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ABSTRACT: The barnyard millet is the fastest growing of all millet produces a crop in six weeks. The bran also
known as miller’s bran is the hard outer layer of cereal grain. Bread is an important staple food in both developed and
developing countries. Response Surface Methodology (RSM) was used to investigate the effects of Refined Wheat
Flour (RWF) and Barnyard Millet Bran (BMB) on the bread. In this study, RSM was employed to optimize the
ingredient formulation and processing parameters of BMB incorporated bread such as nutrient and sensory score
responses. A rotatable central-composite design consisting of RWF and BMB, with 13 formulations for the nutrient and
sensory score of the BMB incorporated bread. The result of the optimized acceptability of the BMB incorporated bread
containing RWF 87.95g, BMB 7.06g, carbohydrate 93.36¢, protein 9.75¢, fat 7g, fiber 2.25 and overall acceptability of
6. Hence it is concluded that RSM was used successfully to optimize the level of RWF and BMB for the development
of bread.
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1. INTRODUCTION

Millets are small seeded annual coarse cereals grown around the world [1, 2]. Millets have been food
commodities since ancient times due to the important nutritional quality; there is a need to revive their usage in daily
diet. Millets can substitute as a major cereal for better health benefits [3]. Millets and legumes form staple food for the
population of low income groups in the worldwide [4, 5]. Barnyard is the fastest growing millet grown in India, Japan
and China when the paddy fails and used as a substitute for rice. The length of the grain is 2-3 mm and 1-2 mm wide
[6]. It is also called as Japanese barnyard millet [7]. In developing countries, millets are consumed by people from the
low economic status [8]. The barnyard millet average yield is around 18-20 g/ha [9]. The barnyard millet is a nature’s
gift for the modern mankind who is engaged in sedentary activities [10]. Millet bran is a byproduct of millet based food
manufacturing [11].

Bread is an important staple food for several countries. Wheat flour is one of the most popular than other
cereal grains for bread making [12]. The bread is a fast and convenient food based on wheat products of baked foods
and is consumed worldwide [13]. The bread is an ideal product that can serve as a functional food daily used by a large
population throughout the world [14]. Bread products are worldwide accepted because of the low cost, easily prepared,
versatility, sensory attributes and nutritional properties [15].

RSM is a statistical technique that has been successfully used in the development and optimization of cereal products
[16]. RSM consists of a group of mathematical and statistical procedures that can be used to study the relationships
between one or more dependent variables and independent variables [17]. The relative contribution of predictor
variables to product characteristics is evaluated and allows the optimum ingredient levels [18]. A Rotational Central
Composite Design (RCCD) can be used when a comparatively accurate prediction of all response variable averages
related to quantities measured during experimentation. Using Design Expert software RSM can be performed for the
optimization. Along with optimization RSM was also used to find the effect of correlation between the inputs on the
response. Here more than one response can be studied [19]. Gan et al., [20] believe that in order to achieve
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optimization, RSM will reduce the number of trials and provide multiple regression approach. The optimized
ingredients level achieved after the numerical and Graphical optimization for maximum colour, flavor and taste score
[21].

The objective of the study is to develop an optimized formulation of the bread containing RWF and BMB using RSM
and to determine optimal levels for the responses of BMB incorporated bread.

1. MATERIALS AND METHODS

The refined wheat flour, sugar, salt, yeast, butter and barnyard millet were purchased from the local market in Salem,
Tamil Nadu, India. The barnyard millet was cleaned and the foreign particles were removed, shade dried and grinded
manually, sieved and collected the bran. Then the Barnyard Millet Bran (BMB) was uniformly mixed and treated with
20% (w/w) solution of 1% calcium hydroxide and stored in sealed containers.

Preparation of bread

The ingredients such as RWF, BMB, sugar and salt were mixed for 1-2min. Then, yeast dissolved in 30°C water, which
is the optimum temperature for the yeast cells to be activated, and melted margarine was added to the dry ingredients.
All the ingredients were again mixed for 2min and during mixing, water was added to the mixture. After mixing, the
dough was kept for fermentation. After that, the dough was divided into 250 g pieces, placed in aluminium baking pan
for proofed at an incubation chamber at 35°C and 80% relative humidity for 30 min in order to maintain the proofing
step, which is defined as the last fermentation. Then, the samples were ready for baking. Baking for each sample was
conducted in a laboratory oven with air circulation at 210°C for 40 min. The loaves were removed from the pans and
cooled at room temperature

Nutritional analysis of bread

The samples were also evaluated for proximate compositions by using standard methods of analyses according to
AOAC in terms of carbohydrate, protein, fat and fiber. All the measurements were carried out in triplicates and mean
values were calculated [22, 23].

Quantitative descriptive analysis of bread

Sensory evaluation refers to the evaluation of recipes by sense organs. All the sense organs are used in the
appraisal of food [24]. Organoleptic evaluation is generally the final guide to the quality of a food product from the
consumer’s point of view [25]. Sensory evaluation on the produced bread was conducted among 10-trained panellists in
the Department of Food Science, Periyar University, Salem, Tamilnadu. The trained panellists evaluated all samples
and also served with a glass of water to neutralize the taste before analyzing the next sample. The bread were evaluated
using 9-point hedonic scale (1= dislike extremely; 9= like extremely) for various characteristics such as appearance,
colour, flavour, taste, texture and overall acceptability [26, 27, 28].

Experimental design and statistical analysis

Response surface methodology (RSM) was used to study the simultaneous effects of RWF and BMB addition on bread.
In designing this experiment by response surface methodology (RSM), a central composite design was employed.
Central composite design (CCD) was used to study the interaction of process variables by applying RSM [29]. The
design matrix of CCD and also experimental results for the responses such as nutrient and sensory parameters of bread
are shown in Table 1.

Table-1
Real and coded values of independent variables used for experimental design
Independent variables Coded value
-1 0 +1
Refined wheat flour 70 85 100
Real value Barnyard millet bran 5 17.5 30
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After preliminary baking tests, the upper and lower limits for these variables were established [30]. Two quantitative
controllable factors (independent variables) were level of RWF (X;) and level of BMB (X;). The dependent variables
were selected as responses for representing the main parameters of bread quality: carbohydrate (Y ), protein (Y,), fat
(), fiber (Y,), appearance (Ys), colour (Yg), flavour (YY), taste (Yg), texture (Yq) and overall acceptability (YY1o). After
preliminary experiment, the upper and lower limits for the independent variables were established. RWF levels were
from 70-100g and BMB level from 5-30g. The experimental data for each response variable were fitted to the quadratic
model.
Y=+ X; +Xp + X2 +X2 + Xy X . 1)

where, Y=responses; B=constant; X;, X,=linear regression; X2 Xzzzquadratic regression X;X,=interaction regression;
X1, X, independent variables.

The adequacy of the model was evaluated by coefficient of determination, R?, F-value and model p-value at the 0.1
significance. The statistical analysis RSM for bread was performed by using Design Expert with (2000, V 6.0.8; Stat-
Ease Inc., Minneapolis, MN, USA) software. Both the manipulated variables and responses were fitted to the quadratic
model by performing the analysis of variance (ANOVA). The experimental results were analyzed to determine the lack
of fit and the significance of the quadratic model and the effect of interaction between the manipulated variables and
responses.

1. RESULTS AND DISCUSSION

Experimental design results and response surface analysis
Results of the experimental design to carbohydrate, protein, fat, fiber, appearance, colour, flavour, taste, texture and
overall acceptability of the bread with different concentration RWF and BMB are shown in Table 2.

Table -2
Experimental design and obtained results for nutrient and sensory properties of the BMB incorporated bread
Run Manipulated Responses
variables
X4 X, Yy Y> Y3 Yy Ys Ye Y Ys Yo Yio

S 100 0 98.75 11.02 6.97 0.3 8 8 7 7 8 8
V, 70 5 78.83 7.98 6.81 1.6 7 6 6 6 7 6
V, 100 5 101 11.28 7.08 1.69 7 7 7 7 7 7
Vs 70 30 91.67 9.3 7.34 8.54 5 5 5 4 5 5
V, 100 30 113.84 12.6 7.61 8.63 5 5 5 4 5 5
Vs 63.79 | 17.50 80.8 7.96 7.01 5.05 5 4 5 5 6 5
Vs 106.2 | 17.50 112.15 12.62 7.39 5.18 6 5 5 5 6 6
V; 85 0.18 87.75 9.38 6.83 0.3 7 7 7 7 7 7
Vg 85 35.18 105.37 27.87 7.58 | 10.01 5 5 4 4 5 4
Vo 85 17.50 96.47 10.29 7.2 511 5 5 5 4 5 5
Vo 85 17.50 96.47 10.29 7.2 511 5 5 4 5 5 5
\% 85 17.50 96.47 10.29 7.2 511 5 5 5 4 5 5
Vi, 85 17.50 96.47 10.29 7.2 5.11 6 5 5 5 5 6
Vi3 85 17.50 96.47 10.29 7.2 511 5 5 5 5 5 5

(X1) = Refined wheat flour, (X2) = barnyard millet bran

(Y1) = Carbohydrate, (Y2) = Protein, (Y3) = Fat, (Y4) = Fiber, (Ys) = Appearance,

(Ys) = Colour, (Y-) =Flavour, (Yg) = Taste, (Yo) = Texture, (Y10) = Overall acceptability

These responses ranged from 78.83 to 113.84g carbohydrate, 7.96 to 27.87g protein, 6.81g to 7.61 fat, 0.3 to 10.01gm
fiber, 5 to 8 appearance, 4 to 8 colour, 4 to 7 flavour, 4 to 7 taste, 5 to 8 texture and 4 to 8 overall acceptability.

Regression coefficients for independent variables of the BMB incorporated bread
Table 3 shows the regression coefficients for the independent variables (RWF and BMB), interactions upon
response variables.
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Table - 3
Regression coefficients for response variables of the BMB incorporated bread

Factor Regression Coefficient
Y, Y, Y Y, Ys Y Y; Y Yo Yo

Model 96.47 10.29 7.20 5.11 5.20 5.00 4.80 4.60 5.00 5.20
Xy 11.08 1.65 0.13 0.045 0.18 0.30 0.12 0.12 0.00 0.30
X, 6.32 3.60 0.27 3.45 -0.85 -0.73 -0.91 -1.16 | -0.85 | -0.91
X -0.04 -1.04 1.87 -2.50 0.21 -0.12 0.23 0.20 0.50 0.21
Xo -6.25 3.13 4.37 0.02 0.46 0.63 0.48 0.45 0.50 0.21
XX, 0.00 0.00 0.00 0.00 0.00 -0.25 -0.25 -0.25 0.00 -0.25

X; and X; =Linear,

X32 and X;2= Interactive

X1X; = Interactive terms

Vatsala et al., [31] suggested that appearance, colour, flavour, taste, texture and overall acceptability are the
main criteria to assess product quality. The nutrient and sensory analysis helps defining the product characteristics
which are important with respect to acceptability.

Table - 4
Analysis of variance of the response variables
Response Source Sum of | df Mean F value Prob>F R? (%)
square square
Y1 Model 1302 5 260.59 13112 <0.0001 99%
Lack of fit 0.14 3 0.046
Pure error 0.00 4 0.000
Total 1303.10 12
Y, Model 208.18 5 41.64 2.81 0.1055 67%
Lack of fit 103.82 3 34.61
Pure error 0.00 4 0.00
Total 312.00 12
Y, Model 0.71 5 0.14 8733 <0.0001 99%
Lack of fit 1.134 3 3.780
Pure error 0.00 4 0.00
Total 0.71 12
Y, Model 95.32 5 19.06 37704 <0.0001 100%
Lack of fit 3.539 3 1.180
Pure error 0.00 4 0.00
Total 95.33 12
Ys Model 7.73 5 1.55 8.04 0.0081 85%
Lack of fit 0.55 3 0.18 0.91 0.5109
Pure error 0.80 4 0.20
Total 9.08 12
Ye Model 8.24 5 1.65 21.98 0.0004 94%
Lack of fit 0.53 3 0.18
Pure error 0.00 4 0.00
Total 8.77 12
Y, Model 8.69 5 1.74 7.52 0.0098 84%
Lack of fit 0.82 3 0.27 1.36 0.3739
Pure error 0.80 4 0.20
Total 10.31 12
Ysg Model 12.60 5 2.52 12.63 0.0022 90%
Lack of fit 0.20 3 0.066 0.22 0.8790
Pure error 1.20 4 0.30
Total 14.00 12
Yo Model 8.91 5 1.78 72.67 <0.0001 98%
Lack of fit 0.17 3 0.057
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Pure error 0.00 4 0.00
Total 9.08 12
Yo Model 8.09 5 1.62 9.94 0.0044 88%
Lack of fit 0.34 3 0.11 0.57 0.6661
Pure error 0.80 4 0.20
Total 9.23 12

df- Degree of freedom

Analysis of variance for each response showed that a significant effect was found for nutrient content and sensory
properties with regard to RWF and BMB. To establish predictive models for the bread properties from various level of
the RWF and BMB the experimental data for each response variable shown in equation 1-10.

(Y,) Carbohydrate = 96.47+11.08X,+6.32X,-0.04X,%-6.25X,°+0.00X; X,  ....... (1)
(Y,) Protein = 10.29+1.65X,+3.60X,-1.04X,*+3.13X,2+0.00X, X5 ....... )
(Y,) Fat = 7.20+0.13X,+0.27X,+1.87X *+4.37X,?+0.00X: X, ....... (3)
(Y,) Fiber = 5.11+0.04X,+3.45X,-2.50X,%+0.02X,%+0.00X; X, ....... 4)
(Ys) Appearance =5.20+0.18X;-0.85X,+0.21X,2 +0.46X,°+0.00X . X, ... (5)
(Ye) Colour =5.00+0.30X;-0.73X,-0.12X,2 +0.63X,%-0.25X, X,  ....... (6)
(Y;) Flavour = 4.80+0.12X;-0.91X,+0.23X,%+0.48X,%-0.25X; X,  ....... (7)
(Yg) Taste = 4.60+0.12X3-1.16X,+0.20X,°+0.45X,%-0.25X, X, ....... (8)
(Ys) Texture = 5.00+0.00X;-0.85X,+0.50X,%+0.50X,*+0.00X; X, ....... 9)
(Y10) Overall acceptability = 5.20+0.30X,-0.91X,+0.21X,%+0.21X,%0.25X . X, ... (10)

All the independent variables have positive effect of RWF whereas the BMB shows positive effect for
nutrient content and negative effect in the sensory properties. The quadratic terms of RWF in carbohydrate, protein,
fiber, colour and BMB in carbohydrate shows negative effect on the responses. The interactive terms of colour, flavour,
taste and overall acceptability shows negative effect in RWF and BMB respectively. The sensory parameters such as
appearance, flavour, taste and overall acceptability shows that the lack of fit is not significant.

Figure-1 Figure-2
Response surface plot showing the effect of RWF and BMB Response surface plot showing the effect of RWF and
on carbohydrate BMB on protein

T
B:BMB ; o A Refined wheat flour

Figure-3 Figure-4
Response surface plot showing the effect of RWF and BMB Response surface plot showing the effect of RWF and
on fat BMB on fiber

(1]
w0 Refined wheat four Refined uheat fou

DOI: 10.15680/1JIRSET.2014.0309038
Copyright to IJIRSET wWww.ijirset.com 16045


http://www.ijirset.com/

IJIRSET

ISSN: 2319-8753

International Journal of Innovative Research in Science,

Engineering and Technology

(An ISO 3297: 2007 Certified Organization)
Vol. 3, Issue 9, September 2014

Figure-5
Response surface plot showing the effect of RWF and BMB
on appearance

Figure-7
Response surface plot showing the effect of RWF and BMB
on flavour

Figure-9
Response surface plot showing the effect of RWF and BMB on
texture

Process optimization through the desirability function

Figure-6
Response surface plot showing the effect of RWF and
BMB on colour

Figure-8
Response surface plot showing the effect of RWF and
BMB on taste

Figure-10
Response surface plot showing the effect of RWF and
BMB on overall acceptability

In Table 5, conditions of the optimization process to minimum carbohydrate, fat, maximize protein, fiber, appearance,
colour, flavour, taste, texture and overall acceptability in the bread are displayed. The selection of bread quality
attributes (responses) in the optimization process and their relative importance was based on the literature data and

consumer preference [32].

Table-5
Optimization process to BMB incorporated bread

Factors (F) and Goal Lower Upper Importance Optimum
Responses (R) limit limit

Refined wheat flour (F) Minimum 70 100 3 87.95¢g
Barnyard millet bran (F) Maximum 5 30 3 7.06g
Carbohydrate (R) Minimum 78.83 113.84 3 93.369
Protein (R) Maximum 7.96 27.87 3 9.75¢g
Fat (R) Minimum 6.81 7.61 3 7.00g
Fiber (R) Maximum 0.3 10.01 3 2.25¢
Appearance (R) Maximum 5 7 3 6
Colour (R) Maximum 4 7 3 6
Flavour (R) Maximum 4 7 3 6
Taste (R) Maximum 4 7 3 6
Texture (R) Maximum 5 7 3 6
Overall acceptability(R) Maximum 4 7 3 6
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Optimization was performed on the basis of a multiple response method called desirability. By applying the desirability
function, the best optimum concentrations were attained for RWF 87.95g and BMB 7.06g. The calculated desirability
for the formulation was 0.41. At these concentrations minimum carbohydrate 93.36¢, fat 7g, maximum protein 9.75g,
fiber 2.25g and overall acceptability of 6. Thus considering the above mentioned approach, the objective was to
maximize the responses for protein, fiber and sensory score.

V. CONCLUSION

Response surface methodology was successfully applied to optimize RWF and BMB to improve the quality of bread
seems to be justified. The two variables employed in the study had a great effect on the quality of bread. Up to a certain
limit of RWF addition, the carbohydrate and fat decreases while the protein, fiber, appearance, colour, flavour, taste,
texture and overall acceptability increased. Modeling of experimental data allowed the generation of useful equations
for general use, to predict the behavior of the system under different factor combinations. The final result of
optimization suggested that the optimal ingredient doses to achieve with 87.95g RWF and 7.06g BMB for the bread
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