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INTRODUCTION
Modern day consumers prefer food products
with health benefits, which are rich in
nutrients, with desirable sensory attributes in
addition to convenience. Prevalence of noncommunicable diseases such as diabetes,
cardiovascular diseases, obesity, cancer and
chronic kidney diseases has gained much
attention of consumers, producers and
regulatory authorities, causing concerns on
many commonly consumed foods (Bibiana et
al., 2014; Bhatt and Gupta, 2015).
Bread is a popular, convenient food product
consumed across the globe by all age groups.
It is a leavened food, produced using wheat
flour, yeast, water, sugar, fat, salt and other
ingredients. Mixing of ingredients, kneading,
proofing, shaping, and baking are done in
sequence in making bread (Wickramarathna
and Arampath, 2003; Dewettinck et al., 2008).
‘French bread’ or ‘French baguette’ is a
specialty bread, which is considered as a
symbol of French culture. French bread is
commonly distinguishable by its traditional
‘wand’ shape with approximate length of 65
cm and diameter of 5-6 cm, the crust, which is
beautiful, crispy and golden brown in colour,
and the interior which is light and chewy
(Baardseth et al., 2000: Tweed, 1983). The
main ingredients are wheat flour, water, yeast,
salt and egg white. Although French bread is
higher in price, consumer demand and
popularity is on the increase. However, the
consumption of bread and speciality breads
such as French bread is also associated with
health issues such as gluten intolerance and
contribution for diabetes.
Wheat (Triticum aestivum) flour is the main
flour used in making most types of bread and
other bakery products (Comino et al., 2013).
Gluten is a complex mixture of two distinct
proteins, glutenins and gliadins present in
wheat flour. Further, gluten is a family of
storage proteins known as prolamins that are
naturally found in certain cereal grains, such
as wheat, barley, and rye. In bread making,
gluten is responsible for the unique
viscoelastic and adhesive properties in the
dough, contributing to sponginess and
elasticity in baked products (Shewry et al.,
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2002). Due to these unique properties of
gluten in wheat flour, a wide range of
diversified bakery products with desirable
sensory attributes are produced worldwide
(Færgestad et al., 2000). Protein content in
wheat (14.4%) is relatively high compared to
other major cereals (Devi, et al., 2014).
However, wheat flour is believed to be
associated with problems such as obesity, high
Glycaemic Index (GI) and a range of adverse
reactions including allergies, coeliac disease
and non‐coeliac gluten sensitivity (Bibiana et
al., 2014; Shewry and Hey, 2016).
Although rice is the staple food in Sri Lanka,
bread consumption is substantially higher
among the urban population due to the
convenience provided for the busy lifestyle,
free availability, and ready-to-eat nature.
Wheat is not locally grown since the soil and
climatic conditions are not favourable for its
cultivation, and therefore, the local demand
for wheat flour is totally fulfilled by
importation.
In order to overcome the nutritional issues in
wheat, formulation of bread can be considered
as a promising alternative (Bhatt and Gupta,
2015). Cereals and legumes are rich sources of
carbohydrate, protein, dietary fibre, vitamins
and minerals which are important for human
health. Legumes are the best plant source for
providing proteins. Chickpea (Cicer arietinum)
is a legume rich in fibre, protein, manganese
and iron which has a low GI. Soya bean flour
contains a higher amount of protein (38–
40%), fat (18-20%), amino acids (lysine 5-6%)
and other bioactive compounds such as
isoflavones (Sabanis and Tzia, 2009). Cereals
such as rice contain significantly higher
amount of fibre and mineral than in wheat.
Flour of cereal and legumes is widely used in
bakery, confectionary and savoury products
(Bibiana et al., 2014; Dooshima, 2014).
Partial substitution of wheat flour with other
alternative flour types such as malted and
fermented sorghum (Hugo et al., 2000), Okra
(Wickramarathna and Arampath, 2003), rice
flour (Noomhorm, et al., 1994; Kadan, et al.,
2001), composite flour mixtures (wheat,
banana and soya beans)(Olaoye et al., 2006),
banana flour (Mepba et al., 2007), cassava
(Eddy et al., 2007), germinated and non-
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germinated soy bean flour (Rosales-Juárez, et
al., 2008) have been reported in bread making.
The locally available cereals and legumes,
which are rich in nutrients, are available in
abundance during their harvesting seasons,
which is inadequately used in value addition.
Further, the partial substitution of wheat flour
with locally available flour types (cereals and
legumes) in French bread making has not been
investigated before.
Therefore, the objective of this research was to
develop a composite flour mixture consisting
of soya bean, mung bean, chickpea and brown
rice for partial substitution of wheat flour and
thereby to improve the nutritional profile and
sensory attributes of the French bread.

MATERIALS AND METHODS
Raw materials
The raw materials, wheat flour, soya bean,
chick pea, brown rice, mung bean, margarine

| 27

and instant yeast were purchased from a local
supermarket. Margarine was stored in the
refrigerator and other ingredients at ambient
temperature (27±2 oC) until used.

Preparation of flour
Soya bean, chickpea, brown rice and mung
bean were cleaned removing physical
contaminants, washed, oven dried and ground
using an electrical grinder (Wipro®) and
sieved (ASTM E11:87, mesh No 50) to obtain a
uniform particle size (300µm).

Formulation of composite flour
mixture
Two preliminary trials were conducted to
formulate the composite flour mixtures. In the
preliminary trial I, different percentages of
wheat flour were substituted with locally
available soya bean, mung bean and chickpea
flour separately. The formulated mixtures are
shown in Table 1.

Table I. Formulation of treatments of composite flour mixtures.
Treatments
Ingredients

A1

B1

C1

D1

E1

Substitution of wheat flour (%)

30

40

50

60

70

Mung bean or chickpea or soya
bean flour(g)

105

140

175

210

245

Wheat flour (g)

245

210

175

140

105

Yeast (g)

4.55

4.90

5.25

5.60

5.95

Margarine (g)

4.55

4.90

5.25

5.60

5.95

Sugar (g)

2.47

2.64

2.82

3.00

3.17

Bread improver(g)

2.47

2.64

2.82

3.00

3.17

Salt (g)

6.3

6.3

6.3

6.3

6.3

Water (mL)

210

210

210

210

210

In preliminary trial II, wheat flour was
completely substituted with different ratios of
locally available flours. Composite flour
mixtures were prepared adding different

ratios of mung bean flour and chickpea flour
without wheat flour. Soya bean flour was
made constant (175 g) while the control
treatment E2 had 100 % wheat flour (Table 2).
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Table 2. Formulation of treatments without wheat flour (E2)

A2

B2

Treatments
C2

Wheat flour (g)

00

00

00

00

350

Soya bean flour (g)

175

175

175

175

00

Mung bean flour (g)

140

105

70

35

00

Chickpea flour (g)

35

70

105

140

00

Yeast (g)

7

7

7

7

3.5

Margarine (g)

7

7

7

7

3.5

Sugar (g)

3.5

3.5

3.5

3.5

1.75

Bread Improver (g)

3.5

3.5

3.5

3.5

1.75

Salt (g)

6.3

6.3

6.3

6.3

6.3

Water (mL)

210

210

210

210

210

Ingredients

Sensory evaluations were conducted for the
French bread manufactured using the
formulations in preliminary trials I and II,
using 32 untrained panellists. Based on the
results of the sensory evaluation of this
preliminary trial II, the 3rd experiment was
designed with different flour formulations as
in Table 3. Wheat flour content (%) in the

D2

E2

composite flour (CF) treatments, CF(50%),
CF(40%) and CF(30%) was maintained as
50% based on the composite flour mixture of
soya bean flour, brown rice flour and chickpea
flour. The quantities of other ingredients were
adjusted based on the composite flour mixture
of individual treatments except for salt and
water.

Table 3. Development of composite flour (CF) mixtures with brown rice flour
Ingredients

Treatments
CF50%*

CF40%*

CF30%*)

Control

175 (50%)

210 (60%)

245 (70%)

350 (100%)

Soya bean flour (g)

70 (20%)

35 (10%)

35(10%)

00

Brown rice flour (g)

70 (20%)

35(10%)

35(10%)

00

Chickpea flour (g)

35(10%)

70(20%)

35(10%)

00

Yeast (g)

5.25

4.90

4.55

3.50

Margarine (g)

5.25

4.90

4.55

3.50

Sugar (g)

2.62

2.45

2.27

1.75

Bread Improver (g)

2.62

2.45

2.27

1.75

Salt (g)

6.3

6.3

6.3

6.3

Water (mL)

210

210

210

210

Wheat flour (g)

* Weight % of soya bean, brown rice and chickpea flour in composite flour mixture.
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Finally, sensory evaluation and proximate
composition analysis were performed to
select the best composite flour mixture.

Production of French bread - straight
dough method
Flour mixtures (as per the treatments in
different trials) and all the dry ingredients
were mixed using a spiral mixture to form a
homogeneous mixture. The French bread
dough was made using a planetary mixer
(Mecnosud, MX20) by kneading (18-20
minutes) while adding sufficient water. Proper
gluten formation was checked by stretching a
piece of dough. The dough was manually
kneaded (10 -12 minutes) on a stainless steel
table top and allowed for proofing (bench
rest). After 1 hour of proofing raised dough
was kneaded to expel the excess gas and to
form a consistent dough. Then pieces of dough
were moulded into characteristic elongated
shape of French bread. Diagonal cuts were
made on the elongated dough surface. The
dough pieces were placed in oiled French
bread moulds and allowed the second
proofing for 1 hour. Then the moulds were
placed in a preheated electric convection oven
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(Blue Seal, G1100) for baking at 220±2 oC for
45-50 min.
Sensory Evaluation
Prepared French breads were evaluated for
crust colour, aroma, taste, texture and overall
acceptability at the sensory laboratory of the
Department of Food Science and Technology,
Faculty of Agriculture. Consumer oriented
ranking test was conducted using 32
untrained panellists for the French bread
samples manufactured using different
formulations (Tables 1, 2 and 3). The best
selected French bread samples were
evaluated by Paired comparison test at
P<0.05% confidence level (Lawless et al.,
2010).

Proximate composition
Moisture (AOAC 925.10, 2000), ash (AOAC
900.2, 2012), crude protein (Kjeldahl Method,
AOAC 920.176, 2012), crude fat (AOAC 2003.
06, 2012) and crude fibre (AOAC 978.10,
2012) of the final product were determined
(n=3) using standard methods (AOAC. 2000;
AOAC. 2012: Taha, et al., 2012). Total
carbohydrate content was calculated using the
Formula 1 (FAO, 2003).

Formula 1.
𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒 = [100 − (𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 + 𝑐𝑟𝑢𝑑𝑒 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 + 𝑓𝑎𝑡 + 𝑐𝑟𝑢𝑑𝑒 𝑓𝑖𝑏𝑟𝑒 + 𝑎𝑠ℎ)] 𝑔/100 𝑔 𝑜𝑓 𝑓𝑜𝑜𝑑

Data Analysis
Nonparametric data from the sensory
evaluation was analysed (P<0.05) using
Friedman test, Mann Whitney U test and two
tail binomial test using Minitab-14 software.
The parametric data was analyzed using
Minitab-14 software and Microsoft Excel
(2013) for graphs.

RESULTS AND DISCUSSION
The sum of ranks values of the sensory
attributes (Preliminary Trial I) of French
breads prepared using 30, 40, 50, 60 and
70% of mung bean, chickpea and soya bean
flour formulations (A1 to E1) are shown in
Tables 4a, 4b and 4c respectively. The higher

consumer preference or acceptability is
shown by lower values of sum of ranks. The
consumer preference decreased when the
substitution of mung bean, chickpea and
soya bean flour was increased (Table 4). All
sensory attributes, i.e. curst colour, aroma,
taste, texture and overall acceptability were
not significantly different in treatment A1
(30%) and B1(40 %) where wheat flour was
substituted with mung bean flour (P>0.05).
The overall acceptability was significantly
different at 50, 60 and 70% substitution
(P<0.05). The crust colour and taste of
French bread did not change significantly up
to 50% incorporation of mung bean flour.
Therefore, wheat flour can be substituted by
mung bean flour up to 50% in formulation of
French bread.
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Table 4. Sensory attributes of French bread prepared using the composite flour
formulations
Treatment
(% wheat flour
substituted)

Crust
colour

Aroma

Taste

Texture

Overall
acceptability

4a. Mung bean flour
A1 (30%)

53.0a

65.0a

56.0a

45.0a

50.0a

B1 (40%)

64.0a

63.0a

67.0a

55.0a

54.0a

C1 (50%)

74.0a

84.0b

77.0a

94.0b

94.0b

D1 (60%)

126.0b

112.0c

124.0b

121.0c

120.0c

E1 (70%)

148.0c

141.0d

141.0c

150.0d

147.0d

4b. Chickpea flour
A1 (30%)

51.0a

48.0a

50.0a

53.0a

53.0a

B1 (40%)

62.0a

58.0a

56.0a

59.0a

57.0a

C1 (50%)

70.0a

82.0b

95.0b

73.0b

85.0b

D1 (60%)

126.0b

122.0c

119.0c

123.0c

122.0c

E1 (70%)

141.0c

140.0d

130.0d

142.0d

133.0d

4c. Soya bean flour
A1 (30%)

56.0a

62.0a

54.0a

48.0a

56.0a

B1 (40%)

56.0a

61.0a

58.0a

53.0a

61.0a

C1 (50%)

74.0b

71.0a

62.0a

80.0b

65.0a

D1 (60%)

108.0c

105.0b

114.0b

113.0c

110.0b

E1 (70%)

123.0d

121.0c

132.0c

126.0d

128.0c

The sum of ranks values followed by different letters within the same column is significantly different at
P< 0.05.

Substitution of wheat flour by chickpea flour
showed similar results (Table 4b), i.e. the
crust colour was not changed significantly
up to 50% substitution (P>0.05).
Considering the overall acceptability,
chickpea flour (40%) could be mixed with
60% wheat flour without affecting all
sensory attributes of French bread. The
overall acceptability of soya flour
substituted (30, 40 and 50 % substitution)
French bread was not significantly different
(P>0.05) with each other as shown in Table
4c. Thus, up to 50% substitution of soya
bean flour would be acceptable in French
bread formulation.

For further development, French bread was
prepared using composite flour mixtures
which were reformulated in Trial II as
shown in Table 2. The sum of ranks values
of the sensory attributes of French bread
prepared using these formulations are
shown in Table 5. Mung bean flour in
composite mixtures of treatment A2, B2, C2
and D2 were 140g, 105g, 70g and 35g
respectively. All sensory attributes of French
bread prepared by treatments A2, B2, C2 and
D2 were significantly different (P<0.05) in
comparison to E2 (control). Soya bean flour
(%) in treatments (A2, B2, C2 and D2) was
constant. Higher sum of square values, 141
(A2) and 116 (B2) were recorded by 40 %
(140 g) and 30 % (105 g) mung bean flour
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added composite mixtures due to
unpleasant taste and aroma of mung bean
flour. However, aroma, taste, texture and
overall acceptability were not significantly
different (P>0.05) between C2 and D2.
Therefore, complete substitution (100%) of
composite mixture of soya bean, mung bean
and chickpea flour instead of wheat flour
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was unsuccessful. French breads developed
by these formulations were unacceptable by
the panellists due to mung bean taste and
aroma. Therefore, mung bean flour was
replaced by brown rice flour in
reformulation of composite flour mixtures
for further development.

Table 5. Sensory attributes of French bread developed by composite flour mixtures of
mung bean, chickpea and soya bean flours.
Sum of Ranks
Formulation

Crust colour

Aroma

Taste

Texture

Overall
acceptability

A2

134.0.0a

127.0a

132.0a

142.0a

141.0a

B2

117.0b

90.0b

121.0b

125.0b

116.0b

C2

72.0c

109.0c

78.0c

86.0c

96.0c

D2

98.0d

101.0c

82.0c

95.0c

89.0c

E2

59.0e

53.0d

67.0d

32.0d

38.0d

The sums of ranks values followed by different letters within the same column are significantly different at
P< 0.05.

In the final experiment, French bread was
prepared using the reformulated flour
mixtures and ingredients as given in Table 3.
Substitution of 30% composite flour
(CF30%: 10% soya bean flour, 10% brown
rice flour, 10% chickpea flour) and 40%
composite flour (CF40%: 10% soya bean
flour, 10% brown rice flour, 20% chickpea
flour) for wheat flour was the most
acceptable composite flour mixtures for
French breads (Figure 1). Substitution of
composite flours, CF30% and CF40% was
successfully used in French bread making
without affecting the crust colour, aroma
and taste compared to the control. Crust
colour is formed due to caramelization and
Maillard reaction, in which protein and
sugar in flours react with each other during
the baking process (Dhingra and Jood,
2002).
Loaf volume and crumb structure (the
pattern and size of holes inside the loaf) of
French bread are mainly determined by

protein content and quality (Baardseth et al.,
2000). Mixing of defatted soya flour is
desirable for the development of crumb
structure (Bhatt and Gupta, 2015).
Therefore, the selected CF30% and CF40%
flour mixtures with 10% soya bean flour as
compatible with the above findings. A highly
porous, glutinous and collapsible or
shrinkable crumb is formed after baking
with formulation of wheat flour of waxy
starch. Thus crumb of French bread is
affected by the type and quality of wheat
flour (Baik et al., 2003).
Texture and overall acceptability of French
bread prepared using CF30% and CF40%
were significantly different (P<0.05) with
each other. French bread samples (CF30%
and CF40%) were further subjected to the
paired comparison test using 32 untrained
panellists. The results showed that the crust
colour, aroma, taste, texture and overall
acceptability were not significantly different
(P>0.05) between French bread samples
prepared by composite flour mixtures of
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CF30% and CF40%. Therefore, both
composite flour mixtures are able to

140

Control

CF 30%

substitute 30–40 % wheat flour successfully
in French bread production.

CF 40%

CF50%

a

a

120

Sum of Ranks of Values
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a

b

100
80

b

a
b

b

a

a a

a

a

b
b b
c c

60

b

b

40
20
0
Crust colour

Aroma

Taste

Texture

Overall
acceptability

Sensory Attributes

Figure 1. Sum of ranks values of sensory attributes of French bread prepared using
different formulations
CF30% (10% soya bean flour: 10% brown rice flour: 10% chickpea flour), CF40 % (10% soya bean flour:
10% brown rice flour: 20% chickpea flour), CF50% (20% soya bean flour: 20% brown rice flour: 10%
chickpea flour), Control (100% wheat flour)
The sum of ranks values followed by different letters within the same sensory attribute are significantly
different at P<0.05.

Proximate composition of French
bread samples
Proximate composition of French breads
(CF30% and CF40% compared with the
control) is presented in Table 6. Moisture
content of bread samples significantly
decreased (P<0.05) with increasing
percentage of composite flour mixture (soya

bean, chickpea and brown rice) from 30% to
40%. Moisture in the control sample was
33.17% (wet basis, wb), while in CF30% and
CF40%, values were 30.33 and 29.47% (wb).
Lower moisture content in French bread of
the composite flour formulation CF40% and
CF30% was due to lower content of wheat
flour than in the control samples. Low
moisture content provides an additional
benefit by extending the shelf life.
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Table 6. Proximate composition of French bread samples
Formulation
Constituents (%)

A (Control)

CF30%

CF40%

Moisture

33.17±0.05a

30.33±0.13b

29.47±0.03c

Protein

12.87±0.01a

14.03±0.01b

14.80±0.02b

Fat

2.43±0.06a

4.99±0.06b

5.39±0.01c

Fibre

0.87±0.12a

1.3 ±0.01b

1.57±0.04c

Ash

1.41± .01a

1.8 ±0.02b

2.09±0.01c

49.25

47.45

46.68

Carbohydrate*

The values followed by different letters within the same column are significantly different at P<0.05.
[Values: Mean±SD (n= 3), * Obtained from subtraction method]
A: Control (100% wheat flour), B: 30% composite flour (10% soya bean, 10% brown rice, 10% chickpea),
C: 40% composite flour (10% soya bean, 10% brown rice, 20% chickpea)

The protein content in French bread
prepared using composite formulations
CF30% (14.0% wb) and CF40% (14.8% wb)
was significantly (P<0.05) higher than in the
control (12.9%). Wheat flour was replaced
by 10% soya bean flour in CF30% and
CF40% composite flours. High protein
content in soya bean flour is responsible for
the high protein content in French bread.
The fat content (4.99-5.39%) in the French
bread was also significantly higher (P<0.05)
than in the control (2.43%) due to
incorporation of soya bean flour in the
formulation which has a high fat content.
The fat, fibre and ash contents of the
developed French bread too, increased while
the carbohydrate content decreased, with
increasing levels of soya bean, chickpea and
brown rice flours. Similarly, higher mineral
and fibre contents were obtained in
composite flour added bread samples than
in the control. The contents were
significantly different between bread
prepared using CF30% and CF40% (P<0.05).
These compositional differences in bread
are due to the addition of brown rice, soya
and chickpea flour and their compositional
variations.

Substitution of wheat flour by composite
flour mixtures increased the nutritional
value of the French bread substantially. The
French bread prepared using 40%
composite flour increased the constituents
as follows: protein 14%, Fat 121%, fibre
80%, ash 48%. These values were higher in
French breads substituted with 30%
composite flour (protein 9.1%, fat 105.3%,
fibre 55.2% and ash 31.2%). Moisture
content in French bread increased with
increasing percentage of composite flour
mixture. French bread prepared with
composite flour (CF40%) had higher
moisture content (11.2%) than in French
bread prepared with CF30% composite flour
(8.6%). Similarly, the carbohydrates
reduced by 5.22% in French bread prepared
using CF40%, which was higher than in
French bread prepared using CF 30%
composite flour (3.47 %).
The shelf-life of French bread may also
increase with the flour formulations used in
the present study, since these flours contain
low amylose content (Sasaki, et al., 2000).
Starches with low amylose are more
resistant to retrogradation during storage
(Hayakawa, et al., 1997). Thus, composite
mixtures of this nature with other locally
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grown cereal
investigation.

flours

warrants

further

CONCLUSION
Two composite flour mixtures, 30% (10%
soya bean flour, 10% brown rice flour, 10%
chickpea) and 40% (10% soya bean flour,
10% brown rice flour, 20% chickpea flour)
were successfully used for substitution of
wheat flour in French bread production. The
sensory attributes of the developed French
breads were similarly acceptable as French
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