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ABSTRACT 

A research was conducted to study the effect of water replacement with buttermilk in chapati making, the effect of Incorporation 

levels of buttermilk on the physical characteristics such as mixing, dough handling, moisture content (percent) and hydration 

capacity of chapatis and changes during storage at room temperature. The buttermilk was incorporated in dough in different 

percentages of 0, 20, 40, 60, 80 and 100 percent. Analysis of variance was also calculated. It was concluded that substitution of 

water with buttermilk facilitated dough handling and baking characteristics of chapati. 

Keywords: Buttermilk, Dough Handling, Moisture Content and Hydration Capacity 

1. INTRODUCTION 

Milk and milk products are traditional components of bakery 

items and are used for their several desired functions in food 

products .They improve moisture absorption capacity of 

dough’s; facilitate dough handling ;prevent rapid and 

excessive acidification by enhancing buffer capacity during 

fermentation and; allow better control of amylase activity; 

facilitate moisture transfer during gelation of starch; minimize 

the effect over mixing; enhance flavor development and crust 

colour; improving toasting characteristics; strengthen crumb 

structure and texture; improve moisture retention and retard 

staling process and enhance nutritional value (Kinsella, 1971).  

An increased trend in the use of skim milk, buttermilk and 

whey in western countries for enriching milk products and as a 

basis for manufacturing other food products has been 

observed.  These by-products are least profitable. The disposal 

treatment and utilization of dairy waste is subject of growing 

importance in view of the increasing emphasis on the 

environmental and economic aspects. Draining of these by-

products not only cause loss of valuable solids, but also result 

in high biological oxygen demand ( BOD) in waste water 

making waste disposal costly (Srivastava et al., 1985). 

Buttermilk and separated milk are obtained during the 

manufacture of butter and cream respectively. Buttermilk 

contains almost all other milk solids except fat and is 

produced while butter and ghee are manufactured. Buttermilk 

is a good source of proteins, carbohydrates, minerals, vitamin-

A tocopherol and cholesterol.  
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Due to urbanization and advancement in technology, the food 

habits of people are changing. The trend is more towards the 

convenience foods. Therefore, the utilization of milk by-

products in bakery products will improve the nutritive value of 

these products at a cheaper rate. 

Keeping in view the above fact the present work dealt with the 

following objectives:- 

 To study the physico - chemical composition of raw 

material such as Wheat flour, White flour and 

buttermilk. 

 To study the effect of Incorporation levels of 

buttermilk on the physical characteristics such as 

mixing, dough handling, hydration capacity of 

chapatis 

2. MATERIAL AND METHOD 

Atta (whole wheat flour) was procured from the local market 

of Jhansi (U.P.) and were analyzed for moisture, ash, crude 

protein, crude fat, crude fiber and nitrogen free extract 

(AOAC, 2000). 

2.1 Preparation of Buttermilk 

Buttermilk was prepared in the laboratory as a by-product of 

butter preparation. Cream procured from local market was 

pasteurized at 71°C for 20 minutes, cooled immediately and 

stored overnight in refrigerator. Cream was then churned in a 

butter churn to obtain buttermilk. This buttermilk was stored 

in a refrigerator for further use. 

Prepare the cream 

 

Churning of the cream 

 

Add small quantity of water 

 

Remove the butter or cream from the above 

 

Remaining liquid left is buttermilk 

Figure 1: Preparation of buttermilk 

2.1.1 Chemical analysis: Buttermilk and Wheat flour were 

analyzed for fat, moisture, ash, total soluble solids, pH and 

acidity (AOAC, 2000). 

Table 1: Physio - Chemical composition of buttermilk, 

wheat flour and white flour 

Attributes 

(percent) 

Buttermilk Whole Wheat  

flour 

White flour 

Moisture 90.00 12.09 13.68 

Total solids 10.0 87.91 86.32 

Protein 3.98 10.21 10.42 

Fat 0.67 1.19 0.30 

Ash 0.32 1.44 0.27 

Free fatty 

acid (percent 

oleic acid) 

---------- 0.021 0.010 

Wet gluten ---------- 22.23 28.81 

Dry gluten ---------- 7.39 9.80 

Carbohydrate 

(by 

difference) 

5.03 75.07 75.33 

Minerals ---------- 2.7 0.67 

Table 2: Mineral content of buttermilk 

Minerals(mg/100 g) Amount in 

buttermilk 

Calcium 406.81 

Iron 3.42 

potassium 265.82 

magnesium 67.31 

phosphorus 382.11 

Sodium 0.12 
 

2.2 Chapati: Chapati dough was prepared by mixing 100g of 

flour with the predetermined amount of water for 3 minutes. It 

was allowed to rest for 15 minutes. Dough was divided into 

four equal portions. It was rounded into a ball and placed in 

the centre of a specially designed platform, as described by 

Rao et al., (1986).The dough was rolled to uniform thickness 

with a wooden rolling pin, to a circle 15 cm in diameter. The 

chapati was baked by traditional method on cast iron skillet 

(Tawa) for 60 seconds giving first and second turning after 15 

and 30 seconds, respectively, allowing each side to bake for 
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equal time. Four chapatis were packed in a polyethylene bag 

and heat sealed. All samples were stored at 22°C temperature 

and 55 percent relative humidity.                                                                                                                                                                  

Preparation of dough 

 

Rolling the dough 

 

Baking of the dough 

 

Chapati storage 

 

Chapati 

Figure 2: Preparation of Chapati 

 

3. RESULTS AND DISCUSSION 

The chemical composition of buttermilk, whole wheat flour 

(Atta) and white flour are presented in table 1.The chemical 

composition of buttermilk and wheat flour showed that 

Buttermilk contained 10 percent total solids. The protein, fat 

and ash content of buttermilk were 3.98, 0.67 and 0.32 

percent, respectively. The gluten content of wheat flour and 

white flour was 7.39 and 9.80 percent respectively. The white 

flour had higher protein content of 10.42 percent than whole 

wheat flour of 10.21 percent. Whole wheat flour contained 

1.44 percent ash and white flour 0.27 percent. Values of these 

constituents of wheat flour was in the same range as reported 

earlier for Indian wheat’s by Singh et al., (1989), Dubey et 

al., (2002) and Bala et al., (2004), C.Gopalan et al.,(1998). 

The mineral content varied appreciably in buttermilk. Calcium 

content of buttermilk was 406.81 mg/100g.Iron content of 

buttermilk was quite low being 3.42.Potassium, magnesium, 

phosphorus and sodium was also found to be low in buttermilk 

i.e. 265.82, 67.31, 0.12 and 382.11 mg/100g respectively 

3.1 Chapati Making 

Effect of replacement of water with buttermilk on dough 

making/handling and physicochemical properties of chapatis 

such as moisture, puffing, hydration capacity are discussed. 

3.1.1 Dough characteristics and handling 

The increase in the level of buttermilk to replace water content 

from 0 to 100 percent proportionately improved the 

smoothness and decreased the stickiness of dough. Control 

sample of dough was slightly sticky during handling i.e. for 

ball and chapati making (Table 3). Incorporation of buttermilk 

at increasing levels improved its handling by making it smooth 

and pliable. Moreover the dough was devoid of stickiness 

during mixing, ball making and sheeting. This was because of 

incorporation of casein through buttermilk that eliminated the 

problem of stickiness (Buchanan, 1979).  

Table 3: Effect of buttermilk incorporation on dough 

handling and chapati characteristics 

Replace

ment 

(percent) 

Mixing Ball making 

and 

sheeting 

Increase 

in size of 

brown 

spots 

0 Slightly sticky Fair Normal 

20 Smooth, good Good Fair/Slight 

40 Smooth, good Good Fair to 

moderate 

60 Smooth and pliable, 

good 

Good Moderate 

to high 

80 Smooth and highly 

pliable, very good 

Very good High 

100 Smooth and highly 

pliable, excellent 

Excellent High 

 

Improvement in dough characteristics on addition of milk 

solids was also observed by Weipert (1990) .This was due to 

additional moisture held by protein of buttermilk. 

3.1.2 Proximate components of Chapatis 

The proximate components of Chapatis changed with the 

incorporation of buttermilk as shown in the table 4.The fat 

content increased from 0.56 to 1.33 percent by incorporation 

of buttermilk from 9.61 to 11.23 percent. Ash content was also 

enhanced from 1.31 to 1.86 percent. The fat content exhibited 

a high variation consequent upon incorporation of buttermilk 

with the CV Value being 32.06 %. 

Table 4.Effect of Water replacement with buttermilk on 

proximate components of Chapatis 
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Replacement 

% 

Fat% 

 

Protein% 

 

Ash% 

 

0 0.56 9.61 1.31 

20 0.67 10.00 1.42 

40 0.86 10.32 1.51 

60 1.05 10.64 1.65 

80 1.21 10.92 1.75 

100 1.33 11.23 1.86 

Mean 0.946 10.45 1.58 

CV 32.06 5.72 12.97 

 

3.1.3 Moisture content of Chapatis 

Effect of water replacement with buttermilk on moisture 

content of fresh chapatis and changes during storage is 

presented in (Table 5) 

Replacement of water with higher percentages of buttermilk 

added during the dough mixing process though improved the 

moisture content of chapatis, the differences were not found to 

be statistically significant (p<0.01) as is evident from the. 

Anova (Table 6) .The moisture content of fresh chapatis 

ranged from 38.06 to 38.46 percent and 36.04 to 36.46 percent 

on freshly prepared chapatis, with an increase in the 

replacement from 0 to 100 percent by buttermilk. 

Table 5: Effect of water replacement with buttermilk on 

moisture content (%) of chapatis and changes during 

storage at room temperature. 

Replace

ment 

(%) 

Storage (Hours) 

0 24 48 72 Mean CV 

0 38.06 36.40 36.24 35.15 36.46 3.04 

20 38.21 36.42 36.35 35.30 36.57 3.30 

40 38.40 36.52 36.36 35.51 36.69 3.31 

60 38.40 36.59 36.47 35.57 36.75 3.21 

80 38.42 36.62 36.54 35.69 36.82 3.24 

100 38.46 36.71 36.61 36.75 36.92 3.01 

Mean 38.26 36.54 36.42 36.82 ------- -------- 

CV 0.404 0.323 0.378 36.92 ------- ------- 

Table 6.  Analysis of Variance 

Sources of 

variation 

Buttermilk 

Df MSS 

Replacement 

(%) 

5 0.110 

Storage 3 8.270 

Error 15 0.060 

Total 23 ------ 

 

Chapatis were stored thereafter in polythene bags which 

ultimately showed a significant (p<0.01) loss in moisture 

content on storage, being minimum in samples containing 100 

percent buttermilk (Table 5).Earlier Rao et al., (1986) 

observed negligible moisture loss in chapatis stored either in a 

polythene pouch or plastic containers for three days, whereas, 

those wrapped in waxed paper showed a considerable loss. 

The estimates of co-efficient of variation of percent values 

indicated that variation in moisture content was higher 

consequent upon storage that substitution by milk by-products 

(Table 5).The findings are in accordance with Kaur and 

Bajwa (2000) who observed that the storage caused a 

significant (p<0.01) drop in the moisture content of chapatis 

with and without liquid buttermilk which was further reduced 

following conventional and microwave reheating. 

3.1.4 Hydration Capacity 

Hydration capacity of chapatis differed significantly with 

levels of buttermilk as also with the storage period (Table 

7).Hydration capacity improved with the incorporation of milk 

by-products, whereas it decreased significantly (p<0.01) with 

storage. Hydration capacity of control was 2.42 which 

increased to 2.46 with incorporation of 100 percent buttermilk 

in freshly prepared chapatis. After 24 hours of storage, control 

sample showed a decline of 3.30 percent in hydration capacity 

whereas; decrease was negligible in samples containing milk 

by-product. The ANOVA table 8 revealed that the effect of 

storage was significant (p<0.01) in buttermilk replacement. In 

an investigation undertaken to study the effect of refreshing 

procedures on the quality characteristics of stored chapatis 

prepared with and without liquid buttermilk. 

Table 7: Effect of water replacement with buttermilk on 

hydration capacity of chapatis and changes during storage 

at room temperature. 

Replace

ment 

Storage (Hours) 

0 24 48 72 Mean CV 
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(%) 

0 2.42 2.34 2.40 1.64 2.20 17.0 

20 2.45 2.44 2.37 1.90 2.29 36.53 

40 2.45 2.44 2.37 1.91 2.29 36.53 

60 2.45 2.44 2.39 1.91 2.30 36.37 

80 2.46 2.46 2.40 1.91 2.31 36.21 

100 2.46 2.45 2.41 2.01 2.33 30.34 

Mean 2.45 2.43 2.39 1.88   

CV 0.577 1.84 0.724 7.52   

Table 8. Analysis of Variance 

Sources of 

variation 

Buttermilk 

Df MSS 

Replacement (%) 5 0.008 

Storage 3 0.444 

Error 15 0.03262 

Total 23 ------ 

Kaur and Bajwa (2000) observed that the water hydration 

capacity and soluble solids were found to be affected 

significantly (p<0.01) with the storage and refreshing 

treatments. 

4. CONCLUSION 

Buttermilk contained 10 percent total solids. The protein, fat 

and ash content of buttermilk were 3.98, 0.67 and 0.32 percent 

respectively. The gluten content was 7.39 and 9.80 percent in 

whole wheat flour and white flour respectively. The white 

flour had higher protein content of 10.42 percent than whole 

wheat flour (10.21).Whole wheat flour contained 1.44 percent 

ash and white flour 0.27 percent. 

The mineral content varied appreciably in buttermilk. Calcium 

content of buttermilk was 406.81 mg/100g.Iron content was 

quiet low i.e. 3.42.Magnesium, phosphorus and sodium were 

also found to be 67.31, 382.11, and 0.12mg/100g respectively. 

Water was substituted in dough during chapati making with 

buttermilk. Buttermilk was incorporated in chapatis at levels 

of 20, 40, 60, 80 and 100 percent. During chapati making 

process, the increase in levels of buttermilk to replace water 

content from 0 to 100 percent improved the smoothness and 

decreased the stickiness of dough. Control sample of dough 

was slightly sticky during handling. Incorporation of 

buttermilk at increasing levels improved its handling by 

making it smooth and pliable. Moreover, the dough was 

devoid of stickiness during mixing, ball making and sheeting. 

Puffing of chapatis during baking was also improved with the 

incorporation of buttermilk. The puffing improved with 

increase in the amount of buttermilk. 

Replacement of water with higher percentages of buttermilk 

added during the dough mixing process dough improved the 

moisture content of chapatis, the differences were not found to 

be statistically significant. Chapatis packaged in polythene 

bags showed a significant (p<0.01) loss in moisture content on 

storage at room temperature, being minimum in samples 

containing 100 percent buttermilk. It was also observed that 

drop in moisture content was significantly during storage from 

0 to 24 hours and thereafter a gradual decline was witnessed in 

case of buttermilk. 

Hydration capacity of chapatis differed significantly with 

levels of buttermilk. Hydration capacity improved with the 

incorporation of buttermilk, whereas it decreased significantly 

(p<0.01) with storage. After 24 hours of storage, control 

sample showed a decline in hydration capacity whereas 

decrease was negligible in samples containing milk by-

product. The effect of storage was significant (p< 0.01) in 

buttermilk replacements. 

It was concluded that substitution of water with buttermilk 

facilitated dough handling and baking characteristics of 

chapati. The augmented incorporation of buttermilk enhance 

protein, fat and ash contents in chapatis so prepared and 

therefore, improved their nutritional value. This suggest a 

simple and safe way of better utilization rather than dumping 

into sewers, sea, rivers and grounds as their disposal is not 

only a wastage of nutrients but causes environment pollution 

as well. 
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