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Abstract 

Plant in vitro cultures are able to produce and accumulate many medicinally valuable secondary metabolites. 

Antioxidants are an important group of medicinal preventive compounds as well as being food additives 

inhibiting detrimental changes of easily oxidizable nutrients. Many different in vitro approaches have been used 

for increased biosynthesis and the accumulation of antioxidant compounds in plant cells. In the present piece of 

work some mutagenesis strategies are used to manipulate plant secondary metabolites by means of plant tissue 

culture. The strategies used for improving the antioxidants in vitro production efficiency are also highlighted via 

media optimization. This artefact presents results of widespread study of cultivation of plant cells in-vitro. In 

current research callus cultures were used to screen the upshot of mutagenic amalgams on the plant secondary 

metabolites. Sunflower plant was mutagenized using mutagen namely Sodium Azide. Callus cultures were 

sustained using several amalgamations of phytohormones. Callus were attained by means of phytohormones 

NAA, Thiamin HCL, 2,4-D. At the end screening of primary and secondary metabolites was carried out. 
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Introduction 

The practice of plant cell and tissue culture 

methodology for the purpose of producing medicinal 

metabolites has a extended antiquity (Rout et al., 

2000 and Verpoorte et al., 2002). Ever since plant 

cell and tissue culture arose as a chastisement inside 

plant biology, scientists have strived to employ plant 

cell biosynthetic proficiencies for attaining 

worthwhile products and for reviewing the 

metabolism (Misawa 1994 and Verpoorte et al., 

2002). Cultured plant cells manufacture, amass and 

sometimes emanate many classes of metabolites. 

Medicinal compounds are of specific attention and 

much exertion has been dedicated to gaining some of 

the most dynamic and valuable therapeutics. 

Abundant alkaloids, saponins, cardenolides, 

anthraquinones, polyphenols and terpenes have been 

stated from in vitro cultures and appraised numerous 

times (Misawa 1994, Verpoorte et al., 2002 and 

Vanisree and Tsay, 2004). 

 

The contemporary paper abridges the consumptions 

of plant cell and tissue culture technology for the 

fabrication of secondary metabolites which have 

significant potential as antioxidants. The induced 

mutagenesis techniques has been used on

antioxidants and the tactics used to increase the in 

vitro approaches for generating these compounds. 

The indispensable circumstances that mark using 

biotechnological approaches for the production of 

secondary plant metabolites economically sustainable 

have been determinedly recognized: great commercial 

worth, inadequate profusion in integral plants, 

inadequate obtainability from natural sources, and 

challenging agronomy (Misawa 1994 and Verpoorte et 

al., 2002). When taking these features into 

contemplation, in vitro technology deals approximately 

or all of the succeeding paybacks: simpler abstraction 

and refining from snooping atmospheres, innovative 

yields not present in nature, unconventionality from 

fluctuating weathers, and last but not least, the 

manipulation of the genetic engineering prospective for 

eluding lawful limitations against GMO introduction 

into the natural environment. 

 

Exploration on mutation induction for plant breeding 

reached its peak a few spans ago, then slackened (Van 

Harten, 1998; Donini and Sonnino, 1998), after 

having provided a substantial number of studies on 

mutagen effects, mutation induction methods, 

improved traits and their heritability. Contemporary 

scientific and technical advances can presently 

provide mutation induction with new promises to 

subsidize to plant improvement. Spontaneous and 

induced mutations have previously played an 

imperative role also in the development of numerous 

cultivars. Mutations are defined as heritable changes 

in the DNA sequence that are not derived from 

genetic segregation or recombination (Van Harten, 

1998). Uptill now much work has been done on 

mutation induction and plant tissue culture 

separately. The present work focusses on induction of 

mutation and observation of all its possible effects on 

plant secondary metabolites.  

 

Materials and methods 

The seeds of Sunflower germlines having accessions 

numbers 017599, 017600, 017601, 017602, 017603, 

017604, 017605, 017606, 017607 and 017608 were 

acquired from Seed Preservation Laboratory & 

National Gene bank, Plant Genetic Resources Institute, 

NARC, Islamabad and were given mutagenic 

treatments mutagen namely sodium azide (SA). 

Various concentrations of mutagen were used, starting 

from 0.1%, 0.2%, 0.3%, 0.4% and 0.5% respectively. 

Seeds were sown under in-vivo conditions. Seeds were 

made to grow in Randomized Complete Block Design 

(RCBD). Mature crop was achieved within the period of 

ninety days and was headed to the preparation to plant 

tissue culture technique.  

 
Aseptic culture media preparation 

Aseptic or sterile culture is obligatory and chief 

prerequisite of plant tissue culture. Diverse media are 

usually used for tissue culture of plants among which 

MS medium remains at top (Murashige et al., 1962). 

In the current experiment, this MS medium was 

preferred. MS media is composed of three basic 

components namely macro elements, which are taken 

by plant in higher quantities for their growth. 

Examples include N, P, K Mg, Ca and S. Typically 

macro elements make at least 0.1 percent of the dry 

mass of plant. 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4X-4T0MMH3-1&_user=3415249&_coverDate=12%2F31%2F2008&_alid=1106988553&_rdoc=22&_fmt=full&_orig=search&_cdi=4986&_sort=r&_docanchor=&view=c&_ct=189&_acct=C000060486&_version=1&_urlVersion=0&_userid=3415249&md5=d303faa0ba107abe7b7058eee8af9289#bib117
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4X-4T0MMH3-1&_user=3415249&_coverDate=12%2F31%2F2008&_alid=1106988553&_rdoc=22&_fmt=full&_orig=search&_cdi=4986&_sort=r&_docanchor=&view=c&_ct=189&_acct=C000060486&_version=1&_urlVersion=0&_userid=3415249&md5=d303faa0ba107abe7b7058eee8af9289#bib117
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4X-4T0MMH3-1&_user=3415249&_coverDate=12%2F31%2F2008&_alid=1106988553&_rdoc=22&_fmt=full&_orig=search&_cdi=4986&_sort=r&_docanchor=&view=c&_ct=189&_acct=C000060486&_version=1&_urlVersion=0&_userid=3415249&md5=d303faa0ba107abe7b7058eee8af9289#bib145
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4X-4T0MMH3-1&_user=3415249&_coverDate=12%2F31%2F2008&_alid=1106988553&_rdoc=22&_fmt=full&_orig=search&_cdi=4986&_sort=r&_docanchor=&view=c&_ct=189&_acct=C000060486&_version=1&_urlVersion=0&_userid=3415249&md5=d303faa0ba107abe7b7058eee8af9289#bib92
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4X-4T0MMH3-1&_user=3415249&_coverDate=12%2F31%2F2008&_alid=1106988553&_rdoc=22&_fmt=full&_orig=search&_cdi=4986&_sort=r&_docanchor=&view=c&_ct=189&_acct=C000060486&_version=1&_urlVersion=0&_userid=3415249&md5=d303faa0ba107abe7b7058eee8af9289#bib145
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4X-4T0MMH3-1&_user=3415249&_coverDate=12%2F31%2F2008&_alid=1106988553&_rdoc=22&_fmt=full&_orig=search&_cdi=4986&_sort=r&_docanchor=&view=c&_ct=189&_acct=C000060486&_version=1&_urlVersion=0&_userid=3415249&md5=d303faa0ba107abe7b7058eee8af9289#bib145
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4X-4T0MMH3-1&_user=3415249&_coverDate=12%2F31%2F2008&_alid=1106988553&_rdoc=22&_fmt=full&_orig=search&_cdi=4986&_sort=r&_docanchor=&view=c&_ct=189&_acct=C000060486&_version=1&_urlVersion=0&_userid=3415249&md5=d303faa0ba107abe7b7058eee8af9289#bib92
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4X-4T0MMH3-1&_user=3415249&_coverDate=12%2F31%2F2008&_alid=1106988553&_rdoc=22&_fmt=full&_orig=search&_cdi=4986&_sort=r&_docanchor=&view=c&_ct=189&_acct=C000060486&_version=1&_urlVersion=0&_userid=3415249&md5=d303faa0ba107abe7b7058eee8af9289#bib145
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4X-4T0MMH3-1&_user=3415249&_coverDate=12%2F31%2F2008&_alid=1106988553&_rdoc=22&_fmt=full&_orig=search&_cdi=4986&_sort=r&_docanchor=&view=c&_ct=189&_acct=C000060486&_version=1&_urlVersion=0&_userid=3415249&md5=d303faa0ba107abe7b7058eee8af9289#bib144
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4X-4T0MMH3-1&_user=3415249&_coverDate=12%2F31%2F2008&_alid=1106988553&_rdoc=22&_fmt=full&_orig=search&_cdi=4986&_sort=r&_docanchor=&view=c&_ct=189&_acct=C000060486&_version=1&_urlVersion=0&_userid=3415249&md5=d303faa0ba107abe7b7058eee8af9289#bib92
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The second component is of micro elements which 

are needed in traces for the growth & development of 

plant. They have innumerable functions. These 

encompass of Mn, I, Cu, Co, Bo, Mb, Fe and Zn. Some 

formulations may comprise Ni & Al. Third 

indispensable component for plant growth is Iron 

source which is joined in the form of iron sulphate in 

combination with EDTA. Iron citrate is also 

sometimes used. Iron-Ethylenediaminet etraacetic 

acid is frequently used in association with the Iron 

sulphate. The Fe (EDTA) intricate allows the slow-

moving and unremitting liberation of iron into the 

medium. Free iron is precipitated out as ferric oxide 

in the medium. Apart from these organic 

supplements were also used such as carbon source. 

One of the most accessibly obtainable, low-cost, quickly 

assimilated and pretty sturdy so is usually used as 

carbon source. Glucose, maltose, galactose and sorbitol 

are also used. Phyto hormones are one of the 

substantial media constituents that control the 

evolving passageway of the plant cells. Generally, plant 

hormones or their synthetic equivalents are used.  

 
Table 1. Various Combinations of Phytohormones 

Used in MS medium. 

MS Media 1 NAA 0.01mg/L, Thiamin HCL 
0.4mg/L, 2,4-D 1.2mg/L, BAP 1.2 
mg/L 

MS Media 2 NAA 0.01mg/L, Thiamin HCL 
0.4mg/L, 2,4-D 2mg/L, BAP 1.2mg/L 

MS Media 3 NAA 0.3mg/L, Thiamin HCL 
0.4mg/L, 2,4-D 1mg/L 

MS Media 4 NAA 0.01mg/L, Thiamin HCL 
0.4mg/L, 2,4-D 1.2mg/L 

MS Media 5 BAP 0.5 mg/L, IBA o.5mg/L, NAA 
0.2mg/L. 

   
Preparation and Optimization of Media 

Stock solutions using macro, micro and vitamins and Fe 

(EDTA) were prepared, then suitable quantities were 

taken in 1litre beaker, and other substances like glucose, 

EDTA, vitamin B5 were also added in that beaker and all 

were dissolved on the magnetic stirrer. Before the 

addition of 1.6% solidifying agent technical agar, pH was 

maintained up to 5.8. Different amalgamations of 

phytohormones were primed to optimize callus cultures. 

MS3 media gave the desired results. 

 
 

 

Explant Sterilization  

When plant was fully grown and matured, its fresh 

leaves were separated and were made to sterilize in 

50% bleach (with 5% hypo chloride), followed by 

three times washing with sterilized distilled water out 

in laminar airflow under highly aseptic conditions. 

 

Explant Inoculation  

After sterilization of the media, it was allowed to cool 

down (up to 50oC) at RT & shifted in glass bottles, 

then the leaf disks were inoculated on the medium, 

media for regeneration was remain in flasks and the 

leaf disks were directly inoculated in the glass bottles. 

Then these bottles were incubated in growth chamber 

at 28± 2oC for the formation of callus.  

 

Sample preparation from callus 

Once the callus was obtained, the sample was made 

from it using ethanol as an organic solvent. Because of 

the flexibility and changeability of ethanol with water 

and furthermost of the organic solvents it is used to 

formulate samples (Franco et al., 2008, Lide 2000). 

Ethanol’s solvent polarity effects qualitatively as well as 

quantitatively on the antioxidants of plant extracts. It is 

known to give huge amount of polyphenols from plant 

abstracts (Weinhold et al., 1974).  

 

For three hours sample and solvent were mixed using 

magnetic stirrer. The solvent was added after the 

determination of weight which was then followed by 

filtration of aqueous extract by using Whatman filter 

paper of grade number four. Until the extracts was 

completely extracted from mixture, the mixing and 

filtration process was repeated for three times. The 

aqueous part was separated by distillation at 78°C 

from solvent which was stored later at 4°C for future 

use. Antioxidant’s profiling and biochemical analysis 

were carried out then.  

 

Total Contents of Phenolics 

Total phenolics were checked by FCR method of 

Singleton et al., (1965). Standard was prepared using 

Galic acid. 
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Total Flavonoids Contents 

Total Flavonoids were calculated by colorimetric 

assay of aluminium chloride. Standard was prepared 

using quercetin. 

 

Power to reduce 

The power to reduce of ethanol extracts of plants 

holds was checked according to the methodology of 

Oyaizu (1986). 

 

Total Antioxidant’s activity  

Sum antioxidant’s activity was measured by 

modifying phosphomolybdate method given by Prieto 

et al., (1999) using α-tocopherol as a standard. Total 

antioxidants activity articulated as µg correspondent 

of α-tocopherol. 

 

Estimation of total proteins contents (mg/g) 

Total proteins contents were estimated by using the 

method reported by Lowry et al., (1951). Standard was 

made using albumin. 

 

Estimation of total carbohydrates (mg/g) 

It was estimated by the method reported by 

Montgomery (1961). Concentration of reducing sugar 

was calculated from the standard graph that was 

prepared in same manner as test sample by using 

different concentration of the glucose. 

 

Estimation of reducing sugar (mg/g) 

Reducing sugars were determined by the method 

reported by Miller (1959). 

 
Results and discussion  

Biochemical analysis 

In mutagenesis seeds are frequently used because of 

their capability to regenerate. In-vitro techniques can 

be used for both seed and vegetatively propagated 

varieties. When mutagenesis treatment collaborates 

with plant tissue culture technique, the methods for 

breeding programs are boosted up and plants primary 

as well secondary metabolites are enhanced. In 

present investigation, highest total proteins were 

noted in the callus of plant treated with 0.2% sodium 

azide which was higher than the control plant’s callus. 

At each given concentration, the total proteins were 

augmented as compared to control which had the 

lowest protein contents. Reducing sugars showed 

some fluctuating results. Highest were seen in the 

callus of plant treated with 0.1% sodium azide. 

Whereas it showed almost equal amounts in the 

callus of 0.3% and 0.4% treated plant, It is reported 

with some evidences that not all species in tissue 

culture are capable of metabolizing sodium azide 

(Dotson 1986, Wang et al., 1987) which was effective 

mutant in barley, pea and rice (IATA 1977, Owais et 

al., 1983, Kleinhofs et al., 1978, Gleason, et al., 1974, 

Power 1987) but is barely operative in Arabidopsis 

(Witrezens et al., 1988). 

 

Fig. 1. Effects of different concentrations of SA on 

total proteins, total sugars and reducing sugars in 

callus of sunflower.  

 

Antioxidants’ Profiling 

Total Phenolics  

The first effort to begin sunflower callus that would 

discriminate into whole plants were made in 1974 by 

Gleason et al., 1974. The earliest report of positive 

plant regeneration from sunflower callus was by 

reported by Sadhu. The solicitation of biotechnological 

approaches for taming the physiognomies of sunflower 

is restricted chiefly by the difficulty of regenerating 

plants in a reproducible and well-organized way. 

Regenerability of Sunflower by organogenesis is 

significantly capricious and hinge on genotype, 

particular media constituents and the nature of the 

explant (Power 1987, Witrzens et al., 1988, Espinasse 

et al., 1989, Chraibi et al., 1992, Dhaka et al., 2002, 

Berrios et al., 1999, Berrios et al., 1999). 
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The methanol abstract unveiled the uppermost total 

phenolics content, whereas the contents gained with 

remaining aqueous portion were much lesser that is 

in agreement with other reports  (C. Ao et al., 2008). 

The total phenolics compounds increased after 

respective treatments as compared to control plants. 

The highest phenolics compounds were noted in plant 

treated with 0.5% SA, which was highest among all 

plants. Phenolic compounds of plants are also very 

essential for their hydroxyl groups’ converse 

rummaging capacity (X. P. Nunes et al., 2012) . It is 

also reported previously that not all species in tissue 

culture are capable to metabolize sodium azide to the 

mutagenic agent (Dotson 1986, Wang et al., 1987) 

which is powerful mutant in barley, pea and rice 

(Awan et al., 1980, Prina et al., 1983) but is scarcely 

operational in Arabidopsis (Gichner et al., 1994). 

 

Fig. 2. Effects of different concentrations of SA on 

total phenolics (µg/ml) in callus of sunflower.  

 
Total flavonoids 

Plant in vitro cultures are well-known to produce and 

mount up sundry medicinally valuable secondary 

metabolites (Matkowski 2008). Cultured plant cells 

produce, accrue and sometimes emanate numerous 

classes of metabolites. Medicinal complexes are of 

certain interest and extensive steps has been fervent 

to obtaining some of the utmost dynamic and 

exquisite therapeutics. Several alkaloids, saponins, 

cardenolides, anthraquinones, polyphenols and 

terpenes have been reported from in vitro cultures 

and reviewed several times have been reviewed 

(Misawa 1994, Mulabagal et al., 2004). 

 
The results found after sodium azide treatment were 

quite interesting. The flavonoids contents were 

enhanced after treatment. As compared to control 

plants the flavonoids contents were found to be 

higher in plant treated with 0.5% SA. Cakir et al., in 

2003 also reported that plant extracts having rich 

flavonoids exhibit higher antioxidant’s activity. 

 

Fig. 3. Effects of different concentrations of SA on 

total flavonoids (µg/ml) in callus of sunflower. 

 

Reducing Power 

The reducing power of plants treated with SA show 

elevated effect. In comparison to control plant the 

highest reducing power was noticed in plant treated with 

0.5% which was much higher than the control plant. 

 

Fig. 4. Effects of different concentrations of SA on 

reducing power in callus of sunflower.  

 

Total Antioxidants Activity  

Numerous methods have been used to define the 

antioxidant activity in vitro in order to permit quick 

screening of constituents since constituents that have 

low antioxidant activity in vitro, will possibly display 

diminutive activity in vivo (Tadhani 2007). In herbal 

sweetener Stevia rebaudiana callus extracted with 

water and methanol had greater antioxidant activity 

than the leaves of field-grown plants, which was allied  
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with the greater levels of flavonoids and total 

polyphenols. In current analysis compared to control 

plants the treated ones showed varied results. Highest 

antioxidants activity was found to be in the plant 

treated with 0.1% and 0.3% SA.  

 

Fig. 5. Effects of different concentrations of SA on 

antioxidant’s activity (mg/ml) in callus of sunflower.  

 

References  

Ao C, Li A, Elzaawely AA, Xuan TD, Tawata S. 

2008. Evaluation of antioxidant and antibacterial 

activities of Ficus microcarpa L. fil. extract. Food 

control Oct 1 19(10), 940-8. 

 

Aruoma. 2003. Methodological considerations for 

characterizing potential antioxidant actions of 

bioactive components in plant foods, Mutat Res    

523–524, 9-20. 

 

Awan MA, Konzak CF, Rutger JN, Nilan RA. 

1980. Mutagenic Effects of Sodium Azide in Rice 1. 

Crop Science 20(5), 663-8. 

 

Berrios EF, Gentzbittel L, Alibert G, Griveau 

Y, Bervillé A, Sarraf A. 1999. Genetic control of in 

vitro‐organogenesis in recombinant inbred lines of 

sunflower (Helianthus annuus L.). Plant breeding Sep 

118(4), 359-61.   

 
Berrios EF, Gentzbittel L, Serieys H, Alibert 

G, Sarrafi A. 1999. Influence of genotype and 

gelling agents on in vitro regeneration by 

organogenesis in sunflower. Plant cell, tissue and 

organ culture 59(1), 65-9.  

 

Cakir A, Mavi A, Yıldırım A, Duru ME, 

Harmandar M, Kazaz C. 2003. Isolation and 

characterization of antioxidant phenolics compounds 

from the aerial parts of Hypericum hyssopifolium L. 

by activity-guided fractionation. Journal of 

Ethnopharmacology 87, 73–83.  

 

Chraibi KM, Castelle JC, Latche A, Roustan 

JP, Fallot J. 1992. A genotype-independent system 

of regeneration from cotyledons of sunflower 

(Helianthus annuus L.) the role of ethylene. Plant 

Science 86(2), 215-21. 

 

Dhaka N, Kothari S. 2002. "Phenylacetic acid 

improves bud elongation and in vitro plant 

regeneration efficiency in Helianthus annuus L," 

Plant cell reports 21, 29-34. 

 

Donini P, Sonnino A. 1998. Induced mutation in 

plant breeding: current status and future outlook. In: 

Jain SM, Brar DS & Ahloowalia BS (eds) Somaclonal 

Variation and Induced Mutations in Crop 

Improvement (pp. 255–291). Kluwer Academic 

Publishers, Dordrecht. 

 

Dotson SB. 1986. "Sodium azide as a maize tissue 

culture mutagen," University of Minnesota. 

 

Espinasse A, Lay C. 1989. "Shoot regeneration of 

callus derived from globular to torpedo embryos from 

59 sunflower genotypes," Crop Science 29, 201-205. 

 

Franco D, Sineiro J, Rubilar M, Sánchez M, 

Jerez M, Pinelo M, Costoya N, Núñez MJ. 

2008. Polyphenols from plant materials: extraction 

and antioxidant power. Electron. J. Environ. Agric. 

Food Chem 7(8), 3210-6. 

 

Gichner T, Badayev SA, Demchenko SI, 

Relichova J, Sandhu SS, Usmanov PD, 

Usmanova O, Velemínský J. 1994. Arabidopsis 

assay for mutagenicity. Mutation Research/ 

Fundamental and Molecular Mechanisms of 

Mutagenesis 310(2), 249-56. 

 

0

0.5

1

1.5

2

To
ta

l A
n

ti
o

xi
d

an
t'

s 
A

ct
iv

it
y

Concentration of SA (µg/ml)



 

415 Khaskheli et al.  

 

Int. J. Biosci. 2018 

Halliwell B. 1995. Antioxidant characterization. 

Methodology and mechanism, Biochem Pharmacol 

49, 1341-1348. 

 

Humphrey PA. Gleason grading and prognostic 

factors in carcinoma of the prostate. Modern 

pathology. 2004 Mar 17(3), 292. 

IATA. 1977. "technical Report Series," Manual on 

mutation breeding, p. International Atomic Energy 

agency. Vienna. 

 

Kleinhofs A, Warner RL, Murhlbauer FJ, 

Nilan RA. 1978. Induction and selection of specific 

gene mutations in Hordeum and Pisum. Mutation 

Research/Fundamental and Molecular Mechanisms 

of Mutagenesis 51(1), 29-35. 

 

Larkin PJ. 1998. Introduction. In: Jain SM, Brar DS 

& Ahloowalia BS (eds) Somaclonal Variation and 

Induced Mutations in Crop Improvement (pp 3–13). 

Kluwer Academic Publishers, Dordrecht 

 

Lide DR. 2000. "Handbook of Chemistry and Physics 

81st edition, Sec. 11," ed: CRC Press, Boca Raton. 

 
Lowry OH, Rosebrough NN, Farr AL, Randell 

RJ. 1951. Protein measurement with Folin Phenol 

reagent. J. Biol. Chem 193, 256-257. 

 

Matkowski A. 2008. "Plant in vitro culture for the 

production of antioxidants—a review," Biotechnology 

advances 26, 548-560. 

 
Miller GL. 1959. Use of dinitrosalicylic acid reagent 

for the determination of reducing sugar. Anal. Chem 

31, 426-429. 

 
Misawa M. 1994. "Plant Tissue culture: an 

alternative for production of useful metabolite," FAO 

Agricultural Services Bulletin, vol. No 108. 

 
Misawa. 1994. Plant tissue culture: an alternative for 

production of useful metabolite, FAO Agricultural 

Services Bulletin No. 108, Food and Agriculture 

Organization of the United Nations, Roma, Italy. 

 

Montogomery R. 1961. Further studies of the 

phenol sulphuric acid reagent for carbohydrates, 

Biochem. Biophs Act 48, 591-593. 

 

Mulabagal V, Tsay HS. 2004. "Plant cell cultures-

an alternative and efficient source for the production 

of biologically important secondary metabolites," Int 

J Appl Sci Eng 2, 29-48. 

 

Murashige T, Skoog F. 1962. A revised medium for 

rapid growth and bioassays with tobacco tissue 

cultures. Physiol. Plant 15, 473-497. 

 

Nunes XP, Silva FS, Almeida JR, de Lima JT, 

de Araújo Ribeiro LA, Júnior LJ, Barbosa 

Filho JM. 2012. Biological oxidations and 

antioxidant activity of natural products. In 

Phytochemicals as nutraceuticals-Global Approaches 

to Their Role in Nutrition and Health. InTech. 

 

Owais WM, Rosichan JL, Ronald RC, Kleinhofs 

A, Nilan RA. 1983. A mutagenic metabolite 

synthesized by Salmonella typhimurium grown in the 

presence of azide is azidoalanine. Mutation 

Research/Genetic Toxicology 118(4), 229-39. 

 

Oyaizu M. 1986. "Studies on products of browning 

reaction," The Japanese Journal of Nutrition and 

Dietetics, vol. 44, 307-315. 

 

Power CJ. 1987. "Organogenesis from Helianthus 

annuus inbreds and hybrids from the cotyledons of 

zygotic embryos," American journal of botany           

pp. 497-503. 

 

Prieto P, Pineda M, Aguilar M. 1999. 

Spectrophotometric Quantitation of Antioxidant 

Capacity through the Formation of a 

Phosphomolybdenum Complex: Specific Application 

to the Determination of Vitamin E. Anal Biochem 

269, 337-341. 

 

Prina AR, Favret EA. 1983. "Parabolic effect in 

sodium azide mutagenesis in barley," Hereditas 

98, 89-94. 

 

Rout GR, Samantaray S, Das P. 2000. In vitro 

manipulation and propagation of medicinal plants, 

Biotechnol Adv 18, 91–120. 

 



 

416 Khaskheli et al.  

 

Int. J. Biosci. 2018 

Rout GR, Samantaray S, Das P. 2000. In vitro 

manipulation and propagation of medicinal plants. 

Biotechnology advances 18(2), 91-120. 

 

Singleton VL, Rossi JA. 1965. "Colorimetry of 

total phenolics with phosphomolybdic-

phosphotungstic acid reagents," American journal of 

Enology and Viticulture 16, 144-158. 

 

Soobrattee MA, Neergheen VS, Luximon-

Ramma A, Aruoma OI, Bahorun T. 2005. 

Phenolics as potential antioxidant therapeutic agents: 

mechanisms and actions, Mutat Res 579, 200-213. 

 

Tadhani MB, Patel VH, Subhash R. 2007. In 

vitro antioxidant activities of Stevia rebaudiana leaves 

and callus. Journal of Food Composition and Analysis 

20(3-4), 323-9. 

 

Van Harten AM. 1998. Mutation Breeding: 

Theory and Practical Applications. Cambridge 

Univ. Press, Cambridge. 

 

Vanisree M, Tsay HS. 2004. Plant cell cultures-an 

alternative and efficient source for the production of 

biologically important secondary metabolites, Int J 

Appl Sci Eng 2, 29-48. 

 

Verpoorte R, Contin A, Memelink J. 2002. 

Biotechnology for the production of plant secondary 

metabolites, Phytochem Rev 1, 13-25. 

 

Verpoorte R, Contin A, Memelink J. 2002. 

Biotechnology for the production of plant secondary 

metabolites. Phytochemistry reviews 1(1), 13-25.  

 

Wang AS, Hollingworth MD, Milcic JB. 1987. 

Mutagenesis of tissue cultures. Maize Genet. Newsl 

61, 81-3.  

 

Weinhold PA, Rethy VB. 1974. "Separation, 

purification, and characterization of ethanolamine 

kinase and choline kinase from rat liver," 

Biochemistry 13, 5135-5141. 

 

Witrzens B, Scowcroft WR, Downes RW, 

Larkin PJ. 1988. Tissue culture and plant 

regeneration from sunflower (Helianthus annuus) 

and interspecific hybrids (H. tuberosus x H. annuus). 

Plant Cell, Tissue and Organ Culture 13(1), 61-76. 

 

 

 

 

 

 


