidote of toxic mushrooms, also for rinsing 
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the mouth against hoarseness, treat warts and leaves of cabbage used to make blister to 

treat inflammation (Patel et al., 2011). Similarly red cabbage fresh juice was also used in 

bronchitis, chronic cough and asthma. In traditional medicine antibacterial activity of 

turnip roots and used against common cold (Duke, 1983). According to Sousa et al., 

(2008) plants belonging to Brassica genus are related to cure carcinomas, particularly of 

colon, rectum and stomach, also prevents from cardiovascular diseases (Sousa et al., 

2008; Traka and Mithen, 2009).    

Brassica`s versatile use and its ability to adopt its self to any growing system, proves its 

importance for centuries. Though due introduction of highly diversified vegetable salad 

throughout the year in the developed countries have made it less attractive to consumers. 

But due to its nutraceutical potential it still has a market value in developed countries 

while in less developed countries it is still of more importance due to low price value and 

abundance for consumers (Monteiro and Lunn, 1998).     

2.3 Phytochemistry 

Plants and animal provides food to survive in the planet, but in parallel to food they also 

contains biologically active chemicals called phytochemicals, like Phenols, Flavonoids, 

carotenoids, sulfer containing organic compounds, vitamins, etc and chemistry of these 

phytochemicals called Phytochemistry (Plumb et al., 1997). The use of phytochemicals 

for medicinal purposes is gradually increasing in the world (Gieslene et al., 2000). The 

intake of these phytochemicals in food reduce risk of cancers, cardiovascular and other 

fatal diseases (Art and Hollman, 2005; Kaur and Kapoor, 2001; Scalbert et al., 2005; 

Vita, 2005).         

Brassica vegetables contain phytochemicals (folic acids, selenium, phenolics, 

glucosinolates, vitamin C and carotenoids) which have the ability to promote health and 

protect from disease risk (Femina et al., 1998; Kushad et al., 1999; Conaway et al., 

2001; Fimognari et al., 2002). 

Glucosinolates, β-thioglucoside N-hydroxysulfates are sulphur containing metabolites 

also called S-glucopyranosyl thiohydroximates or (Z)-(or cis)-N-hydroximinosulfates 

esters and structurally consist of β-D glucose moiety that is covalently bonded to 

sulphated thiohydoximate and side chain that varies according to 130 different 

glucosinolates types (Fabre et al., 2007; Moreno et al., 2006). They are anionic, 

hydrophilic compounds that plays role in curing cancer and other degenerative and 
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chronic diseases (Fahe et al., 2003). Crucifers are important source of glucosinolates 

(Ugolini et al., 2008). Sinigrin was reported by Ugolini et al., (2008) in black, Indian and 

Ethiopian mustard and predominant glucosinolate, glucosinalbin was reported in yellow 

mustard. Kajaer (1980) reported that sinalbin occurs in trace amount in B. napus seeds 

while Bergmann (1970) and Josefsson (1970) reports higher amount of indolyl 

glucosinolate in vegetative parts of Brassica vegetables while lacking in seed. The 

quality and quantity of glucosinolates is specie also dependants on varies plant parts, 

environmental conditions, age of plant and agronomical factors (Tiedink et al., 1988; 

Kushad et al., 1999; Vallejo et al., 2002 & 2003b; Borkowski et al., 2008).    

Another class of secondary metabolites that exist in Brassica plants is Phenols or 

Phenolics, a class of aromatic organic compounds that has one or more hydroxyl groups 

attached to an aromatic hydrocarbon or benzene ring (Scott, 2007), Phenolics varies from 

single cyclic aromatic compound of low molecular weight and simple to complex and 

large tannins and derived poly phenols, and produced in plants through the shikimic acid 

pathway in which PAL (Phenylalanine ammonialyase) plays a key role (Crozier et al., 

2006; Pereira et al., 2009). Due to its ability to protect humans from heart diseases and 

cancer because of their antioxidant activity, phenolics have gained significant attention. 

The Brassica vegetables have varying phenolic composition and been recently found in 

the said genus and till to date the phenolics profile of different Brassica vegetables have 

been established (Cartea et al., 2011).  

The occurrence of phenolics in Cole cops have been reported in many studies (Velasco et 

al., 2010; Ferreres et al., 2005; Vallejo et al., 2004; Llorach et al., 2003; Nielsen et al., 

1993). While the amount of phenolic compounds varies according to environment as 

well as the method used to analyse the content of phenols, so the comparison for content 

of phenols among B. oleracea crops is difficult (Cartea et al., 2011). Studies have shown 

that cumulative content of phenols of tronchuda cabbage (Ferreres et al., 2006) is 

different from that of savoy cabbage (Martinez et al., 2010). Studies of Ferreres et al., 

(2006 & 2005) and Sousa et al., (2005 & 2007) have shown the kaempferol, quercetin 

and phenolic acid derivatives from seeds, sprouts, internal and external leaves of 

tronchuda cabbage. Recent reports used another approach, antioxidant activity analysis 

(PAL activity) for claiming the presence or absence of phenols in plants and claimed the 

direct proportion of phenols to antioxidant activities (Moreno et al., 2006; Llorach et al., 

2003; Vallejo et al., 2003a).  Heimler et al., (2006) evaluated the phenolics in many B. 
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oleracea crops. He found broccoli and kale with highest content of phenolics as well as 

flavonoids.  

Instead of these two major phytochemicals Brassica crops also contain flavonoids and 

brassinosteroids.  Flavonoid is a class of phytochemicals which are polphenolic in nature 

and consist of two aromatic rings of 15 carbons joint covalently by three carbons (C6-

C3-C6). Isorhamnetin, Quercetin and kaempferol are the major flavonols found in 

conjugation to glucose in Brassica crops (Mean and Mohamed, 2001). Flavonoids have 

been found in several edible Brassica crops like pak choi (B. campestris), cauliflower, 

tronchuda cabbage and broccolli (B. oleracea) as well in turnip tops (B. rapa) (Llorach et 

al., 2003; Vallejo et al., 2004; Ferreres et al., 2005&2008; Rochfort et al., 2006; Romani 

et al., 2006; Harbaum et al., 2007). 

Kurilich et al., (1999) studied edible portion of 50 broccoli and 13 cabbage, Brussels 

sprouts, cauliflower and kale accession and reported ß-carotene, α--carotene, γ-

tocopherol, and ascorbate using reverse phase and sample HPLC analysis systems. Out 

of these the highest concentration of vitamins was observed for kale, so he concluded 

that the concentration of phytochemicals in vegetables is genotype dependant. Both ß-

carotene and α—carotene are precursors of vitamin A. 

Brassinosteroids composed of a common 5-α-choletan skeleton, that found in Brassica 

crops are poly-hydroxy steroids and up to 42 different types (on the basis of type and 

arrangement of functional groups around the skeleton) have been characterized (Fujioka 

and Sakurai, 1977; Yokota, 1997). Grove et al., (1979) reported brassinolide, a steroidal 

lactone in pollens of B. napus. Medicinally brassinosteroids are effective against HSV1 

(herpes simplex virus 1), measles virus and RNA viruses as well as it also inhibits the 

proliferation of prostate and breast cancerous cell line in a micro molar amounts 

(Wachsman et al., 2000 & 2002).   

2.4. Tissue culture 

Generally Plant tissue culture technology is playing increasingly important role in field 

of biotechnology. It is defined as culture of different plant tissues, organs 0r somatic 

cells under controlled laboratory conditions to identical plantlets called tissue culture 

(Dobranszki and Da Silva, 2010). It is a technique not a technology.  The plants are 

traditionally raised from seeds or cuttings. Seeds are commonly infected by fungal, 

bacterial, viral and mycoplasmal pathogens (Philip et al., 1992). A special characteristic 
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of plant cells and meristems in which they retain a latent capacity to produce a whole 

plant is called totipotency (Reinert and Backs, 1968; Vasil and Vasil, 1972; Verdeil et 

al., 2007; George, 2008). The technique of tissue and organ culture is used for rapid 

multiplication of plants, genetic improvement of crops, obtaining disease free clones and 

preserving valuable germplasm (Bhojwani and Razdan, 1992). Micropropagation is also 

used to promote germplasm storage for maintenance of disease-free stock in controlled 

environmental conditions (Withers, 1980) for longer term via cryopreservation technique 

(Kartha et al., 1980). Conventional breeding has added some elite cultivars while in vitro 

technology can serve as an alternate means for further genetic upgrading and its 

successful application depends largely on a reliable plant regeneration system (Mandal et 

al., 1995).  

Plant tissue culture have opened new field that is called as Bioprocess technology that 

deals with (1) increased production of secondary metabolites like, alkaloids, 

pharmaceutics, nematocidal compounds, and also some novel compounds, (2) scale up of 

cultures in bioreactors, and (3) transgenic plants, cells or tissues culture in bioreactor to 

produce vaccines etc. These developments have far-reaching implications in the 

improvement of medicinal plants as well. Similarly through this technology scientist 

have introduced new plants naturally native to Europe or other areas, like strawberry 

(Smith and Drew, 1990) and Pineapple (Drew, 1988). 

In vitro techniques offer the possibility of rapid clonal multiplication of elite plant 

species, allowing production of genetically stable and identical progeny (Hu and Wang, 

1983). In vitro propagation is an alternative method to traditional propagation (Abbasi et 

al., 2007; George and Sherrington, 1984). In vitro culture offers improvements over 

traditional vegetative propagation because of faster rate of multiplication.  

Plant regeneration has been increasingly optimized via organogenesis and somatic 

embryogenesis using various explants; with tissue culture improvements focusing on 

factors such as age of the explant, genotype, and media additives. The production of 

haploids and doubled haploids using microspores has accelerated the production of 

homozygous lines in the Brassica species. Somatic cell fusion has facilitated the 

development of inter-specific and inter-generic hybrids in the sexually incompatible 

species of Brassica. Crop improvement using somaclonal variation has also been 

achieved. Table 1 shows the previous reported work done on various cultivars of B. 

oleracea L. 
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Table 1: In vitro regeneration of different cultivars of B. oleracea L. 

Cultivar Explant Medium 

used 

Phytohormones 

mg/L 

References  

B. oleracea 

subsp. Italic 

cv. Green 

marvel  

Cotyledonary MS BAP+NAA(3+1 

mg/L) 

Ravanfer et al., 

2011 

Broccoli, 

savoy 

cabbage, red 

cabbage and 

caulifllower  

Hypocotyle, 

Root & 

Cotelydon 

MS KIN+IBA (1+0, 0.1 & 

0.2mg/L) 

Pavlovic et al., 

2010 

Kale Cotyledon& 

hypocotyl 

MS BAP+NAA (3+1 

mg/L) 

Dai et al., 

2009 

B. oleracea 

var. capitata 

Hypocotyle & 

cotyledon 

MS BAP Munshi et al., 

2007 

B. oleracea 

var. italic 

Leaf explant MS BAP + KIN Cao and Earle, 

2003 

B. oleracea 

var acephala 

Leaf explant MS Zeatin+NAA (5+1, 

0.1, 0.05) 

Hosoki et al., 

2003 

B. oleracea 

var acephala 

Leaf explant MS BAP+KIN () Donato et al., 

2002 

B. oleracea 

var. botyris 

Vegetative and 

floral  

MS BAP + GA3(3+0.01 

me/L) 

Bhalla and 

Weard, 1999 

White 

cabbage 

Meristem tips MS KIN (2.56+12.8 

mg/L) 

Walker et al., 

1980 

B. oleracea 

var. acephala 

Auxillary 

&flower buds,  

pedicals  

MS BAP+NAA 

(4+0.1mg/L) 

Peng-fang et 

al., 2003 

B. oleracea 

var italic 

Hypocotyl MS BAP Kim and 

Botella, 2002 
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2.5 Adventitious root culture 

The post- embry onic roots that arise from unusual sites like callus, leaves, stem   old 

roots and are different in form from lateral roots called adventitious roots (Smart et al., 

2003; Zobel, 1986).  And its formation is a complex and distinctive process, which is 

vital step in plant propagation process (Ford et al., 2002). Barlow (1986) defined roots 

arising from part of plant that does not originates from embryonic root, means that arises 

from part of shoot.  Anatomical studies have shown that these roots originates from cells 

around cambial zone or parenchyma of phloem e.g. cuttings of Malus (De Klerk, 1995). 

The induction of these roots is of key importance in successful propagation of 

regenerated and vegetative (cuttings) propagation. It`s induction is affected by different 

factors like genotype, PGRs (endogenous and exogenous), media used and also by 

environmental factors (Calamar and De Klerk 2002).  Several studies have been taken to 

investigate origin of adventitious roots in plants (Falasca et al., 2004; Belehu et al., 

2004; Smart et al., 2003; Mahlstede and Watson 1952; King and Stimart 1998). 

Caldero´n Baltierra et al. (2004) used globules shoots in Eucalyptus and found roots 

formation primarily at medulla. Soh et al. (1998) suggested that adventitious root 

originate from dedifferentiated parenchymal cells, around the vascular bundles. Falasca 

and Altamura (2003) studied three ecotypes of Arabidopsis thaliana and found pericycle 

tissues in hypocotyls as origin of adventitious roots. 

Kevers et al. (1997) studied adventitious rooting in many woody plants, but mainly in 

Malus and recognised three different i.e. induction, initiation and expression phases in 

adventitious rooting. In induction phase no clear morphological changes can be seen 

while just biochemical and molecular events take place.  In second phase Cell division 

occurs and meristem of roots develops which form root primordia. In third phase an 

outgrowth emerges from cutting occurs.     

Adventitious roots are of key importance plant propagation industry because successful 

propagation of plants depends on root induction (Ford et al., 2001).  On the other hand it 

was successfully applied on medicinally valuable plants like Taxus baccata, which 

contain taxanes or diterpene amids which have a potential to cure cancer. 

Akashia et al. (2005) successfully established adventitious root culture of Iris germanica 

and obtained higher amount of isoflavones from these roots.  
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Adventitious root culture is the unique technique which renders the secondary 

metabolites in huge amount and it fulfils the global demand in field of medicine, 

agriculture, drug production, pigment production, dye production and so on. Root 

cultures can be used to study effect of gravitropism, growth regulators, minerals and 

vitamins. More over these in vitro root cultures can be used to study carbohydrate 

metabolism and differentiation of root tips. The main advantage of in vitro root cultures 

is rapid growth rate, comparatively to cell culture its handling and maintenance is easy, 

show a low level of clonal variations, so large number of identical experimental tissues 

can be produced (Nagarajan et al., 2011). 

The establishment of adventitious root culture is multifaceted process that is influenced 

by numerous factors, including both endogenous factors that include phytohormones, 

and environmental factors, such as light and wounding. While it‟s molecular mechanism 

is still unclear (Sorin et al., 2005).  

A key role is played by PGRs (Blakesley, 1994) that may also interact with other internal 

factors or with external (environmental) stimuli i.e. light. Fett-Neto et al. (2001) used 

Eucalyptus saligna and E. globules and reported that auxin act in mutual association with 

light i n the development of adventitious roots. Recently, Niemi et al. (2005) observed 

that mycorrhyza and adventitious root formation in Scots pine (Pinus sylvestris) effected 

by light sources and different spectra. 

Arabidopsis thaliana has been shown to be an important model plant for understand the 

molecular events that occurs in control of   environmental signals to mediatd adventitious 

root initiation.  

According to King and Stimart (1998), in response to auxin,   several ecotypes of A. 

thaliana have different capacities to induce adventitious rooting from hypocotyl explant 

and he concluded that several independent genes may control low and high rooting 

responses in an additive manner.  Konishi and Sugiyama (2003) studied temperature-

sensitive mutant model plants of Arabidopsis with altered adventitious rooting ability. 

Carbohydrates are basic metabolic units and provide energy   for plant cells. The 

accessibility of which is usually considered entirely as energy   need   and carbon frame 

also induce root formation   (Luciano et al., 2004).  

As sugar plays vital role in repressing the photosynthetic gene s expression (Sheen, 

1990) also it interact with ethylene and abscisic acid signals (Leon and Sheen, 2003).  So 
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Borisjuk et al. (1998) observed the best rooting response in the presence of sucrose. This 

is further supported by Cheng et al. (1992) work in which he reported that 2- 3 % of 

sucrose is useful for rooting in Eucalyptus sideroxylon. 

Beside from carbon   (Sugar) sources, medium pH also plays important role by affecting 

the developmental stages of the plants.  In “acid growth hypothesis” it has been stated 

that plants cell modifies their expansion by changing cell wall extensibilty according to 

the pH of surrounding environment (Cosgrove, 1999). Several evidences favour 

supposition   in expanding leaves or in shoot coleoptiles (Rayle and Cleland, 1992; 

Peters et al., 1998; Van Volkenburgh, 1999; Kotake et al., 2000). This hypothesis of 

roots has been studied only on limited scale in root induction (Peters and Felle, 1999; 

Tanimoto et al., 2000; Walter et al., 2000). Thus, the present research work was design 

to find out the effects of carbon source and pH of medium on adventitious formation 

from   Brassica oleracea var. acephala leaf explants. 

2.6 Anti-oxidant activity 

2.6.1 Antioxidants 

Compounds of synthetic or natural origin that stop or hold-up the oxidation of substrates 

(i.e. mostly lipids, but can also be a DNA molecule, carbohydrate or protein) even if the 

antioxidants are present in a considerably lesser amount comparatively oxidized 

substrate called anti-oxidants (Halliwell, 1994). Antioxidants are used to maintain 

quality of food mainly by preventing lipid constituent ionic oxidative deterioration and 

also protect the human body from toxic effects of free radicals as well retard the progress 

of many chronic diseases (Gulcin et al., 2004). Brassica vegetables contain higher 

amount of antioxidant which make these more attractive to consumers. There are two 

types of antioxidants found in Brassica vegetables, water soluble (Phenolic compounds, 

Vitamin C&E and folic acid) and lipid soluble (Carotenoids) antioxidants. The content of 

antioxidant in Brassica vegetables varies with genotypes, plant part, environmental 

factors, and post-harvest treatments as well as cooking methods (Soengas et al., 2011). 

Restriction on the use of synthetic antioxidants due to their probable side-effects has 

increased the demand of natural antioxidants (Velioglu et al., 1998). Antioxidant activity 

of many phenolic compounds, including flavonoids, has attracted considerable attention 

and reported to be more powerful antioxidants than vitamins C, E and β-carotene which 

are largely in routine use. Vegetables and fruits are also reported to decrease the risk of 
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degenerative diseases and could have a protective effect against oxidative stress (Vinson 

et al., 1998). Antioxidants, such as vitamin A, vitamin C, vitamin E, carotenoids, 

polyphenolic compounds and flavonoids are found in plenty in vegetables and fruits and 

these antioxidants control the free radical damage, reduce the risk of chronic diseases 

while atherosclerosis can be prevented by the consumption of dietary antioxidants from 

these sources (Barros et al., 2007). 

2.6.2 Antioxidant Activity Determination Methods 

Antioxidant properties have been studied in several plant species for the development of 

natural antioxidant formulations in the areas of food, medicine and cosmetics 

(Miliauskas et al., 2004). A number of in vitro methods have been developed for 

estimation of antioxidant activity that is grouped to two main types:  

1. Hydrogen ion transfer reactions  

2. Electron transfer reactions (Huang et al., 2005). 

This method`s diversity is due to the complexity of the analyzed substrates, often 

mixtures of dozens of compounds having different functional groups, polarity, and 

chemical behavior (Szabo et al., 2007). 
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3.   Materials and methods 

All the experimental work was conducted at Plant Cell and Tissue Culture Lab, 

Department of Biotechnology, Quaid-i-Azam University, Islamabad. 

3.1 Germplasm and surface sterilization 

Seeds of B. oleracea var. acephala were obtained from Plant Genetic Resource Institute 

(PGRI), National Research Centre (NARC) Islamabad. These seeds were surface 

sterilized according to established protocol of Abbasi et al. (2010) i.e. seeds were 

immersed in 70 % ethyl alcohol for ~3 min, then rinsed with autoclaved distilled water 

followed by mercuric chloride (0.1%) treatment for ~1 min and finally 3 times wash with 

autoclaved distilled water. 

3.2 Glassware and other equipments used 

Flasks, beakers, volumetric cylinders, petri-dishes, scalpels, blade holders and cutters 

used in the experiments were washed 3 times with distilled water and autoclaved at 121 

0
C for 15 min. 

Electric weighing balance (Shimadzu, BL-2204) was used for taking appropriate amount 

of chemicals. To dissolve the medium ingredients hot plate magnetic stirrer (VELP 

Scientifica) was used and to uniformly distribute the agar in medium boiling was done in 

microwave oven. To inoculate the flasks aseptically, laminar flow hood (SHC 4A1) was 

used. Incubator shaker (Innove 43R) was used for establishment of adventitious root 

culture.  

3.3 Source of explants 

 Seed germination medium or MS0 (PGRs free), a Murashige and Skoog (1962) medium 

was prepared by taking 4.4g/l MS salts (Phytotech laboratories), 30 g/l sucrose and 8 g/l 

agar (Agar technical LP0013; Oxide, Hampshire England). All these ingredients were 

mixed, pH was adjusted ~5.8 and media (30 ml) was poured in to each 100 ml flasks and 

autoclaved at 121 
0
C

 
for 20 min. After overnight cooling, autoclaved medium was 

inoculated with surface sterilized 5 seeds per each flask and transferred to growth room 

(25±1 
0
C). 100% seed germination frequency was observed on third day and 7

 
days old 

cotyledon explants was excised for experiments.    

 



Chapter 3                                                                                                       Materials and methods 

 

 Page 18 
 

3.4 In vitro regeneration 

3.4.1 Physical Parameters in Lab 

All media were autoclaved at 121 
0
C for 20 min and pH of all the media was adjusted in 

the range 5.6±0.2. All cultures were maintained in a growth room at 25 ± 1 
0
C under a 

16/8-h light/dark photoperiod with light provided by cool-white fluorescent tubes at an 

intensity ranging from approximately 40 to 50 μmol m
-2

s
-1

. 

3.4.2 Inoculation of leaf Explants  

For aseptic conditions, inoculation was carried out inside laminar flow hood. Prior to 

inoculation it was sprayed with 95% ethanol. The MS medium supplemented with 

different PGRs (TDZ, NAA and BAP) in different concentration was poured in 100ml 

flasks and was autoclaved along with, scalpels, blade holder and distilled water. Before 

starting the experiment all these were treated with UV light (GKL-511; 50Hz, 19w) for 

15 min in laminar flow hood. Before inoculation hands were rinsed with soap, dried and 

then washed with 70 % ethanol. 

Leaf explants were excised from 7 day old in vitro seed derived plant and cut into 

reasonable sized pieces for inoculation. These leaf segments were transferred to MS 

media with different concentrations and combinations of different PGRs and MS0 was 

used as control. 5 explants were inoculated per 100 ml flask. After 3 weeks of 

inoculation % responded explants was recorded. The responses (callus formation, 

shoot/root organogenesis etc.) of explants were recorded on the basis of visual 

observation.   

3.4.3 Sub-Culturing 

Callus was sub-cultured repeatedly to maintain its viability and to evaluate its 

organogenic response. Sub-culturing was performed in Laminar Air flow hood, by 

cutting the callus into slice shaped thin pieces in sterile petri-plates and then inoculation 

on fresh MS media. After sub culturing, % shooting was recorded, number of callus 

responded to shooting divided by total number of callus per flask. The data was taken in 

triplicate.  

3.4.4 Shoot proliferation and shoot elongation 

Explants resulting into indirect organogenesis (shoots through callus formation) were 

subsequently transferred aseptically to shoot proliferation and shoot elongation medium 
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in Laminar flow hood and maintained in growth room under the same conditions 

described above and data was recorded after 20 days of sub culturing as number of 

shoots per explant and mean shoot length. 

3.5 Adventitious root culture 

3.5.1 Plant Materials 

Young and fresh leaf explants were selected from in vitro seed derived plantlets for 

adventitious rooting and were cultured on MS media (Murashige and Skoog, 1962) 

supplemented with different concentration of auxins (NAA, IAA and IBA). 

3.5.2 Culture Medium 

MS media of full strength were prepared and supplemented with auxins NAA, IAA and 

IBA (MERCK Germany) as plant growth regulators (PGRs). These PGRs were added to 

medium alone. The pH was adjusted to ~5.8 by addition of 0.1 M NaOH or 0.1 M HCL; 

then 0.8 % agar was added, boiled till the appearance of crystal white colour and poured 

into 100 ml flasks. After pouring, the medium was autoclaved at 121 
0
C and 15 Psi for 

15 min. 

3.5.3 Effect of different auxins at various concentrations on induction of adventitious 

roots from leaf explant 

Leaf explants were inoculated (5 explants/flask) abaxially on MS medium supplemented 

with NAA, IAA or IBA (0.1, 0.5, 1.0 and 1.5 mg/l) concentrations. The inoculated 

medium was kept in growth room for 4 weeks and 25±1 
0
C and 16/8-h photoperiod. 

These treatments were applied in triplicates.    

The initiation of root from explants was recorded on the basis of visual observations. 

Results (percent rooting, fresh and dry biomass of roots in grams) were taken after 4 

weeks of inoculation and expressed as mean ± standard deviation. For determination of 

fresh biomass, adventitious roots were excised from explants, washed to remove agar 

and then blotted against filter paper and allowed to air dry and weighed. These roots 

were dried in oven for 24 h at 60 C
0
 to get dry biomass. 

3.5.4 Effect of sucrose concentration on induction of adventitious roots from leaf 

explant 

After finding the optimum responding auxin and its concentration, further experiments 

were designed to study the effect of sucrose concentration on adventitious root induction 
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from leaf explants. The young and fresh leaf explants were inoculated on MS medium 

supplemented with NAA (0.5 mg/l) having different sucrose concentrations (1, 2, 3, 4, 5, 

6, and 7 %). The results (percent rooting, fresh and dry biomass) were recorded as 

described above. 

3.5.5 Maintenance of adventitious root culture 

Adventitious roots were excised under aseptic conditions and sub cultured for 4 weeks 

on MS media supplemented with auxins (NAA, IAA and IBA). After induction, 

adventitious roots were transferred to 100 ml-Erlenmeyer flasks containing MS liquid 

media supplemented with various auxins in different concentration. And these flasks 

were incubated in shaker incubator (Innove 43R) in 24 h dark conditions at 25 
0
C and 

110 rpm. 

Adventitious roots growth kinetics was studied in shake flask culture by taking sample of 

roots on every 5
th

 day of inoculation to measure increase in biomass, determine pH and 

conductivity of used medium. Dry biomass was measured by oven-drying hairy roots at 

60 
0
C for 24 h. The pH and conductivity were measured in the biomass-free culture 

medium with digital instruments. 

3.6 DPPH Free Radical Scavenging Assay 

The method of Amarowicz et al., (2004) was used to evaluate the capability of prepared 

extracts to scavenge free radical DPPH° (α, α-diphenyl-β-picrylhydrazyl). Briefly, 2.0 

mg of plant tissue extracts were dissolved in 4 ml of methanol and then added to 

methanolic solution of DPPHº (1 mM, 0.5 ml). The resulting mixture was vortexed for 

15 sec and then left to stand for 30 min at room temperature. The absorbance of the 

resulting solution was examined spectrophotometrically at 517 nm. A methanolic 

solution of DPPHº that had decayed and hence no longer exhibited purple color (i.e. 2 

mg of butylated hydroxyanisole (BHA) dissolved in 4 ml of methanol with 0.5 ml of 

DPPHº solution added) was chosen for background correction, instead of pure methanol. 

Finally the radical scavenging activity was calculated as percentage of DPPHº 

discoloration using the equation; 

% scavenging DPPHº free radical = 100 × (1-AE/AD)  

Where AE is absorbance of the solution, when extract has been added at a particular level 

and AD is the absorbance of the DPPHº solution with nothing added. 
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4. RESULTS 

Objectives of the present study were to evaluate the regeneration potential, to establish 

adventitious root culture and to determine antioxidant potential of in vitro regenerated 

tissues of Brassica oleracea var acephala. Incubation of cotyledon explants on MS 

media supplemented with different concentrations and combinations of PGRs showed 

callus induction, indirect shooting and direct shooting.  On the other hand cotyledon 

explant incubated on media containing different auxins induced adventitious roots which 

were further transferred to liquid MS media containing flasks and placed in shaker 

incubator for 6 months. 

4.1 Seed germination and explant source 

Seeds of Brassica oleracea var. acephala were obtained from Plant Genetic Resource 

Institute (PGRI), Islamabad. These were surface sterilized with 70 % etha nol for 60 sec 

followed by immersion in 0.1 % (w/v) HgNO3 solution for 2 min and finally rinsed three 

times in sterile distilled water. PGRs free Murashige and Skoog media (MS0) with 3 % 

sucrose and 0.8 % agar as solidifying agent was used for seed germination and ~ 95 % 

germination was observed at day third. Leaf explant was excised from 7 days old seed 

derived plantlets and cultured on MS media supplemented on various concentrations of 

PGRs (TDZ , NAA and BAP).  

4.2 In vitro regeneration 

4.2.1 Callus formation 

Leaf explants obtained from in vitro germinated seeds were cultured on MS medium 

supplemented with different concentrations of plant growth regulators either alone or in 

combinations. After four weeks of incubation callus, compact mass of undifferentiated 

cells was observed by naked eye. The frequency of callus formation from leaf explant on 

different PGRs was recorded in triplicates and the data was presented in graphical form 

(Fig. 4a, b)  

Fresh compact callus was observed on TDZ alone or in combination with NAA and on 

BAP in combination with NAA. The highest callus formation frequency 85 % was 

observed on MS media supplemented with NAA (1.0 mg/l) + BAP (1.5 mg/l) (Fig. 4b) 

followed by 82 % on TDZ (2.5 mg/l) + NAA (1.0 mg/l) (Fig. 4a). A slow growing 

granular callus was observed on TDZ 2.5 mg/l with 52 % callus formation frequency. No 
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callus was observed on MS media supplemented with different concentrations of BAP 

alone  but after four weeks of incubation only enlargement and then browning of the leaf 

explant was observed while direct multiple shoots were formed in inter-nodal explant. It 

was noticed that with the increase in TDZ concentration increase in callus formation 

frequency occurred while a decline was recorded with increase of NAA concentration in 

combination with TDZ (Fig. 4a). Similarly with incubation of leaf explant on NAA in 

combination with BAP, an initial increase in callus formation frequency was observed 

with increase in BAP concentration but gradual reduction in callus formation frequency 

was observed with increase in concentration of NAA from 1.0 mg/l to 2.5 mg/l in 

combination with BAP (Fig. 4b). Lowest callus formation frequency, 37 % and 38 % 

was observed on TDZ 0.5 mg/l alone and NAA 2.5 mg/l in combination with BAP 0.5 

mg/l respectively. Slow growing granular callus was observed with a highest frequency 

of 52 % on TDZ 2.5 mg/l (Fig. 4a). 

 

    

 

 

 

 

               

 

Figure 3: Callus from leaf explant of Brassica oleracea var. acephala 
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Figure 4a: Callus formation frequency on TDZ alone and in combination with NAA                                                                                 
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  Figure 4b: Callus formation frequency of leaf explant on NAA and BAP in combination 
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4.2.2 Organogenesis 

Following subculturing of 4 week old fresh green callus on MS media having similar 

composition of PGRs, indirect shooting was observed with highest frequencies of 85 % 

on TDZ 2.0 mg/l in combination with NAA 0.5 mg/l followed by 83 % on NAA 0.5 mg/l 

in combination with BAP 2.5 mg/l. The lowest shooting frequency 37 % was observed 

on TDZ 0.5 mg/l.  It was found that with increase in TDZ concentration shooting 

frequency was increased to 53 % while in combination with NAA a synergistic effect 

was observed and highest shooting frequency was achieved but with increase of NAA 

concentration in each treatment with TDZ, reduction in shooting frequency was observed 

(Fig. 6.a). Fig. 6.b shows shooting frequency in response to NAA in combination with 

BAP and it shows that the lowest shooting frequency 28 % was observed for NAA 2.5 

mg/l + BAP 0.5 mg/l. However, MS media without PGRs failed to regenerate shoots 

from 4 weeks old callus.  So it was concluded that incorporation of auxin (NAA) along 

with cytokinins enhanced the shoot regeneration frequency.  

 

 

       

 

Figure 5: Indirect organogenesis from leaf explant  
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Figure 6a: Indirect shooting frequency at TDZ alone and in combination with NAA.                                                 
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          Figure 6b:  Indirect shooting frequency at combination of NAA and BAP. 
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To get maximum number of shoots, regenerated shoots were further sub cultured on MS 

media having similar PGRs concentration and number of shoots per explant was 

recorded by visual observations (Fig. 7a,b). TDZ and NAA in combination induced 

optimum number of shoots per explant. At concentration of 2.5 mg/l + 1.0 mg/l TDZ and 

NAA maximum number of shooting was observed i.e. 12 shoots per explant. However, 

the lowest (2 shoots) number of shoots per explant was recorded on NAA 2.5 mg/l in 

combination with BAP 0.5 mg/l (Fig. 7b). TDZ 1.5 mg/l alone showed optimum 

response to shoot proliferation while with further increase an inhibitory effect was 

observed (Fig. 7a).  With augmentation of NAA 1.0 mg/l the TDZ effect of shoot 

proliferation was increased but on the other hand reduction in number of shoots per 

explant was observed with increase of NAA concentration from 1.0 mg/l to 2.5 mg/l 

(Fig. 7a).  
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Figure 7a: Number of shoots (mean) at TDZ alone and in combination with NAA. 
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    Figure 7b: Number of shoots (mean) at combination of NAA and BAP. 

NAA in combination with BAP was tested for shoot proliferation (Fig. 6b).  No shoot 

proliferation was observed on MS0. Initially the shoot proliferation efficiency was higher 

i.e. when NAA (0.5 and 1.0 mg/l) was used but a significant reduction in number of 

shoots per explant was observed with increase in NAA concentration. 

After shoot induction and multiplication, shoots were transferred to shoot elongation 

medium. The shoot induction, multiplication and elongation medium had same 

concentrations of plant growth regulators. The mean shoot length per explant was 

recorded in range of 2 to 6cm (Fig. 9 a, b). Mean shoot length from highest to lowest was 

found sequentially on TDZ+NAA, BAP+NAA and on TDZ alone. 
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     Figure 8: Shoot elongation in Brassica oleracea var. acephala 

MS0 was found to have no effect on shoot elongation while TDZ (0.5, 1.0, 1.5, 2 and 2.5 

mg/l) alone showed a moderate response and the highest shoot length 3.8 cm was 

recorded for 1.5 mg/l TDZ; however, further increase in TDZ concentration to 2.5 mg/l 

showed a negative effect on mean shoot length  (Fig. 9a). TDZ in combination with 

NAA showed an increase in mean shoot length which was significantly higher than that 

found on NAA in combination of BAP. The optimum mean shoot length 5.4 cm was 

obtained on TDZ 2.5 mg/l and NAA 1.0 mg/l. Similarly, optimum mean shoot length of 

5 cm was recorded with NAA 0.5 mg/l +BAP (2.5 mg/l) but reduction in length was 

observed with increase of NAA concentration (Fig. 9b). 
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Figure 9a: Mean shoot length (cm) of regenerated shoots on TDZ alone and with NAA 
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Figure 9b: Mean shoot length (cm) of regenerated shoots on combination of NAA and       

BAP 
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4.2.3     Rooting 

Elongated shoots were transferred to MS media supplemented with different 

concentrations of NAA, IBA, IAA, MS0 and 1/2 strength MS medium. Slightly visible 

root outgrowths were observed on IBA (0.1 mg/l) while maximum viable rooting was 

observed on NAA (1.0 mg/l). 

4.3       Adventitious root culture 

4.3.1    Induction of adventitious roots  

Three different explants (leaf, stem and root) were comparatively tested for best response 

to produce adventitious roots and leaf explant was selected with highest potential for 

adventitious rooting. Leaf explant was excised from 7-day old in vitro seed derived 

plantlet and inoculated aseptically on MS0 (as a control) and on MS medium 

supplemented with different auxins (NAA, IAA,  IBA) in varying concentrations. The 

induction efficiency of auxins was determined as percent root induced per treatment, 

mean number of roots, Fresh weight (FW) in grams (g) and Dry weight (DW) (Table 2).  

Leaf explant inoculated on PGRs free Media showed no rooting, while on media 

supplemented with NAA, IAA and IBA, whitish threads of adventitious roots were 

observed at 10
th

 day of inoculation. NAA was found as the best auxin that induced 

maximum adventitious roots of maximum FW as well DW from leaf explant (Fig. 10). 

The highest rooting frequency (87 %) and 35 roots per explant of highest FW (2.98 g) 

and DW (0.238 g) was recorded at MS media supplemented with NAA (1.0 mg/l) 

followed by 80 % and 25 roots per explant of 2.78 g FW and 0.222 DW at 0.5 mg/l, 

while further increase the NAA concentration 1.5 mg/l a mild inhibitory effect was 

observed and reduction in Fresh weight, number of roots per explant and in rooting 

frequency was also observed. Comparative to IBA, IAA showed the optimum frequency 

(70%) of adventitious rooting and fresh weight (FW) of 1.239 g per explant at 1.5 mg/l 

while 0.1 mg/l showed no effect. The adventitious root induced by IAA and IBA were 

slender, shorter in length and lowest biomass (FW and DW), comparative to long thick 

roots induced by NAA. 2.5mg/l IBA was the optimum concentration that induced 3 roots 

per explant with frequency of 56 %, FW and DW of 1.757 g and 0.097 g respectively.   
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Figure 10: Adventitious root induction and elongation  

Table 2: Induction of Adventitious roots from leaf explant at different concentration of 

auxins 

S. 

No 

Auxin  Concentration % rooting  Mean 

Number of 

roots/explant 

FW (g) 

/Explant  

Dry 

weight 

(g) 

1. MS0 0 0 0 0 0 

 

2. 

 

NAA 

0.1 mg/l 70 % 15  1.98  0.157  

0.5 mg/l 80 % 25 2.78  0.222 

1.0 mg/l 87 % 35 2.986  0.238 

1.5 mg/l 77 % 27 2.38  0.190 

 

3.  

 

IAA 

0.1 mg/l 0 0 0 0 

0.5 mg/l 20 % 2 1.056  0.084 

1.0 mg/l 33 % 4 1.137  0.090 

1.5 mg/l 70 % 7 1.239  0.091 

 

4.  

 

IBA 

0.1 mg/l 0 0 0  

0.5 mg/l 27 % 1 1.052  0.084 

1.0 mg/l 36 % 1 1.054  0.086 

1.5 mg/l 56 % 3 1.157  0.097 
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Induction of adventitious root was also studied at varying pH and different sucrose 

concentrations. These two parameters plays important role in root induction. To find out 

the effects of pH and sucrose concentration, media was supplemented with a constant 

concentration of NAA (1.0 gm/L) and response to these parameters was record in term of 

percent rooting, fresh weight (FW) and dry weight (DW) as shown in Table 3 and 4 

respectively.   

High variation in rooting efficiency was observed at varying pH of the media 

supplemented with NAA 1.0 gm/l. The optimum pH for adventitious root induction from 

leaf explant was 5.8 in terms of 85.5% rooting, 2.53 g fresh weight and 0.186 g dry 

weight (Table 3). It was observed that the lowest rooting frequencies of 53.6% and 23% 

were observed on both pH extremes i.e. acidic (4) and basic (8), respectively.  

Table 3: Effect of pH on percent rooting, FW (Fresh weight in gram) and DW (Dry 

weight in grams)  

S. No pH % rooting FW (g) DW (g)                           

1. 

2. 

3. 

5. 

6. 

4 

5 

5.8 

7.0 

8 

53.6 % 

71 % 

85.5 % 

47 % 

23 % 

0.93 

1.21 

2.53 

0.75 

0.23 

0.077 

0.100 

0.186 

0.061 

0.018 

 

Apart from pH carbon source plays a vital role in root induction and effects growth and 

development of the plants. For studying the effect of sucrose concentration leaf explants 

were cultured on MS medium supplemented with NAA 1.0 mg/l and varying 

concentration of sucrose (0, 1%, 2%, 3%, 4%, 5% and 6%). No rooting was found on 

MS medium without sucrose (0%). While varying degrees of rooting was observed on 

medium containing 1%, 2%, 3%, 4%, 5% and 6% sucrose. An initial increase in 

adventitious rooting from 81.6% to 93% on 1%, 2% and 3% sucrose and than a decline 

from 93% to 71% was observed on 4%, 5% and 6% was observed (Table 3). The 

optimum sucrose concentration that yielded maximum percent rooting (93 %), maximum 

FW (2.23 g) and DW (0.1 g) was observed at 3 %sucrose concentration while the 
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minimum percent rooting (71 %), FW (0.53 g) and DW (0.043 g) was found on higher, 6 

% sucrose concentration (Table 4).  

Table 4: Effect of sucrose concentration on adventitious rooting in term of percent 

rooting fresh weight and dry weight 

S. No Sucrose conc. (w/v) % rooting FW (g) DW (g)                           

1. 

2. 

3. 

5. 

6. 

7. 

8, 

0 % 

1 % 

2 % 

3 % 

4 % 

5 % 

6 %  

0 

81.6 % 

89.4 % 

93% 

86.7 % 

79.3 % 

71 % 

0 

0.87 

1.98 

2.23 

1.43 

0.64 

0.53 

0 

0.055 

0.080 

0.100 

0.058 

0.052 

0.043 

 

4.3.2      Maintenance of adventitious root culture 

 The adventitious roots were excised from the leaf explant and were transferred to shake 

flask containing MS liquid medium supplemented with NAA 1.0 mg/l. Before going to 

growth kinetics study the optimum inoculums size, 0.5 g/30ml was selected. The liquid 

media supplemented with NAA 1.0 mg/l was inoculated with 0.5 g inoculums and was 

incubated in shaker incubator. Sampling after each week up to 56 days was made and 

fresh weight and dry weight was recorded. From these two parameters growth ratio was 

elucidated (Table 5). Fig 11 shows different step of adventitious root culture.   
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             Figure 11: B oleracea var acephala adventitious root culture 
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      Table 5: Growth parameters with time (weeks)    

S. No Weeks FW DW Growth ratio 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0.5 

0.716 

1.362 

1.8317 

2.4103 

2.8423 

3.1843 

2.8909 

2.7483 

0.06 

0.086 

0.163 

0.219 

0.289 

0.3424 

0.377 

0.342 

0.325 

0 

0.433 

1.71 

2.65 

3.816 

4.706 

5.283 

4.7 

4.41 

                          FW: Fresh weight, DW: Dry weight 

 

The maximum FW (3.184 g), DW (0.377 g) and growth ratio (5.28) was observed at 6
th

 

week (42 days). And a slight decline in FW (2.89 g), DW (0.342 g) and growth ratio 

(4.7) was found at 7
th

 week. The increase in dry biomass was correlated with decrease in 

Electrical conductivity (Fig. 10). With passage of time EC and TSS (total suspended 

solids or %Brix) decreased from 4.46 µs and 2.9 %Brix respectively (Table 5).  
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   Table 6: Electrical conductivity and total suspended solids in the used media 

S. 

No 

Week(s) Conductance (μS) Temperature TSS (%Brix) 

1 1 4.46 26.2 2.9 

2 2 4.48 26.2 2.7 

3 3 4.88 26.3 2.7 

4 4 4.56 26.3 2.5 

5 5 3.92 26.1 2.3 

6 6 3.39 26.2 1.9 

7 7 3.13 26.2 1.6 

             TSS: Total suspended solids 
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Figure 12: Changes in EC and DW of adventitious root culture in 100 ml shake flask 

       EC: Electrical conductivity, DW: Dry weight  
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4.4      DPPH Free Radical Scavenging Assay  

Methanol extract of regenerated tissues was obtained and were analysed for DPPH free 

radical scavenging activity. The highest 36.58 % radical scavenging activity was 

observed in seed derived plant lets and the lowest 7.8 % was observed in adventitious 

roots directly excised from leaf explant. Among the regenerated tissues, regenerated 

plantlets and adventitious roots 2 showed a higher activity than callus. The results 

showed that differentiated tissues had a higher antioxidant activity than that in 

dedifferentiated tissue in this plant. 
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Figure 13: Antioxidant activity of regenerated tissues 

              Adventitious root 1: excised from leaf explant, 

             Adventitious root 2: roots sub cultured in Liquid medium
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5. DISCUSSION 

The overall objective of present study was to find out the morphogenic potential of TDZ, 

adventitious root culture and to evaluate anti oxidant activity of different regenerated 

tissues of Brassica oleracea var acephala. Thiadiazuron, phenyl-urea is an effective 

synthetic herbicide that shows potent cytokinin like activity (Mok et al., 1982). TDZ was 

classified as a type of cytokinin that induces many responses that were similar to the 

responses induced by natural cytokinins. It was proved that TDZ, unlike traditional 

phytohormones, individual fulfilled the requirements of various regenerative responses 

of many different plant species (Guo et al., 2011). A range of cytokinins (Kinetin, BA, 2-

iP and zeatin) has also been used in micropropagation research (Bhojwani and Razdan, 

1992). But a wider survey of the existing literature suggests that BA is the most reliable 

and useful cytokinin. A number of plants have been successfully multiplied on medium 

containing BA.  

Several studies have been made by researchers on In vitro regeneration of Brassica 

species, including B. oleracea var. italica (Huang et al., 2011; Kim et al., 2002; 

Ravanfer et al., 2009); B. oleracea var. capitata (Munshi et al., 2007); B. oleracea var. 

acephala (Peng-fang et al., 2003; Dai et al., 2009) and Pavlovic et al. (2010) studied 

regeneration potential of four different cabbage cultivars (red cabbage, Broccoli, savoy 

cabbage and cauliflower). Christey and Earle (1991) studied regeneration of five B 

oleracea species from peduncle explants. 

The leaf explant used in current study responded to all PGRs with varying intensity. The 

best (85%) callus induction was recorded on MS medium containing BAP (1.5 mg/l) in 

combination with NAA (1 mg/l) than MS medium containing TDZ (2.5 mg/l) in 

combination with NAA (1 mg/l) which was 82%. NAA alone were also applied but 

direct adventitious root induction was observed and in combination with TDZ and BAP 

synergistic effect on callogenesis was observed. Lowest callus formation frequency was 

recorded on TDZ (0.5) alone and a mild increase in callus frequency was observed with 

increase in TDZ concentration. Similar values have been reported for B. rapa var. turnip 

(Abbasi et al., 2010). While Peng-fang et al. (2003) reports slightly different 

concentrations of BAP in combination with NAA, they reported 4 mg/l BAP and 0.1 

mg/l NAA was the optimum concentration for callus induction. 
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The highest indirect shooting (85%) was recorded on TDZ 2.0 mg/l in combination with 

NAA 0.5 mg/l followed by 83% on NAA 0.5 mg/l in combination with BAP 2.5 mg/l. 

The lowest shooting frequency 37% was observed on TDZ 0.5 mg/l. Ours findings are 

similar to Peng-fang et al. (2003), they reported MS medium containing BAP 2mg/l in 

combination with NAA 0.02 mg/l was the best regeneration media for B oleracea var 

acephala. While Dai et al. (2009) used cotyledon and hypocotyls explants of B oleracea 

var acephala (ornamental kale) and  observed 76.1% and 65% direct shoot induction 

from Hypocotyl and cotyledon explants respectively on MS medium containing BAP 3 

mg/l + 0.1 mg/l NAA. They concluded that the best responsive explant to regeneration 

was hypocotyl. Cheng et al. (2001) also reported more than 90% regeneration using 4.5 

mg/l BA and 94% with 0.5 mg/l TDZ in combination with IAA 0.01 mg/l from 3 day old 

hypocotyl explant of B. oleracea.  Contrary to present study Jonoubi et al. (2004) 

reported maximum regeneration frequency from hypocotyl explant of B. napus L. at MS 

medium containing BAP 4.5 mg/l and TDZ 0.3 mg/l from callus, induced at 2,4-D 1 

mg/l. Aoun et al. (2008) used transverse thin cell layer explant of B juncea (L.) Czern. 

and obtained maximum shooting frequency at MS medium supplemented with BAP 53.3 

µM (12 mg/l) in combination with NAA 3.22 µM (0.596 mg/l). Ahmad et al. (2010) 

reported that combination of BAP and NAA inhibited shooting in Piper nigrum which is 

contrary to our results of highest frequency of shooting at BAP+NAA as compared to 

other PGRs tested. The contradictions in ours findings to previous reports might be due 

to specie and genotype differences. Murata and Orton (1987) reports specie dependant 

variations in callus formation and shooting frequencies to PGRs concentrations, they 

studied seven Brassica species for re and de-differentiation and found varying frequency 

of callus formation and shoot formation. 

The regeneration potential was determined in term of mean shoot number and mean 

shoot length (cm). The maximum number (12) of shoot per explant was observed at MS 

medium supplemented with TDZ 2.5 mg/l and NAA 1 mg/l, which is similar to findings 

of Cheng et al. (2001), they obtained maximum number (8.5) shoots per cotyledon 

explant of B oleracea on MS medium containing IAA0.5 µM and TDZ 2.5 µM. But 

contrary to ours finding he observed high proliferative affect of BAP alone than TDZ in 

combination with IAA. Dai et al. (2009) obtained 4.3 shoots per cotyledon explant and 

8.2 from hypocotyl explant. Ravanfer et al. (2011) reported 0.43 shoots per cotyledon 

explant on MS medium containing 3 mg/l BAP and 1 mg/l NAA. Results clearly shows 
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that increasing NAA concentration shoot formation frequency as well as number of 

shoots decreases while increasing TDZ or BAP concentration shoot formation frequency 

increased and shows cytokinine like activity of TDZ. 

Adventitious roots that arise from non pericyclic tissues in aged roots, leaves and stems 

also known as post embryonic root. It plays important role in vegetative propagation. 

There are many endogenous and exogenous factors/mediators that switch the 

adventitious root formation. These factors are Ca
++

, auxin, nitric oxide, carbon 

monoxide, sugars, ethylene, polyamines, peroxides, etc. Out of these auxin plays a key 

role in adventitious root formation. There are two pathways for adventitious root 

formation, direct organogenesis (from cells types like cambium) and from callus after 

mechanical cuttings (Li et al., 2009). For obtaining higher biomass, adventitious root 

culture is more efficient than other plant tissues due to higher growth rate and another 

important feature is consistent metabolite productivity (Murthy et al., 2008). To achieve 

high biomass optimization of Invetro culture condition is important. In this study we 

optimized these conditions and obtained higher biomass of adventitious root and were 

assessed for DPPH. 

In induction phase leaf explant were inoculated at MS medium containing different 

concentrations of Auxins (NAA, IBA, IAA). The best results in term of % roots induced, 

number of roots, fresh biomass and dry biomass was achieved at MS medium containing 

1.0 mg/l NAA.  Which make a contradiction to findings of Wu et al (2006), because he 

used Echinacea angustifolia and achieved best root proliferation at MS medium 

containing 2 mg/l IBA. Ours experiment also depict that with increase in NAA 

concentration reduction in adventitious root was observed. Goel et al (2008) induced 

maximum adventitious root from callus of Hypericum perforatum at MS medium 

containing 4.0 mg/l IAA. In ours study for both IAA and IBA significantly lower 

induction response was observed that might be due to their lower stability as IAA is 

more readily photo oxidized (Nissen and Sutter 1990). It also depends on affinity of 

these auxins to auxin receptor protein which is involved in rooting (De Klerk et al., 

1999). Similar to ours finding Zhu et al. (2010) reported best induction from leaf explant 

of B. oleracea and B. juncea chimeras at MS medium containing NAA as root inducing 

PGR. Similar to our finding; Karin et al. (2005) also reported NAA as best auxin for 

Mung bean. 
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Sucrose an important source of carbon, that regulates osmotic pressure in medium 

(Calamar and De Klerk, 2002). Several reports have shown effects of sucrose 

concentration in medium on adventitious root induction (Hussein et al., 2011; Takahashi 

et al., 2003). No root induction was observed at MS0 (3.0 % sucrose and free of PGRs). 

While finding out the effect of sucrose MS medium was supplemented with 1.0 mg/l 

NAA and sucrose was added in varying concentrations (1, 2, 3, 4, 5 and 6 %). MS 

medium without sucrose (0 %) was considered as control. Best root induction (highest 

rooting frequency, fresh and dry biomass as well as number of roots per explant) was 

observed at 3 % sucrose while further increasing or decreasing the sucrose concentration 

reduction in adventitious root was observed. These are similar to findings of Cheng et al, 

(1992), they reported best rooting in Eucalyptus sideroxylon at sucrose concentration in 

range of 2-3%. Rooting in Panax ginseng was limited at higher sucrose concentration 

while it was remarkably increased in range of 1-3 % (Jung et al., 2005). Pierik and 

Steegmans (2003) concluded from their study on Rhododendron, that Auxins are 

absolutely required for adventitious root induction and sugar also plays an important role 

while pH and boric acid did not. 

After induction roots were excised and cultured in shake flask to study growth kinetics of 

growing roots in 56 days (8 weeks) time frame. It showed a lag phase of 5days and than 

an increase in growth in term of fresh biomass and dry biomass was observed, which is 

similar to hairy growth rate of Artemisia annua (Liu et al., 1997). In parallel to biomass 

electrical conductivity of medium decreased, which confirms uptake of nutrients from 

medium and increase in biomass.   

Brassica vegetables have higher potential of free radical scavenging which make it very 

important to the consumer point of view (Soengas et al., 2011). The antioxidant potential 

of Brassica vegetables is due sulforaphane (Sivakumar et al., 2007) and phenolic 

compounds (Cartea et al., 2011). In the present study, in vitro antioxidant activity of seed 

derived and in vitro regenerated tissues was determined. The results showed that 

differentiated tissues had a higher antioxidant activity than callus. Previously, abietane 

diterpene antioxidants were found only in shoot cultures of S. officinalis (Grzegorczyk et 

al., 2007) and rosemary (Caruso et al., 2000) and not in callus, suspension or hairy roots.  

Recently, Ahmad et al., (2010) also reported a lower antioxidant activity in callus 

cultures of Piper nigrum as compared to regenerated shoots and plantlets which is 

contrary to present study. Similarly, Kintzios et al. (2004) found that the accumulation of 
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rosmarinic acid in O. basilicum cell cultures was markedly lower than in regenerated 

plantlets. All these results suggested that in some cases differentiated tissues are superior 

in accumulation of secondary metabolites as compare to undifferentiated tissues. On the 

other hand, comparison of antioxidant activity between regenerated and seed derived 

tissues showed a comparative activity in seed derived shoots than that of regenerated 

tissues. According to Matkowski (2008), in some cases full development in natural 

conditions is useful for producing a considerable amount of secondary products and it 

has been reported for several classes of metabolites, especially for alkaloids, and has also 

been published for some antioxidant compounds. Our results are closely related with the 

findings of Thiem and Krawczyk (2003) who found that  ellagic acids present in Rubus 

chamaemorus plants was over 10 times lower in callus and 3 times lower in shoot 

cultures. 
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