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Abstract 

 

The globalization has increased the need for development of health foods that satisfy the consumer in terms 

of convenience, acceptability and maximum shelf-life along with nutritional benefits. In the view of the 

alarming global and national situation with reference to diabetes and hypercholesterolemia on one hand and 

effectiveness of various food and herbs in controlling the disease on the other, an investigation was 

conducted to develop a functional food formulation by making use of locally available foods. Four 

composite mixes were developed using wheat, ragi, bajra, soy bean, flax seed powder, cluster bean powder, 

drumstick leaves powder and amrutballi stem powder. Composite mixes were subjected to chemical analysis 

namely macronutrient, micronutrients using standard protocols. Significant differences were observed 

among the mixes. Macronutrients analysed were moisture, protein, fat, crude fiber, carbohydrate and 

energy. The values ranged from 5.76-6.86, 15.34-17.96, 4.33-6.33, 2.84-3.44, 64.39-66.29g and 373.23-

384.19 kcal/100g respectively. Micronutrients analysed were calcium, phosporous, iron, zinc, tannins and 

phytates, the values ranged from 211.33-355.08, 275.10-368.16, 7.3-7.96, 2.46-3.52, 401-589.16, 192.75-

235.26 mg/100g respectively. Addition of the functional ingredients to the cereal and millet base improved 

their nutritive value in terms of both macro as well as micro nutrients.  

Keywords: macronutrients, micronutrients, composite mixes, functional ingredients, ,diabetes, 

hypercholestrolemia 

INTRODUCTION  

Currently, functional foods are gaining acceptance in the scientific fraternity. Food or diet plays a 

major role in management of diabetes mellitus and hypercholesterolemia.  Such a diet could be formulated 

by incorporation of natural plant extract/parts with known antidiabetic and hypercholestrolemic property. 

Such composite flour formulation would be acceptable for long time therapeutic usage without any side 

effects. Judicious variations in these foods could prevent therapeutic dietary regimens and monotony in food 

habit. 
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MATERIALS AND METHODS  

Raw materials viz., wheat, ragi, bajra, soyabean, clusterbean, drumstick leaves, flaxseed and 

amrutballi were selected for the development of functional food formulation. Selection of raw materials was 

based on evidences reported in literature on local availability and acceptability among the local population. 

Four composite mixes were developed using major ingredients ragi, bajra, wheat and semolina.  Composite 

flour was analyzed for the nutrients namely moisture, protein, fat, ash, crude fiber, calcium, phosphorus, 

iron and zinc. Analysis was done using standard protocols. Carbohydrate content of samples was computed 

by difference method. Results were expressed on dry weight basis.  

RESULTS AND DISCUSSION  

The macronutrient and micronutrient composition of the mix is presented in table I and II.  

At present about 85-90 per cent of the wheat consumption in India is in the form of chapatti. Earlier 

reports have indicated that acceptable products can be developed using a wide variety of composite flour 

mixes. All the above mentioned reports have used predominantly grains in their formulation. In the present 

study attempt is being made to highlight wholesomeness and holistic approach to the disease, vegetable, 

green leafy vegetable and herbal powders were included along with the grains. Chemical composition of the 

formulated mixes and the nutritional composition of four composite flours that were developed was 

estimated. Results are discussed below. 

A. Moisture 

In the present study, moisture values ranged from 5.76 to 6.86 per cent. These values are lower than 

those reported for similar products [1]. A moisture content as 8.09 per cent (Ragi+Cowpea), 8.26 per cent 

(Ragi+Greengram), 7.57 per cent (Rice+Redgram) and 8.31 per cent (Jowar+Cowpea) in composite mixes 

was reported. Chetana (2008) reported a moisture value of 11.50 per cent in composite mix I (Pearlmillet, 

Sorghum, Green gram and Soyabean) and 12.67 per cent in composite mix II (Finger millet, Sorghum, 

Green gram and Soyabean).  Low moisture content is a desirable attribute in increasing shelf life. Thus, the 

optimum moisture values were responsible for increased shelf life. 

B. Protein  

Proteins are important constitutes of tissues and cells of the body. Proteins in the form of enzymes 

and hormones are the basis for vital metabolic processes in the body. In the present study protein content 

ranged from 15.34 to 17.96g/100g. Protein value of 11.5g g/100g in composite mix I (Pearlmillet, Sorghum, 

Green gram and Soyabean) and 10.80g/100g in composite mix II (Finger millet, Sorghum, Green gram and 

Soyabean) were reported in [2]. 

In the present study protein content of wheat based composite mix (composite mix I) was found to 

be higher compared to ragi and bajra based composite mixes. Protein content of wheat flour is reported to be 

12.1 per cent [3]. Protein of wheat is deficient in essential amino acids lysine and threonine [4][5]. The 
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addition of the functional ingredients such as soyabean and flax seed in the composite mix has resulted in 

the increase in the protein content of the formulation. Similarly protein content of ragi, bajra and semolina 

have been reported as 7.3, 11.6 and 10.4 g/100g respectively [3].The protein content of the formulations 

from the respective grains were higher. Thus, 100g of the formulation will be sufficient to meet around 1/4th 

to 1/5th of Recommended Dietary Allowances. 

C. Fat 

Fat is a concentrated source of energy and increases the energy density of the diet. Fat in the diet 

also helps in the absorption of beta-carotene and other fat soluble vitamins [3]. For diabetics it is 

recommended that 15-25 per cent of the total calories can be derived from fat [6].  Similar values were 

reported for composite mixes (Ragi+Cowpea, Ragi+Greengram, Rice+Redgram and Jowar+Cowpea) 

ranged from 2.42 – 3.04g per 100g /100g [1]. 

In the present study fat content ranged from 4.43 - 6.33g /100g. The bajra based composite mix 

(composite mix II) was found to be higher in fat content. Fat content of the bajra is reported to be higher 

than wheat and ragi (1.7, 1.3%) [3]. Overall higher values of fat may be attributed to the addition of 

functional ingredients soyabean and flax seed.  

D. Carbohydrates 

Cereals, millets and legumes are a source of complex carbohydrates. Complex carbohydrates are 

being recommended for diabetics. Sixty to seventy (60-70) per cent of the total calories should be 

contributed through carbohydrates [6]. The carbohydrate content in the food compositional table for wheat, 

bajra, ragi and semolina are reported as 69.4, 67.5, 72.0 and 74.8 g/100g respectively. In the present study 

carbohydrate content ranged from 64.39 to 66.47g per 100g. The marginally lower carbohydrates in these 

products have an advantage for diabetic and hypocholesterolemic diet. 

E. Crude fibre 

Fibre is that part of food that is not digested by the gut and is considered as unavailable 

carbohydrate. Diets containing high dietary fibre can reduce blood sugar and serum cholesterol. Intake of 25 

g of dietary fibre per 1000 calories is considered to be optimum for a diabetic [6].  In the present study crude 

fiber content ranged from 2.84 – 3.40 g/100g and wheat based composite mix (Composite mix III) was 

found to be higher (3.40 g/100g). According to the earlier report [2] these values are marginally lower for 

similar product i.e crude fiber content of 1.94 g/100g  in composite mix I (Pearlmillet, Sorghum, Green 

gram and Soyabean) and 2.15 g/100g  in composite mix II (Finger millet, Sorghum, Green gram and 

Soyabean).  

Crude fiber content of the wheat flour is 1.9 g/100g. Similarly the crude fiber content of ragi, bajra, 

and semolina has been reported as 3.6, 1.2 and 0.2g/100g according to food composition table. The crude 

fiber content of these formulations were 3.20, 2.84 and 3.08 g/100g respectively. Thus, the additions of the 

functional ingredients have resulted in an increase in the crude fiber content of the semolina, wheat and 



 

                                                                                                                                              Volume 5 / Issue 6 4 

bajra based formulations. According to earlier report[7] cereal fiber reduces the risk of diabetes and the 

protective effect of whole grains is by the insoluble cereal fiber.  

F. Energy 

Energy is essential for activity, growth and rest. Dietary management of Energy (calories) intake is 

important in diabetes. The total daily intake of calories should be distributed as carbohydrates (60-65%), 

proteins (15-20%) and fats (15-25%) in the diet for a diabetic [6].  In the present study energy contents 

ranged from 373.23 - 384.19 kcal per 100g. Bajra based composite mix (Composite mix II) was found to be 

high in eneregy. Energy content of the bajra have been reported as 361 [3]. Energy content of ragi, wheat 

and semolina were reported as 328, 341 and 348 kcal /100g respectively. The energy content of these 

formulations was 383.48, 375.84 and 373.84kcal /100g respectively. Thus, the additions of functional 

ingredients have resulted in the increase in energy content. Thus, 100 g of composite mix will be sufficient 

to meet 1/4th to 1/5th of the energy intake of the Recommended Dietary Allowances. 

Micro nutrient composition of formulated composite mixes is presented in table II 

a. Calcium and Phosphorus 

Calcium is the most abundant mineral in the body and essentially all the body processes require 

calcium. Adequate calcium intake can potentiate the advantage of physical activity and estrogen on bone 

[8]. In the present study calcium content ranged from 211.3 to 355.08 mg /100g. Ragi based composite mix 

was found to be higher. These values are higher (85.37 and 207.3mg per 100g) than those reported earlier 

by [2].  

As per the food composition table the calcium content of wheat, ragi, bajra and semolina are 48, 344, 

42 and 16 respectively. The daily requirement of calcium for an adult is 400 mg/100g. Wheat and bajra can 

be called as moderate source while semolina is a poor source. Thus, it can be stated that the addition of 

functional ingredients has increased the calcium content and 100 g of ragi based composite mix is sufficient 

to meet the marginal Recommended Dietary Allowance for adults. 

Utilization of calcium is closely linked with that of phosphorus, since most of the calcium in the 

body is deposited as calcium phosphate. Phosphorus is also a component of nucleic acids and as phosphate 

esters plays an important part in the cellular metabolism of other nutrients like carbohydrate, fat, etc. In the 

present study phosphorus content ranged from 275.10-368.16 mg/100g. The wheat based composite mix 

(Composite mix III) was found to contain higher. The ratio 1:1 of calcium and phosphorus is desirable [4]. 

The reported phosphorus content for wheat, ragi, bajra and semolina are 355, 283, 296 and 102 mg/100g. In 

the present study the developed formulations had 275.10-368.16 mg/100g confirming that the addition of 

functional ingredients resulted in better calcium to phosphorus ratio. 

b. Iron 
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About 3-5 g of iron is present in healthy adult. 70 per cent is in a functional form as a constituent of 

haemoglobin, myoglobin and number of enzymes which catalyze oxidation and reduction processes in the 

cell. The remaining 30 per cent is stored as ferritin and haemosiderin. As per the food composition table 

wheat, bajra, ragi and semolina are 4.9, 8.0, 3.9 and 1.6 mg/100g respectively. The daily requirement of iron 

for an adult female and male is 30 and 28 mg /100g respectively [3]. In the present study, iron content 

ranged from 7.30–7.96 mg /100g. Iron content of the formulation mixes were found to be higher in bajra 

based composite mix (Composite mix II). Thus, it can be stated that additions of functional ingredients have 

increased the iron content. Thus, 100 g of flour is sufficient to provide 1/4th of the Recommended Dietary 

Allowances. 

c. Zinc 

Zinc is an important element performing a range of functions in the body as it is a co-factor for a 

number of enzymes. The adverse effects of zinc deficiency are most prominent in tissues with rapid cell 

turnover, especially the immune system [9]. Since the RDA for zinc is 15 mg/day for an adult. As per the 

food composition table zinc content of bajra, ragi, and wheat are 3.1, 2.3 and 2.2 mg/100g. As in [10] 

reported that among various wheat products semolina was poorest source of iron and zinc (3.71 and 0.45 mg 

/100g respectively). Zinc content of bajra based composite mix was found to be higher. In the present study 

zinc content of the composite mixes ranged from 2.46 – 3.52mg/100g of the mix. Thus, additions of 

functional ingredients have increased the zinc content and it can be stated that 100 g of composite mix is 

sufficient to meet 1/5th of the Recommended Dietary Allowances. 

d. Sodium and Potassium 

Sodium and potassium are important constituents of fluid present outside and within the cells. Proper 

concentration of these electrolytes is essential to maintain osmotic balance [3]. Many observations and 

clinical studies over the past century implicated salt (sodium and chloride) intake with hypertension [11]. 

About 0.6 to 3.5 g is an adequate daily intake for sodium [4]. Since hyperglycemia and 

hypercholesterolemia are associated with hypertension and some times renal complication, a functional food 

for this population should have a known sodium and potassium. Thus, the sodium and potassium content of 

the functional food formulation was estimated. 

In the present study sodium content ranged from 23.20 to 24.46 mg/100g. According to the earlier 

report [3] Wheat based composite mix (Composite mix III) was found to be slightly higher compared to 

other mixes. Sodium content of wheat flour is 20 mg. Thus, there was marginal increase in sodium content 

with the addition of functional ingredients. A high intake of potassium has been reported to protect against 

increased blood pressure and other cardiovascular risks [12]. In plant foods, potassium is present in higher 

concentration than sodium by a factor of 10-50 folds. Sodium and potassium are present in all foods 

particularly so in fruits and vegetables [3]. In the present study potassium content ranged from 490.10-

695.30 mg/100g. Ragi based composite mix (Composite mix I) was found to be higher. According to food 

composition table ragi has a higher (408 mg/100g) potassium content compared to other cereals. Addition of 
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functional ingredients and vegetables (Drumstick leaves and cluster bean) has increased the potassium 

content in the formulations. 

 Tables 

TABLE I: MACRONUTRIENT COMPOSITION OF DIFFERENT COMPOSITE FUNCTIONAL FOOD 

FORMULATION 

 

Composite mixes Moisture (%) Protein (g) Fat (g) Fiber (g) Carbohydrate 

(g) 

Energy 

(Kcal) 

Composite mix I 5.76 16.90 6.03 3.20 64.39 383.48 

Composite mix II 6.76 15.34 6.33 2.84 66.47 384.19 

Composite mix III 6.86 17.96 5.33 3.40 65.07 375.84 

Composite mix IV 6.17 17.65 4.33 3.08 66.29 373.23 

F -value * * * * * * 

SEm± 0.003 0.003 0.01 0.02 0.00 0.30 

CD 0.01 0.01 0.03 0.07 0.01 0.91 

*Significant at 5 per cent level 

 

TABLE II: MICRONUTRIENT COMPOSITION OF COMPOSITE FUNCTIONAL FOOD 

FORMULATION 

Composite 

mixes 

Ash 

(%) 

Calcium 

(mg) 

Phosphorous 

(mg) 

Iron 

(mg) 

Zinc 

(mg) 

Sodium 

(mg) 

Potassium 

(mg) 

Composite 

mix I 

2.68 355.08 333.50 7.96 3.52 24.46 695.30 

Composite 

mix II 

2.25 249.00 356.16 7.78 3.28 24.36 603.76 

Composite 

mix III 

2.44 258.67 368.16 7.48 3.14 24.46 605.68 

Composite 

mix IV 

2.47 211.33 275.10 7.30 2.46 23.20 490.10 

F -value * * * NS * * * 

SEm± 0.02 0.99 0.32 2.49 0.02 0.33 0.40 

CD 0.07 2.92 0.96 - 0.16 0.98 1.18 

*Significant at 5 per cent level  

  NS- non significant 

CONCLUSION  
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Locally available ingredients with known functional value such as, ragi, bajra, whole wheat, soybean, flax 

seed, drumstick leaves, cluster beans and amrutaballi stem powder can be used to formulate nutritional 

composite mixes. The clinical trials for evaluating other functional food formulations can be attempted. 
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