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Abstract 

Almost 90% of the wheat produced in India is consumed in the form of chapatti. Wheat is a good major 

source of calorie, minerals, vitamins and photochemical like phenols, fair source of protein, amino acids 

and dietary fibre. However it is deficient in essential amino acids like lysine. Keeping in view these 

things in the present study composite flour was formulated containing wheat, chick pea, finger millet and 

barley in 70:10:10:10 respectively, to supplement wheat flour chapatti. The physico-chemical 

characteristics, nutritional quality and shelf life of the composite flour were investigated. The textural 

properties of composite flour dough and sensory qualities of composite flour chapatti were also analyzed. 

It was found that the ash content, insoluble fibre, energy, calcium and phenol content in composite flour 

were 2.08%, 11.55%, 354 Kcal/100g, 90.8mg/100g and 549.70 mg GAE/100g whereas 2.5%, 9.2%, 344 

Kcal, 46.5 mg/100g and 379 mg GAE/100g respectively in wheat flour. The storage study of composite 

flour showed that the Peroxide value, free fatty acid content and total plate count of the composite flour 

was within the acceptable limit. On the basis of sensory evaluation using Nine Point Hedonic scale and 

score card method; formulated chapatti was found to be moderately acceptable by the panellists. 

 

Keywords: composite flour, physico-chemical properties, proximate composition, chapatti, sensory 

evaluation, storage stability 

 

1. Introduction 

Wheat (Triticum aestivum L.) is a cereal belonging to the family Graminae. The annual world 

production of wheat exceeds that of any other grain, legume, or food crop. It is consumed 

worldwide after milling it into flour, primarily in the form of breads, and is a major source of 

nutrients (FAO, 2013) [11]. 

Unleavened flat breads-chapattis are made from whole wheat flour and have served as staple 

diet to the inhabitants of India, Pakistan, and parts of the Middle East (Nandini & Salimath, 

2001) [20]. Chapattis are consumed fresh in households where it may represent 90% of the 

dietary energy intake (Rao, 1993) [12]. Almost 90% of the wheat produced in India is consumed 

in the form of chapatti. Only 10% of the wheat produced in India is consumed in making 

bread/biscuits/cake and such other products.  

 Wheat is a good source of calorie, minerals, vitamins and phytochemical like phenols, fair 

source of protein, amino acids and dietary fibre. However it is deficient in lysine. 

 Legumes have been known as ‘‘a poor man’s meat’’. They supply protein, complex 

carbohydrates, fibre and essential vitamins and minerals to the diet, which are low in fat and 

sodium and contain no cholesterol. In addition, legume proteins are rich in lysine and deficient 

in sulphur containing amino acids, whereas cereal proteins are deficient in lysine, but have 

adequate amounts of sulphur amino acids. Therefore, the combination of grain like wheat with 

legume proteins would provide better overall essential amino acid balance, helping to 

overcome the world protein calorie malnutrition problem. Chick pea, pigeon pea, mung bean, 

urad bean, lentil and field pea are the important pulses of significant dietary importance.  

Use of composite flour (CF) based on wheat and other cereals including millets in bakery 

products is becoming popular because of the economic and nutritional advantages. Some 

millets like finger millet, pearl millet, barley, foxtail millet, barnyard millet etc. have 

impressive nutritional quality. 

Composite flour is a mixture of flours, starches and other ingredients intended to replace wheat 

flour totally or partially in bakery and pastry products. Shittu et al. (2007) [29] also agreed with 

that as the composite flours used were either binary or ternary mixtures of flours from some 

other crops with or without wheat flour. 
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Therefore, the combination of wheat with pulse flours and 

millet flour as a potential composite flour may provide better 

overall essential amino acid balance, dietary fibre, 

antioxidants and high mineral content as compared to wheat 

flour, which may help to overcome the problem of Protein 

Energy Malnutrition and different degenerative diseases like 

CVD’s, obesity, hypertension and different forms of cancer.  

Keeping in view these facts the present study was carried out 

with the objective to formulate composite flour containing 

wheat, chick pea, finger millet and barley and to study its 

effectiveness and suitability for chapatti making. 

 

2. Materials and Methods 

2.1 Raw Materials 

Different grains viz. wheat, chick pea, finger millet and barley 

were procured from Pantnagar market, Uttarakhand, India. All 

the grains were cleaned to remove the foreign particles, 

washed properly and dried in hot air oven at 60˚C 

temperature, separately. Dried grains were processed into 

flours using Atta master milling machine and sieved through 

44 mesh size separately. Composite flour (CF) was prepared 

by mixing 70% wheat flour, 10% chick pea flour, 10% finger 

millet flour and 10% barley flour.  

 

2.2 Physico-chemical properties of flours 

Composite flour (CF) and wheat flour (WF) quality was 

assessed for different physico-chemical parameters viz. Water 

Absorption Capacity (Smith and Circle, 1972) [32], Optimum 

Water Uptake (Anderson et al.,1969) [1], Bulk Density 

(Narain et al.,1978) [21], Gluten content (AACC. 1969) [2], 

flour colour (Kulkarni et al., 1987) [15] and Particle Size Index 

(Bedolla and Rooney, 1984) [9].  

 

2.3 Nutritional and Chemical composition of flours 

Nutritional quality of composite flour (CF) and wheat flour 

(WF) viz. moisture content, crude protein, total ash, crude fat, 

crude fibre and carbohydrate by difference; was analyzed as 

per standard methods (AOAC, 2000) [5]. Physiological energy 

value was calculated as per the method given by Mudambi et 

al., 1989 [17].  

 

2.3.1 Total Phenol Content  

Total phenolic content was determined by Folin–Ciocalteu’s 

method (Singleton et. al., 1999) [31] using spectrophotometric 

method. Different sample aliquots were taken in test tubes and 

their volume was made to 1.5 ml with distilled water. Then 

0.5 ml of Folin–Ciocalteu reagent was added. After that 10 ml 

of 7.5% of Sodium Carbonate was added and incubated at 

37°C for 60 minutes. Standard series were prepared using 

known concentration of Gallic acid (5-20µg). For blank 1.5 

ml of distilled water was taken and treated same as sample. 

Absorbance of resulted blue color was read at 750 nm. 

Total Phenol (mg GAE/100g) =  

 

 
 

2.3.2 Mineral Content 

Calcium and iron content in composite flour (CF) and Wheat 

flour (WF) was estimated using atomic absorption 

spectrophotometer method as described by Raghuramulu et 

al. (2003) [27]. 

 

2.3.3 Total Dietary Fibre 

Total dietary fibre content of composite flour (CF) and Wheat 

flour (WF) was estimated using method of Asp and Johansson 

(1981). Powder sample was gelatinized and protein and starch 

were removed by enzymatic digestion. The residue was 

filtered, washed and quantitatively measured for insoluble 

dietary fibre. Soluble dietary fibre was estimated in the 

titration obtained after enzymatic digestion then it was 

precipitated and estimated gravimetrically.  

 

2.4 Textural analysis of doughs 

Composite flour (CF) and wheat flour (WF) dough were 

analyzed for textural properties viz; hardness, springiness, 

cohesiveness, chewiness and resiliency at room temperature 

using a texture analyzer (Stable Micro System, Model 

TA.XT2i/25 UK, using probe P/75 compression platen) 

attached to software (texture expert).Texture profile analysis 

was performed using three pieces of each dough sample 

(2×2×1.5 cm) which were placed on a platform in a fixture 

and compressed twice to 50% of their original height by 

compression probe (P/75). 

 

2.5 Chapatti preparation and sensory evaluation 

Doughs analyzed using texture analyzer (TA HD plus ) were 

used for the formulation of “chapatti”, which were then 

evaluated for sensory characteristics using Nine Point 

Hedonic Scale (9- like extremely, 8- like very much, 7- like 

moderately, 6- like slightly, 5- neither like or dislike, 4- 

dislike slightly, 3-dislike moderately, 2-dislike very much and 

1- dislike extremely) and sensory score card method (Amerine 

et al., 1965) [4] for taste, color and appearance, puffiness, 

flavour and overall acceptability. Sensory evaluation was 

done by a semi-trained panel consisting of 15 members from 

the Department of Foods and Nutrition, GBPUAT, Pantnagar.  

 

2.6 Storage study of composite flour 

The storage stability of composite flour (CF) was evaluated 

by the Total Plate Count method (APHA, 1992) [6]. 

Appropriate dilutions of the sample (1ml) were transferred 

aseptically to sterile petri plates in duplicate and mixed well 

with 10-15 ml of pre sterilized plate count agar at 45 ºC. After 

solidification plates were incubated at 37 ºC for 48 hours in 

bacteriological incubator. 

 Free fatty acid content and Peroxide value of composite flour 

(CF) was also determined using the standard method of 

AOAC, 2000 [5]. The composite flour was stored in a High 

Density Polyethylene bag at room temperature (20 to 35°C) 

for a period of 60 days. The samples were drawn at 0, 30th 

and 60th days interval and evaluated for the above 

parameters. 

 

2.7 Statistical analysis 

All the observations were taken in triplicate and subjected to 

analysis using 2 sample T- test at p<0.01 level of significance. 

 

3. Results and Discussion 

3.1 Physicochemical properties of flour 

The functional properties of flours play important role in the 

manufacturing of different types of products. The composite 

flour and wheat flour were analyzed for their functional 

properties. Table 1 shows the various functional properties 

and colour values of flours. Water absorption capacity 
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represents the weight of water taken up per gram of flour 

(Molina et al., 1977) [16]. The Water absorption capacity 

(WAC) of flour has an important role in the food product 

preparation process, as it influences other functional and 

sensory properties. The water absorption capacity of 

composite flour (CF) was found to be 0.70 ml/ g whereas 

0.60ml/g in case of wheat flour. Increase in the WAC of 

composite flour can be attributed to comparatively higher 

carbohydrate content in finger millet and barley flour than the 

wheat flour. Optimum water intake of composite flour (CF) 

was found to be 0.9ml/g whereas 0.7ml/g in case of wheat 

flour. Gluten content of composite four was found to be 

0.56g/g where as in case of wheat flour 0.82g/g. Lower gluten 

content in composite flour is due to substitution of wheat flour 

with barley, finger millet and chick pea flour. Bulk density of 

composite flour was found to be 1.41 g/cm3 whereas in case 

of wheat flour 1.36g/cm3.The higher bulk density of 

composite flour (CF) may be due to the presence of more 

crude fibre in composite flour in accordance with the 

observation made by Singh et al. (1996) [30]. The bulk density 

is usually influenced by the structure of starch polymers and 

loose structure of the starch polymer may result in low bulk 

density (Plaami, 1997) [24]. Bulk density is generally affected 

by the particle size and the density of the flour and it is very 

important in determining the packaging requirement, material 

handling and application in wet processing in the food 

industry. The hue and value in case of composite flour (CF) 

was recorded as 10YR (8/3) respectively, whereas in case of 

wheat flour hue and value observed was 7.5YR (8/2) 

respectively. All the values were designated as yellow red on 

Munsell soil colour chart (1954). For the estimation of 

particle size index, the sieved amount of  

composite flour (CF) on different mesh sizes of 60, 72 and 85 

were recorded as 94.5%, 2.68%, 0.68% and 1.92% on the last 

container respectively whereas 92.04%, 3.4%, 1.12% and 

3.06% in case of wheat flour. Particle size index, a parameter 

inversely related to fineness of flour (Bedolla and Rooney, 

1984) [9], also affects water absorption capacity (Khan et al., 

1982) [14]. Significant p<0.01 difference was observed in all 

the physico-chemical properties of composite and wheat flour. 

 
Table 1: Physicochemical characteristics of composite flour and wheat flour 

 

Physicochemical parameters Composite flour (Mean value±S.D.) Wheat flour (Mean value±S.D.) 

Water absorption capacity (ml/g) 0.70**±0.01 0.60**±0.7 

Optimum water intake(ml/g) 0.90**±0.0 0.70**±0.0 

Gluten content(g/g) 0.56**±0.003 0.82**±0.02 

Bulk density(g/cm3) 1.41**±0.01 1.36**±0.002 

colour 10YR(8/3)±0.0 7.5YR(8/2)±0.0 

Particle size index (%) 

on 60 mesh size sieve 94.5**±0.32 92.04**+1.0 

on 72mesh size sieve 2.68**±0.16 3.4**±0.2 

on 85 mesh size sieve 0.68**±0.08 1.12**±0.02 

on last container 1.92**±0.11 3.06**±0.1 

All values are average of triplicate observations ± standard deviation** = P≤ 0.01 NS = Non significant 

Composite flour- wheat flour: chick pea flour: finger millet flour: barley flour: 70:10:10:10 

 

3.2 Nutritional and chemical composition 

3.2.1 Proximate composition 

The moisture content of composite flour (CF) was found to be 

11.98% and 11.87% in wheat flour. These values meet the 

specification of not more than 15.5% moisture in flour blends, 

as given by Codex-Alimentarius, 2016. The crude protein 

content in composite flour (12.27%) was significantly high as 

compared to the protein content in wheat flour which was 

11.56%. The higher protein content of 25.5 g/100g in chick 

pea flour, observed by Mohammed et. al, 2012 [19] may be the 

reason for higher protein content of composite flour. The fat 

content of composite flour (CF) was found to be 1.97 % 

whereas in case of wheat flour fat content was 1.65%. A 

Significant difference was found between total ash content of 

composite flour and wheat flour at p<0.01 level of 

significance. The total ash content of composite flour (CF) 

was found to be 2.08% whereas in case of wheat flour total 

ash content was 2.50%. In case of composite flour crude fibre 

content was found to be 2.27% and 1.73% in case of wheat 

flour, which was significant p<0.01. High crude fibre content 

in barley, finger millet and chick pea might have contributed 

to higher crude fibre content of composite flour (CF). In case 

of composite flour carbohydrate content was found to be 

69.96% whereas 70.15% in wheat flour. Energy value of 

composite flour was calculated to be 346.67 Kcal where as in 

wheat flour it was found to be 341.69 Kcal (Table-2). 

Significant difference was found between energy content of 

composite flour and wheat flour at p<0.01 level of 

significance. 

 
Table 2: Proximate composition of Composite flour and Wheat flour 

 

Nutrient composition 
Composite flour 

(Mean value±S.D.) 

wheat flour 

(Mean value) 

Moisture (%) 11.98**±0.0 11.87**±0.01 

Crude protein (%) 12.27**±0.11 11.56**±0.05 

Crude fat (%) 1.97**±0.03 1.65**±0.04 

Total ash (%) 2.08**±0.01 2.50**±0.0 

Crude fibre (%) 2.27**±0.04 1.73**±0.02 

Carbohydrate (%) 69.96NS±0.16 70.15NS±0.09 

Energy (kcal/100g) 346.67**±0.11 341.69**±0.34 

All values are average of triplicate observations ± standard deviation 

** = P≤ 0.01 NS = Non significant 

Composite flour- wheat flour: chick pea flour: finger millet flour: barley flour: 70:10:10:10 
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3.2.2 Mineral content: The amount of calcium and iron were 

found to be 90.8 and 10.01 mg/100g respectively in 

composite flour whereas 46.5, 10.6 mg/100g in case of wheat 

flour (Table3). A high calcium content of 344 mg/100g in 

finger millet, studied by Gopalan et. al, 1989 [12] may have 

contributed to high calcium content in composite flour (CF). 

 

3.2.3 Total Phenol content: In case of composite flour (CF) 

phenol content was analyzed to be 549.70 mgGAE/100g 

whereas phenol content was reported as 379 mgGAE/100g by 

Gunashree et al. (2014) [13] in wheat flour. Significant 

difference was found between the phenol content of both the 

flours at p<0.01 level of significance. High phenol content in 

the chick pea (801mgGAE/100g) as reported by Rani and 

Khabiruddin (2015) [25] may be one of the reasons for 

comparatively high phenol content of composite flour.  

 
Table 3: Minerals, Total phenol and Dietary fibre content in composite flour and Wheat flour: 

 

Minerals Composite flour Wheat flour 

Calcium(mg/100g) 90.8**±0.5 46.5**±0.6 

Iron(mg/100g) 10.01**±0.01 10.6**±0.11 

Total phenol content 

Total phenol content(mg GAE/100g) 
Composite flour Wheat flour 

549.70**±4.32 379.0**±2.29 

Dietary fibre 

Soluble fibre (%) 2.27**±0.04 2.82**±0.08 

Insoluble fibre (%) 11.55**±0.10 9.20**±0.02 

Total Dietary Fibre (TDF) 13.82**±0.14 12.02**±0.06 

All values are average of triplicate observations ± standard deviation** = P≤ 0.01 

Composite flour- wheat flour: chick pea flour: finger millet flour: barley flour:: 70:10:10:10 
 

3.2.4 Dietary fibre content 

The amount of soluble and insoluble dietary fibre in case of 

composite flour was found to be 2.27% and 11.55% 

respectively whereas in case of wheat flour it was analysed to 

be 2.82% and 9.2% respectively (Table 3). Significant 

difference was found between both, soluble and insoluble 

dietary fibre content of composite flour (CF) and wheat flour 

at p<0.01 level of significance. 

 

3.3 Textural properties of composite and wheat flour 

dough 
Texture profile analysis (TPA) method is widely used for 

texture evaluation of food products. Human eating action 

normally consists of several bites. In order to better describe 

the eating actions of humans, the TPA method was described 

by Peleg (1976) [23]. The TPA test performs two bites; every 

bite includes compression and decompression cycles. Freshly 

prepared doughs were evaluated for their textural properties 

using texture analyzer. A round disk probe of 75mm diameter 

was used to exert the strain of 75% in the middle of the each 

dough sample. The dough samples were tested in the Strain 

mode for 5 seconds, with the trigger force of 50g. The probe 

test speed was 5mm/sec. 

Table 4 shows the data on the textural properties of composite 

and wheat flour dough. Significant changes were observed in 

the textural qualities of composite flour. Hardness can be 

defined as “peak force required for the compression of doughs 

to maximum extend”. Data on textural qualities expressed in 

Table 4 showed the hardness (g/cm2) of the dough of 

composite flour and wheat flour which was found to be 

45676.89 and 19825.35, respectively. Significant difference 

was found between the hardness of composite and wheat flour 

dough at p<0.01 level of significance. 

Springiness refers to the height that the sample recovers 

during the time that elapses between the end of first bite and 

the start of second bite. In general, it is associated to the 

freshness in a food product. The springiness found in 

composite flour dough was 0.255 cm/mm and in wheat flour 

dough was 0.387 cm/mm. Significant difference was found 

between the springiness of composite and wheat flour dough 

p<0.01 level of significance. 

Resiliency is the ratio of area during withdrawal of the first 

compression to the area of the first compression. The average 

value of resiliency was found to be 0.06 and 0.07 in 

composite and wheat flour dough respectively. Significant 

difference was found between the resilience of composite and 

wheat flour dough p<0.01 level of significance. 

Cohesiveness is a measure of the ratio of the area of work 

during the second compression to the area of work during the 

first compression. Cohesiveness of composite flour dough 

was 0.202 and 0.358 in wheat flour dough. Significant 

difference was found between the cohesiveness of composite 

and wheat flour dough at p<0.01 level of significance. 

Chewiness is (=hardness ×cohesiveness ×springiness N) a 

parameter associated with ease/ difficulty in chewing the food 

and forming a bolus before swallowing. The chewiness of 

composite flour and wheat flour dough was found to be 

2349.282 and 2742.361 respectively. 

The values for adhesiveness and gumminess were found to be 

1549.93 g.sec and 2349.282 g/cm2 in case of composite flour 

dough and 1220.15 g.sec, 2242.361 g/cm2, respectively in 

case of wheat flour dough. Significant difference was found 

between the adhesiveness and gumminess of composite and 

wheat flour dough at p<0.01 and p<0.01 level of significance 

respectively.  

Low gluten content (0.56g/g), high insoluble dietary fibre 

content (11.55%) and high Total Dietary Fibre content 

(13.82%) of composite flour as compared to 0.82g/g gluten 

content, 9.6% insoluble dietary fibre and Total Dietary Fibre 

content (12.02%) in wheat flour, may be one of the reasons 

for differences among the textural quality parameters.  
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Table 4: Textural qualities of composite flour and wheat flour dough: 

 

Parameters Composite flour (Mean value±S.D.) Wheat flour (Mean value±S.D.) 

Hardness (g/cm2) 45676.89**± 0.14 19825.35**±0.02 

Adhesiveness (g.sec) 1549.93**±0.04 1220.15**±0.02 

Springiness (cm/mm) 0.25**±0.00 0.38**±0.0 

Cohesiveness (ratio) 0.20**±0.00 0.35**±0.0 

Gumminess (g/cm2) 2349.28*±0.00 2242.36*±0.00 

Chewiness (g/cm) 3349.28**±0.00 2742.36**±0.07 

Resiliency (ratio) 0.06**±0.00 0.07**±0.0 

All values are average of triplicate observations ± standard deviation ** = P≤ 0.01 

Composite flour- wheat flour: chick pea flour: finger millet flour: barley flour: 70:10:10:10 
 

3.4 Sensory quality evaluation of Composite flour (CF) 

and wheat flour chapatti 

For the sensory quality evaluation, chapattis were prepared 

using composite flour (CF) and wheat flour (WF) separately. 

Wheat flour (WF) chapatti was considered as control. 

Composite flour (CF) and Wheat flour (WF) chapatti was 

evaluated using Score-Card method for taste, color and 

appearance, puffiness, flavour and overall acceptability. The 

results showed that composite flour chapatti scored average 

values of 7.06, 7.26, 7.26,7.13 and 7.0, whereas wheat flour 

chapatti scored 8.55, 8.66, 8.46, 7.73 and 8.53 out of 10 for 

taste, colour and appearance, puffiness, flavour and overall 

acceptability respectively. Significant difference was 

observed among all the sensory parameters for both the 

chapattis at p<0.01 level of significance (Table 5). 

 Data on evaluation of composite flour (CF) chapatti and 

Wheat flour (WF) chapatti for preference using Nine Point 

Hedonic Scale showed that composite flour chapatti was liked 

very much by 13.33%, liked moderately by 46.66%, liked 

slightly by 33.33% and neither liked nor disliked by 6.66% 

panel members, whereas wheat flour chapatti was liked 

extremely by 13.33%, liked very much by 40%, liked 

moderately by 40% and liked slightly by 6.66% (Table 6). 

Based on above observations composite flour chapatti was 

found to be moderately acceptable as compared to control by 

the panellists. 

 

Sensory evaluation of prepared chapattis 

 
Table 5: Mean sensory scores for composite flour and wheat flour 

chapatti 
 

Parameters 
Composite flour 

chapatti 

Wheat flour 

chapatti 

Taste 7.00**±0.17 8.50**±0.16 

Colour and Appearance 7.21**±0.18 8.63**±0.13 

Puffiness 7.24**±0.15 8.44**±0.15 

Flavour 7.13**±0.15 7.74**±0.14 

Overall acceptability 7.00**±0.14 8.54**±0.14 

All values are average of 15 observations ± standard deviation, ** = 

P≤ 0.01 

 
Table 6: Hedonic rating for composite flour and wheat flour 

chapattis: 
 

Parameters Composite flour (in %) 
Wheat flour 

(in %) 

Liked extreamly - 13.33 

Liked very much 13.33 40 

Liked moderately 46.66 40 

Liked slightly 33.33 6.66 

Neither liked nor disliked 6.66 - 

Composite flour- wheat flour: chick pea flour: finger millet flour: 

barley flour: 70:10:10:10 

  

3.5 Storage stability of composite flour (CF): Storage 

stability of composite flour (CF) was evaluated on the basis of 

peroxide value; free fatty acid and total plate count. Data on 

storage stability are presented in Table 7. 

 

3.5.1 Peroxide value (POV): The peroxide value in 

composite flour (CF) was found to be 0.791, 1.044 and 1.492 

mgEq/kg at 0, 30th and 60th day respectively, whereas 0.77 

mgEq/kg in case of wheat flour on 0 day as per Shazadi et al. 

(2005). Similar results were reported by Shazadi et al.(2005) 

which showed 0.53, 0.74 and 0.99 mgEq/kg POV on 0, 30th 

and 60th day respectively, in the composite flour (CF) 

containing wheat flour, lentil, chick pea and guar gum. An 

increase in peroxide value (POV) during 60 days storage was 

due to development of rancidity. Higher temperature of the 

storage room, heat and light are the key factors that further 

accelerate the reactions promoting increase in acidity. 

 

3.5.2 Free fatty acid: The FFA content was also studied on 0, 

30th and 60th day of the storage. The FFA in composite flour 

(CF) was found to be 0.334%, 0.440% and 0.546% on 0,30th 

and 60th day respectively (Table 7), whereas 0.23% on 0 day 

was reported in commercial wheat flour by Shazadi et al. 

(2005). Similar results were reported by Shazadi et al. (2005) 

which showed 0.19%, 0.25% and 0.31% FFA on 0, 30th and 

60th day respectively in the composite flour, containing wheat 

flour, lentil, chick pea and guar gum. 

 
Table 7: Effect of storage on Peroxide value, Free Fatty acid content 

and Total Plate Count of Composite flour (CF): 
 

Storage period (Days) Mean POV of composite flour (mgEq/kg) 

0 0.791±0.00 

30 1.044±0.00 

60 1.492±0.09 

Free Fatty acid content 

Storage period (Days) Mean FFA of composite flour (%) 

0 0.33±0.00 

30 0.440±0.05 

60 0.546±0.0 

Total Plate Count 

0 *ND 

30 2.2 x 10 2 

60 5.5 X 10 2 

All values are average of triplicate observations ± standard deviation 

*ND- Not Detectable 

 

3.5.3 Total Plate Count (TPC): Composite flour was studied 

for microbial load. The data presented in Table 7 reveals that 

bacteria were not detected initially before storage. However, 

the bacterial count increased significantly upon storage for 

two months. The composite flour had bacterial count of 2.2 x 

10 2 cfu /g at one month storage. TPC increased up to5.5X102 

cfu/g after two months of storage, whereas Total plate count 

A: wheat flour chapatti 

B: composite flour chapatti 
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of whole wheat flour was reported to be 0.679 cfu/g by Victor 

et al. 2013 [33]. 

 

4. Conclusion 

Plain wheat flour is used for chapatti preparation universally. 

Keeping in view the nutrient contribution; especially protein 

and amino acid, dietary fiber content, Total Phenol Content, 

calcium content; chickpea, finger millet and barley can be 

effectively used as supplement for improving the nutritive 

value of wheat flour.  

Therefore from the present study it might be concluded that 

composite flour (70:10:10:10 :: wheat flour, chick pea flour, 

finger millet flour and barley flour respectively) may be used 

as a better substitute for wheat flour alone for chapatti making 

without affecting physico-chemical, sensory and textural 

properties of chapatti adversely as composite flour chapatti 

also contains good amount of minerals, Total Dietary fiber, 

energy content, protein, Total Phenol Content and calcium as 

compared to only wheat flour chapatti, which may improve 

the health status and prevent the risk of certain degenerative 

diseases on regular consumption. 
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