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ABSTRACT 

During the present investigation, comparative study of primary metabolites i.e. Total Soluble Sugar, Starch, Protein, 

Lipids and Phenol of genus Triticum were determined. The two wheat species Triticum aestivum L. and Triticum 

durum desf. were undertaken for study and powdered  seed material was analyzed for their chemical composition. It 

was found that the overall higher amount of Total soluble Sugar, starch, protein, lipids was observed in Triticum 

aestivum L. genotype GW 366 (15.8; 15.6; 22.2; 60.0 mg/gdw) respectively and phenol content was higher in 

another Triticum aestivum L. genotype GW 322 (8.5 mg/gdw). However, minimum value of Total soluble Sugar and 

Phenol was found in Triticum durum desf. genotype HI 8737 (10.0 and 2.8 mg/gdw) respectively, equal lower 

amount of Starch was found in Triticum aestivum L. and Triticum durum desf. genotypes Raj 4238 and MPO 1215 

(6.2 mg/gdw) respectivly. The lowest content of protein and lipids was found in Triticum aestivum L. genotypes Raj 

4238 (10.2 mg/gdw) and GW 322 (7.5 mg/gdw) respectively. The study provided the basis for further investigations 

into the adaptability of the wheat genotypes for the selection of valuable nutrient and nutraceutical quality. 
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I. INTRODUCTION 

Nature is a rich store house of herbal remedies. They are known more and more for their crucial benefits in many 

areas. The medicinal properties of wheat attributed to their chemical compositions. Many of the crop species that 

bestow medicinal herbs have been scientifically assess for their possible medicinal prosperities. Plants play a 

significant role for the development of new remedies for human being. Around 20,000 medicinal plant species have 

been recorded (Dev, 1997). In India, massive coffers of medicinal plants that are used in traditional medical 

treatments. Pharmacological studies have acknowledged the value of medicinal plants as potential source of 

bioactive compounds (Prusti et al. 2008).  
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Human beings have been utilizing wheat crop for basic preventive and curative health care since ancient time. 

Primary metabolites are synthesis during photosynthesis and these compounds is essential for crop life, growth and 

development. Some primary metabolites viz, Total Soluble Sugar, Starch, protein, lipid, Phenol plays a unique role 

in metabolic processes such as photosynthesis, respiration and nutrient assimilation.  Carbohydrates can be divided 

into two main types: available and unavailable. Available carbohydrates are those who digested and absorbed by 

mankind, which include (non-resistant) starch and soluble sugars. Starch is used to store energy. It is the last product 

of photosynthesis and can be stored for later use in seeds. Chemically, starch is a polysaccharide comprised of 

glucose molecules linked together in long chains (Barthakur et al., 1995). In wheat, starch is the most abundant 

component present in the grain endosperm (Lineback and Rasper, 1988). It consists of the glucose polymers, 

amylose and amylopectin.  Proteins are also derived by carbohydrates through the formation of amino acids. Wheat 

is an important source of proteins in vegetarian diet. Grain based foods like wheat which provide complex 

carbohydrates, is the best fuel for our bodies. Wheat is high in fiber, low in fat, full of vitamins (i.e. Thiamin, 

Riboflavin, Niacin), Folic acid and meager amount of iron too. The main characteristic of proteins is their high 

nitrogen content (Fairbairn and Shrestha, 1967).  Essential fatty acids (palmitic and linoleic acids), fat-soluble 

vitamins and phytosterols are important components of wheat grain lipids (Ruibal-Mendieta et al., 2004). Flour 

lipids have a positive effect on formation of dough during the process of bread-making. The volume and softness of 

steamed bread and morphology of short-dough biscuits is also influenced by lipids (Pomeranz et al., 1991; 

Papantoniou et al., 2004).  Phenols are the most important antioxidant compounds of the wheat grain. They are 

mainly made up of phenolic acids and flavonoids (Dinelli et al., 2009). In wheat kernel, polyphenols can be found in 

the free soluble and the bound insoluble forms, both possessing strong antiradicalic power as well as anticancer and 

anti-inflammatory properties (Thompson, 1994) 

 

II STUDY AREA and METHODOLOGY 

In the present study basic primary metabolites of Triticum species seed material of 10 wheat genotypes from 

Agriculture Research Station, Ummedganj, Kota viz. five genotypes of Triticum aestivum L. (Raj 4037, Raj 4238, 

GW 322, GW 366, HI 1544) and five genotypes of Triticum durum desf. (Raj 6560, MPO 1215, HI 8498, HI 8737, 

HD 4728) and used for estimation of primary metabolites (Total soluble sugar, starch, protein, Lipids and Phenol). 

Different protocols were used for the quantitative estimation of primary metabolites. The seed powder of various 

wheat species was used for analysis of Total Soluble Sugar and Starch (Dubois et al, 1951), Protein (Lowry et al, 

1951), Lipids (Jayaraman J., 1980) and Phenol (Bray & Thorpe, 1951). The investigation carried out at the Seminal 

Applied Bioscience Laboratory, Jaipur (Raj.) and Agriculture Research Station, Ummedganj, Kota during 2016-17. 

All experiments were repeated in triplicate and means were calculated. 

 

III ISOLATION AND QUANTIFICATION OF PRIMARY METABOLITES 

Wheat grain were dried and powdered for evaluation of various primary metabolites. 
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3.1 Carbohydrates 

3.1.1 Total Soluble Sugars Extraction 

The dried wheat seed (50 mg each) was homogenized in pestle and mortar with 20 mL of 80% ethanol separately 

and left overnight. Each sample was centrifuged at 1200 rpm for 15 minutes; the supernatants were collected 

separately and concentrated on a water bath using the method of Loomis and Shull (1973). Distilled water was 

added to make up the volume up to 50 mL and processed further for quantitative analysis. 

3.1.2 Starch Extraction   

The residual mass obtained after extraction of total soluble sugars of each of the test samples was suspended in 5 mL 

of 52% perchloric acid (Mc Cready et al , 1950). Later, 6.5 mL of water was added to each sample and the mixture 

was shaken vigorously for 5 minutes. 

3.1.3 Quantitative Estimation 

1mL of aliquot of each sample was used for the estimation of carbohydrates using the phenol sulphuric acid method 

of Dubois et al (1951). A standard regression curve of standard sugar (glucose) was prepared. A stock solution of 

glucose (100μg mL
-1

 ) was prepared in distill water. From this solution, 0.1 to 0.8 mL was pipette out into eight 

separate test tubes and volume was made up to 1 mL with distilled water. These tubes were kept on ice; 1 mL of 5% 

phenol was added in each tube and shaken gently. 5 mL of conc. sulphuric acid added was rapidly poured so that the 

steam hits the liquid and tubes were gently shaken during the addition of the acid. Finally the mixture was allowed 

to stand on water bath at 26-30
0
C for 20 minutes. The characteristics yellow orange colour was developed. The 

optical density was measured at 490 nm using spectrophotometer (Carl Zeiss, Jena DDR, VSU 2 P), after setting for 

100% transmission against a blank (distilled water). Standard regression curve was computed between the known 

concentration of glucose and their respective optical density, which followed Lambert Beer‘s Law. All samples were 

analyzed in the same way as described above and contents of total soluble sugars and starch were calculated by 

computing optical density of each of the samples with standard curve. 

3.2 Proteins Extraction 

The test sample (50mg each) were separately homogenized in 10 mL of cold 10% trichloroacetic acid ( TCA)  for 30 

min and kept at 4
0
C  for 24 hours. These mixtures were centrifuged separately and supernatants were discarded. 

Each of the residues was again suspended in 10 mL of 5% TCA and heated at 80
0 

on a water bath for 30 minutes. 

The samples were cooled, centrifuged and supernatants of each were discarded. The residue was then washed with 

distilled water, dissolved in 10 ml of 1N NaOH, and left overnight at room temperature (Osborne, 1962). 

3.2.1 Quantitative Estimation 

Each of the above samples (1 mL) was taken and the total protein content was estimated using the 

spectrophotometer through method of Lowry et al (1951). A regression curve was prepared. A stock solution of 

BSA (Sigma Chem. Co., St. Louis, USA) was prepared in 1N NaOH (1mgL
-1

). Eight concentrations (ranging from 

0.1 to 0.8 mgL
-1

) were separately measured in test tube and volume of each sample was made to1 mL by adding 

distilled water. To each, 5 mL of freshly prepared alkaline solution (Prepared by mixing 50 mL of 2% Na2CO3 in 0.1 

N NaOH and 1 mL of 0.5 % CuSO4 .5H2O in 1% Sodium potassium tartarate) was added and kept at room 
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temperature for 10 minutes. In each sample 0.5mL of Folin-Ciocalteau reagent (commercially available reagent was 

diluted with equal volume of distilled water just before use) was added rapidly with immediate mixing and optical 

density of each sample was measured after 30 minutes at 750 nm using spectrophotometer against blank. Five 

replicates of each concentration were taken and average value was plotted against their respective concentrations to 

compute regression curve. 

All samples were processed in the same manner and the concentration of the total protein content in each sample 

was calculated by referring the optical density of each sample with standard curve. Five replicates of each 

concentration were taken and their mean value was calculated. 

3.3 Lipids Extraction and Quantification 

The test sample were dried, powdered and 100mg was macerated with 10 mL distilled water, transferred to a conical 

flask containing 30 mL of chloroform and methanol  (2/1:v/v; Jayaram, 1981) . The mixture was thoroughly mixed 

and left overnight at room temperature in dark for complete extraction. Later, 20 mL of chloroform mixed with 2 

mL of water were added and centrifuged. Two layers were  separated, the lower layer of chloroform, which 

contained all the lipids, was carefully collected  in the preweighed glass vials and the colored  aqueous layer of 

methanol which contained all the water soluble substances and thick interface layer were discarded in each test 

sample. The chloroform layers dried in vacuo and weighed. Each treatment was repeated thrice and their mean 

values were calculated. 

3.4 Phenol Extraction 

The deproteinized test materials (200mg each) were macerated with 10 mL of 80% ethanol for 2 hours, and left 

overnight at room temperature. The mixtures were centrifuged  and the supernatants were collected  separately  and 

maintained up  to 40 mL  by adding  80% ethanol . 

3.4.1 Quantitative Estimation 

Total phenol content in each sample was estimated by spectrophotometer method of Bray and Thorpe (1954). It 

includes the preparation of a regression curve of standard phenol (Tannic acid). A stock solution of tannic acid was 

prepared by mixing 40 mg of standard phenol in 1 mL of 80% ethanol. Eight concentrations ranging from 0.1 to 0.8 

mL were prepared in the test tube and volume was raised to 1mL by addition of 80% ethanol. To each test tube , 

1mL  of Folin-Ciocalteau  reagent ( commercially  available  reagent  was diluted  by distilled water  in 1:2 ratio just 

before use)  and 2 mL  of 20% sodium carbonate  solution was  added and then mixture was shaken  thoroughly. The 

samples were placed in boiling water for 1 min and cooled under running water. These reaction mixtures were 

diluted to 25 mL by adding distilled water and optical density was read at 750 nm against a blank. The optical 

density of each sample was plotted against the respective concentration of total phenols to compute regression curve. 

The concentrations in the test samples were calculated by referring the respective optical density of test sample 

against standard curve of tannic acid.  
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IV RESULT AND DISCUSSION  

Biologically active compounds contain a remarkably diverse assay of organic compounds and the carbohydrates are 

not only the first formed organic compounds in the plants as a result of photosynthesis but, also a major source of 

energy. Not only this, all the biochemical compounds are directly/indirectly derived from them for the important 

structure or they also modify the physico-chemical characters of other groups of compounds by combining with 

them. 

4.1 Total Soluble Sugar 

Higher concentration of soluble sugars was observed equal in both wheat species Triticum aestivum L. and Triticum 

durum desf. genotypes (GW 366; 15.8 mg/gdw) and (MPO 1215; 15.8 mg/gdw) respectively and lower 

concentration was observed in Triticum aestivum L. genotype (HI 1544; 12.0 mg/gdw) and Triticum durum desf. 

genotype (HI 8737; 10.0 mg/gdw). Sugar can be used as artificial sweetener and they can even help in diabetes by 

supporting the body in its rebuilding (Freeze, 1998). 

4.2 Starch 

 The highest concentration level of starch was observed in Triticum aestivum L. genotype (GW 366; 15.6 mg/gdw) 

and Triticum durum desf. genotype (HI 8737; 13.6mg/gdw) and lowest concentration level was measured equal in 

both species of Triticum aestivum L. genotype (Raj 4238; 6.2 mg/gdw) and Triticum durum desf. genotype (MPO 

1215; 6.2mg/gdw) respectively. The major sources of starch are wheat, potato and cassava mostly used as food 

(Tester and Karkalas, 2001). Although, starch is also used in cosmetic formulation like face powder and in dusting 

preparations that use aerosol dispensing systems (Griffin and Wang, 1983), Starch may also be used as a substitute 

for petroleum based plastics (Schwach and Averous, 2004). 

4.3 Protein 

 The maximum content of protein was observed in Triticum aestivum L. genotype (GW 366; 22.2 mg/gdw) and 

Triticum durum desf. genotype (MPO 1215; 21.0 mg/gdw), while minimum content was in Triticum aestivum L. 

genotype (Raj 4238; 10.2 mg/g.dw) and Triticum durum desf. genotype (HI 8737; 12.8 mg/gdw). The presence of 

higher protein level in the plant parts towards their possible increase in food value or that a protein based bioactive 

compounds can also be utilized in future for enhancing food quality (Thomsen et. al., 1991). 

4.4 Lipids 

The amount of lipids was maximum in Triticum aestivum L. genotype (GW 366; 60.0 mg/gdw) and equal amount in 

two Triticum durum desf. genotypes (HI 8737 and HD 4728; 20 mg/gdw), minimum amount of lipids was in 

Triticum aestivum L. genotype (GW 322; 7.5 mg/gdw) and Triticum durum desf. genotype (Raj 6560; 8.0 mg/gdw). 

Lipid is a diverse group of primary metabolites, include reserve plant material such as fats, essential oils, waxes 

terpenoids and oleoresin. Plant lipids have developed products that work with diverse requirements, be it culinary, 

medicinal or cosmetic (Yadav and Tyagi, 2006). 

4.5 Phenol 
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The highest content of phenols was observed in Triticum aestivum L. genotype (GW 322; 8.5 mg/gdw) and Triticum 

durum desf. genotype (HI 8498; 5.6 mg/gdw), while lowest content of phenol was in Triticum aestivum L. genotype 

(HI 1544; 4.4 mg/g.dw) and Triticum durum desf. genotype (HI 8737; 2.8 mg/gdw). Phenolic compounds are 

receiving increasing attention, because of their health promoting effects, attributed to their antioxidant activity. 

Indeed, these compounds may have beneficial effects on human health (Meot-Duros and Magne, 2009; Chahal 

et.al., 2011). Phenols possess a number of biological activities such as antioxidant, antiseptic, disinfectant fungicide 

and pesticides. The higher amount of phenols is important in the regulation of plant growth, development and 

diseases resistance. Plant phenols may interfere with all stages of cancer process, potentially resulting in a reduction 

of cancer risk (Hollman, 2001). 

Table1 Estimation of primary metabolites from genotypes of Triticum aestivum L. (mg/gdw)  

S. No. Genotypes 
Primary Metabolite (mg/gdw) 

TSS Starch Protein Lipids Phenol 

1 Raj 4037 14.2 7.2 16.0 10.0 8.0 

2 Raj 4238 13.0 6.2 10.2 10.0 6.7 

3 GW 322 14.4 11.8 19.4 7.5 8.5 

4 GW 366 15.8 15.6 22.2 60.0 6.9 

5 HI 1544 12.0 9.2 14.6 8.0 4.4 

 

Table 2 Estimation of primary metabolites from genotypes of Triticum durum desf. (mg/gdw)  

S. No. Genotypes 
Primary Metabolite (mg/gdw) 

TSS Starch Protein Lipids Phenol 

1 Raj 6560 12.0 11.6 20.2 8.0 4.3 

2 MPO 1215 15.8 6.2 21.0 10.0 4.9 

3 HI 8498 13.2 12.8 14.7 15.0 5.6 

4 HI 8737 10.0 13.6 12.8 20.0 2.8 

5 HD 4728 13.6 9.0 17.0 20.0 3.7 

          Abbreviations : mg/gdw = milli gram dry weight, TSS = Total Soluble Sugar 
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Fig. 1 Total Soluble Sugar of  Triticum aestivum L. (mg/gdw)        Fig. 2 Total Soluble Sugar of  Triticum durum desf. (mg/gdw) 

    

Fig. 3 Starch of Triticum aestivum L. (mg/gdw)                Fig. 4 Starch of Triticum durum desf. (mg/gdw) 

    

Fig. 5 Protein of Triticum aestivum L. (mg/gdw)                 Fig. 6 Protein of Triticum durum desf. (mg/gdw) 

    

Fig.7 Lipids of Triticum aestivum L. (mg/gdw)                  Fig. 8 Lipids  of Triticum durum desf. (mg/gdw) 

    

               Fig. 9 Phenol of Triticum aestivum L. (mg/gdw)                 Fig.10 Phenol of Triticum durum desf. (mg/gdw) 
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      Fig. 11 Comparative performance of primary metabolite’s in Wheat Species 

 

V. CONCLUSION  

During the present research work, It was found that the overall higher level of Total Soluble Sugar, starch, protein, 

lipids was observed in Triticum aestivum L. genotype GW 366 and phenol content was also  higher in Triticum 

aestivum L. genotype GW 322. Similarly, minimum value of Total Soluble Sugar and Phenol was found in Triticum 

durum desf. genotype HI 8737, equal lower amount of starch found in Triticum aestivum L. and Triticum durum 

desf. genotypes Raj 4238 and MPO 1215 respectively. The lowest content of protein and Lipids was in Triticum 

aestivum L. genotypes Raj 4238 and GW 322 respectively. The results revealed that the wheat species are rich in 

primary metabolites and the quantities of these primary metabolites are differs in specific genotypes (Fig. 11). These 

results are indication of primary bioactive compound of commercially importance and may result in great interest in 

pharmaceuticals. Primary metabolites analysis is necessary for knowing the nutritional potential of plants and also 

the precursors for the synthesis of secondary metabolites (Vijayvergia and Kumar, 2007). 
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