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ABSTRACT 

Medicinal plants are the most exclusive source of life saving drugs for the majority of the world’s population. Since time immemorial, man has used 

various plant parts in the treatment and prevention of various ailments. They are of great interest to the researchers in the field of biotechnology as 

most of the drug industries depend, in part, on plants for the production of pharmaceutical compounds. Plants provide biologically active 

metabolites and lead structures whose activities can be enhanced by manipulation through combinations with chemicals and synthetic chemistry. 

These metabolites can be exploited in the field of new drugs research and for the development of modified derivatives with enhanced activity and 

reduced toxicity. In present investigation, callus raised from leaf explant and different plant parts (leaves, stems and roots) of Jatropha curcas Linn. 

were evaluated for their biochemical estimation of primary metabolites quantitatively. Results showed that maximum callus was obtained on MS 

medium supplemented with a combination of IAA+ Kn. Maximum content of soluble sugars and proteins were found in callus and starch, lipid and 

phenolic contents were found in leaf. It further concludes that Jatropha curcas serves as a rich source of primary metabolites which can be used as 

raw material in industries.  
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INTRODUCTION 

Plants have served as an integral part of human civilization across 

the continents since time immemorial. They have been used to treat 

or prevent illness since before recorded history. The sacred Vedas 

dating back between 3500 B.C. and 800 B.C. give many references of 

medicinal plants. One of the remotest works in traditional herbal 

medicine is “Virikshayurveda”, compiled even before the beginning 

of Christian era. Some of the traditional medicines are still included 

as part of the habitual treatment of various diseases1,2. Plants are 

like natural laboratories where a great number of chemicals are 

biosynthesized and provide the most important source of chemical 

compounds. 

Primary metabolites are substances widely distributed in nature, 

occurring in one form or another in virtually all organisms. They are 

of prime importance and essentially required for growth and 

development of plants for example; sugars, proteins, lipids, and 

starch. In plants such compounds are often concentrated in seeds 

and vegetative storage organs and are needed for physiological 

development because of their role in basic cell metabolism3. Primary 

meabolites are mainly used as industrial raw materials, food or food 

additives. Many primary metabolites lie in their impact as 

precursors or pharmacologically active metabolites of 

pharmaceutical compounds such as antipsychotic drugs4, 5, 6, 7. 

Primary metabolites viz., chlorophyll, amino acids, nucleotides and 

carbohydrates have a key role in metabolic processes such as 

photosynthesis, respiration and nutrient assimilation. Many plants 

such as Nerium indicum, Gloriosa superba, Ricinus communis and 

Euphorbia hirta, Alangium salviifolium, Withania Somnifera, Moringa 

oleifera, Pongamia pinnata, Commiphora wightii, Maytenus 

emarginata, Digera muricata have been evaluated for their 

composition of primary metabolites8, 9, 3, 10, 11, 12, 13, 14, 15, 16, 17.  

Jatropha curcas commonly known as physic nut or ratanjyot is a 

large, coarse, erect, perennial, succulent, deciduous, monoecious, 

drought resistant, annual shrub or small tree (6m) with thick 

spreading glorious branches. It can attain a height of up to 8 or 10m 

under favourable conditions. The plant shows articulated growth, 

with a morphological discontinuity at each increment. The tree has a 

straight trunk and smooth, papery, thin often greenish or gray bark, 

masked by large white patches. Bark exudes copious amounts of 

milky latex when cut is made, which is soapy to touch but soon 

becomes brittle and brownish when it dries. The branches are 

ascending, glaborous and stout containing latex having dark green 

leaves. Flowers occur in racemes in a diachasial cyme pattern. Fruits 

are small, yellow, ellipsoid capsule-like in shape about 2.5-4cm long 

by 2-3cm in diameter. Normally 5 roots are formed from seedlings, 

one central and 4 peripheral. A tap root is not usually formed by 

vegetative propagated plants. It is adapted to arid and semi arid 

conditions. It is widely cultivated in tropics and subtropics as an 

ornamental plant and living fence.  

Latex possesses anticancerous and antimicrobial properties18, 19, 20. 

Leaves are regarded as antiparasitic, applied to scabies; rubefacient 

for paralysis, treat rheumatic and muscular pains; also applied to 

hard tumors and used against malaria. Some of the ethnomedical 

uses of the extracts of J. curcas leaves and roots include use as a 

remedy for cancer, as an abortifacient, antiseptic, diuretic, purgative 

and haemostatic. The root methanol extract exhibited anti-

diarrhoeal activity21. Seeds are used for dropsy, gout, paralysis, skin 

ailments and as a source of oil for stimulating hair growth. The oil 

from its seeds has been also found useful for medicinal and 

veterinary purposes22. The sap from twigs is considered styptic and 

is used for dressing wounds and ulcer. The tender twigs of the plant 

are used for cleaning teeth and juice of the leaf is used as an external 

application for piles. A decoction of bark is used externally for 

treating rheumatism and leprosy in Andhra Pradesh. The juice of the 

flowers has numerous medicinal uses. The present study was 

conducted to investigate biochemical estimation of primary 

metabolites viz., total soluble sugar, starch, phenol, proteins and 

lipids of J. curcas. 

MATERIALS AND METHODS 

Plant material 

Healthy plants of J. curcas were collected from State Forest Research 

Institute, Jabalpur, Madhya Pradesh. Plant was authenticated by the 

Herbarium, Department of Botany, University of Rajasthan, Jaipur, 

India. Fresh leaves were taken from pot grown plants for callus 

culture. Callus and all the plant parts were dried and powdered with 

the help of pestle and mortar 

Callus induction 

Leaves were surface sterilized with 0.2% Cedepol for 10-15 minutes 

followed by washing with sterile distilled water to remove the 

detergent. After that, the explants were treated with 0.1% HgCl2 

aqueous solution for 4-5 minutes and then washed thoroughly with 

sterilized distilled water to remove traces of HgCl2. 
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The leaves were then cut into pieces with sterile scalpel. Leaf discs 

were inoculated on to the MS medium23 fortified with different 

concentrations of various auxin and cytokinin. The pH of the media 

was adjusted to 5.7±0.1 before autoclaving. All media flasks were 

sterilized by autoclaving at 121ºC and 15lbs/psi for 15-20 minutes. 

The cultures were incubated under carefully regulated temperature 

and light conditions in an air conditioned room under the ambient 

conditions (25 ± 2ºC; 55-60% RH) and 16 hour photoperiod. 20 

replicate cultures were established and each experiment was 

repeated thrice and the cultures were observed at regular intervals. 

Primary metabolite estimation 

Callus, root, stem and leaf parts of J. curcas were evaluated 

quantitatively to estimate the total content of soluble sugars, starch, 

proteins, lipids and phenols following the established methods for 

the sugars, starch24, protein25, lipid4 and phenol5. All experiments 

were repeated three times for precision and values were expressed 

in mean ± standard deviation.  

RESULTS 

Callus induction 

MS medium supplemented with different concentrations of various 
auxins and cytokinins showed different response for callus 
induction. Leaf showed maximum callus formation on MS medium 
supplemented with a combination of IAA 5.0mg/L + Kn 2.0mg/L. 
The callus produced was green, irregularly lobed, compact and 
friable. It grew profusely and possesses high regenerative potential. 
The ageing of callus showed green color changing to brownish green 
(shown in Table1). Callus obtained after 8 weeks of culture from MS 
medium was further evaluated for primary metabolites. 

 

Table 1: Percentage of callus induction from J. curcas leaves under different levels of IAA and Kn 

S. No. 

  

Phytohormones 

concentration (mg/l) 

Callus induced 

explant (%) 

Nature of callus  

 IAA Kinetin 

1 5.0 0.25 86 ± 5.16 greenish white friable 

2 5.0 0.50 91 ± 3.16 greenish white friable 

3 5.0 1.00 98 ± 4.21 greenish compact 

4 5.0 1.50 100 ± 0.00 green compact 

5 5.0 2.00 100 ± 0.00 green compact 

  

Primary metabolites 

Maximum amount of soluble sugars (73.5±0.18 mg/gdw) was found 

in callus in comparison to plant parts and minimum amount of 

soluble sugar (4.22±0.10mg/gdw) was found in stem. Highest 

amount of starch was found in leaves (6.52±0.06mg/gdw) while 

lowest amount was found to be present in stem (3.63±0.05mg/gdw). 

Callus was found to contain maximum amount of protein 

(41.25±0.17mg/gdw) and minimum amount was shown by root 

(23.16±0.04mg/gdw). Maximum amount of lipid 

(30.22±0.08mg/gdw) was exhibited by leaves while minimum lipids 

(19.73±0.09mg/gdw) were present in root. Leaves were found to 

contain highest amount of phenols (38.97±0.14mg/gdw) while 

minimum phenolic content was found in roots (18.17 ± 

0.20mg/gdw). (Shown in table 2 and fig 1). 

 

Table 2: Primary metabolites from J. curcas in vivo and in vitro 

Plant 

Parts 

Sugar 

mg/gdw 

Starch 

mg/gdw 

Protein 

mg/gdw 

Lipid 

mg/gdw 

Phenol 

mg/gdw 

Leaves 9.24±0.07 6.52±0.06 40.37±0.17 30.22±0.08 38.97±0.14 

Stem 4.22±0.10 3.63±0.05 30.22±0.11 27.47±0.04 22.30±0.09 

Root 6.22±0.11 5.49±0.14 23.16±0.04 19.73±0.09 18.17±0.20 

Callus 10.27±0.08 5.27±0.12 41.25±0.17 12.29±0.07 10.26±0.13 

 

 

Fig. 1: Primary metabolites from various plant parts of J. curcas 
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DISCUSSION 

For centuries plants are globally valued, as they hold medicinal, 

flavouring and aromatic qualities. Now days, there has been an 

increasing interest worldwide on therapeutic values of plants due to 

the presence of natural products. 

Carbohydrates are important group of carbon compounds which are 

essential to sustain life. Numerous polysaccharides purified from 

Chinese medicinal herbs are bioactive and possesses 

immunomodulating, anti-tumour and antibacterial activities26. Sugar 

has large numbers of stereo-isomers, because they contain several 

asymmetric carbon atoms27. Previously, higher content of sugar was 

reported in callus of W. somnifera (73.5±0.18 mg/gdw) and C. 

wightii (78.0±0.42 mg/gdw)11, 15. Plant sugars can be used as 

artificial sweeteners and they can even help diabetics by supporting 

the body in its rebuilding28. In vitro cells accumulate more sugar due 

to its easy availability in culture medium and these cells are in highly 

proliferating stage so they accumulate more primary metabolites 

than storage metabolites (starch, lipid) and secondary metabolites 

(phenolic contents). 

Similarly, higher starch content was reported in the leaves of N. 

indicum (6.00 mg/gdw), W. somnifera (44.2±1.32 mg/gdw), M. 

oleifera (42.0±0.60 mg/gdw) and D. muricata (33.5±1.41 mg/gdw)8, 

11, 12, 17. Starch is one of the most abundant metabolite in plants. 

Wheat, potato and cassava mostly used as food are the major 

sources of starch29. It is biodegradable and renewable in nature. 

Starch is used in cosmetic formulation like face powder and in 

dusting preparations that use aerosol dispensing systems30. It may 

also be used as a substitute for petroleum based plastics31. Starch is 

being increasingly considered as an eco-friendly alternative to the 

use of synthetic additives in many other products, including plastics, 

detergents, pharmaceutical tablets, pesticides, cosmetics and even 

oil-drilling fluids32 which show the potential of studied plants as the 

above mentioned sources. 

Proteins are the primary components of living things. In similar 

studies carried out, amongst the plant parts protein content was 

maximum in leaves of N. indicum (40.00 mg/gdw), W. somnifera 

(40.8±1.15 mg/gdw), D. muricata (78.0±1.01 mg/gdw)8, 11, 17. The 

presence of higher protein level in the plant points towards their 

possible increased food value or that a protein base bioactive 

compound could also be isolated in future33 with various 

activities.  

Lipids are the supporters and storage molecules of cells. They 

provide a diverse group of primary metabolites including fats, 

essential oils, waxes, terpenoids and oleoresin. Previously, higher 

content of lipid was reported in leaves of W. somnifera (42.7±1.18 

mg/gdw), M. oleifera (46.0±0.05 mg/gdw), C. wightii (30.0±0.45 

mg/gdw) and D. muricata (18.3±0.71 mg/gdw) respectively11, 12, 15, 17. 

They are being used by industry as highly stable lubricant and as a 

renewable source of fuel34, 35. The higher amount of plant lipid can be 

used as essential oils, spice oleoresins and natural food colors. 

Increasing research and development has shown that lipids 

obtained from plants serves as products that work with diverse 

requirements, be it culinary, medicinal or cosmetic34. This could be 

the reason that the studied plant was used in folkloric medicines for 

various purposes. 

Phenols play an important role in the precursor of toxic 

substances. In earlier studies phenols were found to be higher in 

leaves of A. salviifolium (53.8±1.60 mg/gdw) and P. pinnata (0.76 

mg/gdw)10, 14. The higher amount of phenols is important in the 

regulation of plant growth, development and diseases resistance. 

They can be used as fungicide, pesticides, an antiseptic, 

disinfectant and in the manufacture of resins, explosives, plastics, 

detergents and pharmaceutical substances and have 

immunomodulating, anti-tumour and antibacterial activities26. 

Plant phenols may interfere with all stages of cancer process, 

potentially resulting in a reduction of cancer risk36. Higher amount 

of phenols was observed in the leaves of the plant, which could be 

one of the reasons of its antimicrobial, antioxidant and insecticidal 

potential. 

CONCLUSION 

Economic use of plants depends partially on the quantitative and 

qualitative aspects of there organic reserves, specially 

carbohydrates, proteins, phenols and lipids. In the present 

investigation highest amount of soluble sugar (10.27±0.08 mg/gdw) 

and protein (41.25±0.17 mg/gdw) was observed in callus, starch 

(6.52±0.06mg/gdw), lipid (30.22±0.08 mg/gdw) and phenol 

(38.97±0.14 mg/gdw) were observed in leaves as compared to other 

parts of the plant. This study suggests that plant parts having rich 

primary metabolites can be used industrially as raw materials 

having commercial importance. These primary metabolites could be 

further used for biosynthesis of secondary metabolites or bioactive 

compounds. Results obtained show the great interest in plant 

pharmaceuticals. 
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