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Abstract Five blends of refined wheat flour (RWF)
(63.2 – 96.8, %RWF) and millet were used to manufacture
biscuits baked for varying time (3.3–6.7 min) and temper-
ature (166.6 – 183.4 °C). The manufactured biscuits were
evaluated in terms of textural attributes (crispness, hardness
and cutting strength) and overall acceptability (OAA).
Results showed that increasing the amount of RWF in
biscuits decreased (p < 0.01) hardness. Prolonging the
baking time led to a decrease (p < 0.01) in hardness and
cutting strength and a significant increase (p < 0.05) in
OAA. Increase in baking temperature was followed by an
increase in crispness (p < 0.01) and OAA (p < 0.1), while
hardness and cutting strength (p < 0.01) decreased.
Optimum processing condition generated form the models
was, — blend ratio, 90%RWF; baking time, 6 min and
baking temperature, 170 °C. The predicted responses in
terms of crispness, hardness, cutting strength and OAA

were 45, 0.3N, 27.2N and 8.9, respectively. The desirability
of the optimum conditions was 0.98.
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Introduction

Biscuits may be regarded as relatively simple cereal based
food products commonly consumed as a snack food to answer
the occasional pangs of hunger. Snacks contribute an
important part of many consumers in daily nutrient and
calories intake (Detweiler 1991). The nutritional awareness
amongst the consumers has warranted the production of low
calorie food products with an increased fibre content that can
be readily included in the balanced diet. Biscuits are
predominantly based on refined wheat flour (RWF) and the
blending of RWF with millet can upgrade the nutritional
quality of such products. The use of composite flours in the
production of baked products has been a subject for research
in the past. The use of millet flour is becoming more and
more common in baked products especially in bread, cookies,
crackers that are targeted at consumers who are gluten
sensitive or diabetic (Lovis 2003). Millets are rich source of
dietary fibre, phytochemicals, micronutrients, nutraceuticals,
and hence now a days they are rightly termed as nutricereals
(Desikachar 1977). Foods that are high in total dietary fibre
(TDF) and soluble dietary fibre (SDF) have been related to
decrease the occurrence of a wide spectrum of diseases. The
cholesterol lowering effect of SDF in specific foods has been
established in animal (Ranhotra et al. 1987) and human
clinical studies (Anderson and Tietyen-Clark 1986).

Industrial production of millet incorporated biscuits
would require the understanding of the function of raw
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ingredients in order to manipulate the quality of the final
product. One of the major problems involved in incorporating
dietary fibres into a food system is the negative effect it has on
the functional properties of the food (Brennan and Samyue
2004). Attempts to bolster the nutritional properties of cereal
based snack foods by incorporating legumes, animal protein,
fibre rich products, etc. have been made by several workers
in the past (Rao and Shurpalekar 1996; Singh et al. 1996;
Awasthi and Yadav 2000; Prasad et al. 2004; Gajera et al.
2008). In meeting the expectations of consumers in terms of
texture and overall acceptability (OAA), fibre can only be
added to food if the product being manufactured has good
sensory characteristics, irrespective of the nutritional benefits
(Ellis 1985). The present study was carried out to understand
the influence of processing parameters,— blend ratio (RWF:
millet), baking time, baking temperature upon the textural
attributes (viz. crispness, cutting strength, hardness) and
OAA of the biscuits. Further, second order polynomial
models were developed to investigate the interrelationship
between the processing parameters and for their optimiza-
tion, thereof to obtain biscuits with acceptable textural
properties and maximum OAA.

Materials and methods

Materials Dehusked barnyard millet (Echinochloa fruman-
tacea L.) was obtained from College of Agriculture,
Sehore, Jawaharlal Nehru Agricultural University, Jabalpur,
Madhya Pradesh, India seed store. The millet was cleaned
of all the foreign materials and was ground into flour by a
hammer mill. The millet flour was then passed through 200
mesh I.S. sieve, the underflow was collected for further
research work. RWF of 60% extraction was purchased from
the local market of Jhansi city of India.

Experimental plan Response surface methodology which
involves design of experiments, selection of levels of variables
in experimental runs, fitting mathematical models and finally
selecting variables’ levels by optimizing the response (Khuri
and Cornell 1987) was employed in the study. A central
composite rotatable design (CCRD) was used to design the
experiments comprising three independent processing
parameters (Table 1). Twenty experiments were conducted
for the present research work. There were six experiments at
centre point to calculate the repeatability of the method
(Montgomery 2001). The experimental design and the codes
for the processing variables have been reported in Table 1.
The coding was carried out with the help of Eqs. 1, 2, and 3.
The present study was carried out to understand the effect of
processing parameters on textural characteristics of the
biscuits, viz. crispness, hardness, cutting strength, and upon
its’ overall acceptability. Response surface analysis required

coding of the values of the processing parameters. The codes
of the processing parameters, blend ratio (X1), baking time
(X2), and baking temperature (X3) were generated with help
of the following equations:

X1 ¼ Blend ratio� 80

10
ð1Þ

X2 ¼ Baking time� 5

1
ð2Þ

X3 ¼ Baking temperature� 175

5
ð3Þ

All the coded processing parameter had five levels.
There were two primary levels or factorial points ( +1
and − 1), a coded centre point (0), and two augmented
points (−am and +am).

am ¼ ð2number of variablesÞ0:25 ð4Þ

Manufacture of biscuits The RWF and millet flour were
mixed in the required proportions (i.e. 63.2, 70, 80, 90, and
96.8%, RWF). The various blends were sieved thrice to
ascertain through mixing. The levels of the other processing
parameters, baking time and baking temperature, are reported
in Table 1. The process adopted for biscuit manufacture was
as per the method elaborated by the AACC 1994. The
biscuits were cooled for 30 min and stored in air-tight
containers for 24 h, before further analysis.

Texture analysis The textural properties of the biscuits were
judged on the basis of crispness, hardness and cutting
strength. The texture analysis was done with the help of a
Texture Analyzer TA-XT2i (Stable Micro Systems, Surrey,
England). The tests were conducted by using different kinds
of probes i.e. cylindrical, needle and cutting. The studies were
conducted at pre-test speed of 5.0 mm/sec, test speed of
2.0 mm/sec, post test speed of 10 mm/sec, distance 10 mm,
trigger force of 25 g, and load cell of 5 kg. Crispness was
measured in terms of major positive peaks (Nath and
Chattopadhyaya 2007). A macro was developed which
counts number of major peaks obtained in the product
during compression. The first peak of the force-distance plot
of the texture analyzer was interpreted as hardness of the
product, expressed in Newtons (N) (Chakraborty et al.
2009). The peak of the force-distance plot of the texture
analyzer was recorded as cutting strength, expressed in
Newtons (N) (Chakraborty et al. 2009). The peak is followed
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by a steep fall over the force axis, which shows that the
resistance ceases to exist; or the product has been cut.

Sensory evaluation Sensory evaluation was done on freshly
made biscuits. Seventy frequent consumers of biscuits
comprised the panel for evaluating sensory attributes of
freshly baked biscuits. The attributes evaluated were flavour,
mouth feel and overall acceptability. For each sample,
panelists scored their liking of these characteristics using the
nine-point hedonic scale (1 = dislike extremely, 2 = dislike
very much, 3 = dislike moderately, 4 = dislike slightly, 5 =
neither like nor dislike, 6 = like slightly, 7 = like moderately,
8 = like very much and 9 = like extremely).

Data analysis The data obtained from the experiment were
analyzed for optimization of processing parameters with
respect to the responses, viz. crispness, hardness, cutting
strength, and overall acceptability of the biscuits. Regression
analysis and analysis of variance (ANOVA) were conducted
for fitting the model (Eq. 5) and to examine the statistical
significance of the model terms.

Yk ¼ "ko þ
X3

i¼1

"ki Xi þ
X3

i¼1

X3

i�j

"kijXiXj ð5Þ

where, Yk = responses, Xi, Xj = coded processing
parameters, βk = regression coefficients

Predictor β (coded factors)

Crispness Hardness Cutting strength OAA

Intercept 23.779*** 0.439*** 36.883*** 6.38***

X1 4.849*** −0.019*** 3.209*** 0.59***

X2 −0.067 −0.084*** −6.511*** 0.33**

X3 2.084*** −0.083 −3.890*** 0.23*

X1* X2 2.875*** 0.008 1.686* 0.19

X1* X3 −1.875* −0.013 −0.073 −0.38**
X2* X3 −0.875 0.077*** 2.598** −0.31*
X1

2 6.244*** −0.039** −6.559*** 0.60***

X2
2 3.239*** 0.006 −3.356*** 0.42***

X3
2 3.946*** 0.015 0.521 −0.11

ANOVA

Model (F-value) 24.5*** 12.5*** 32.6*** 9.0***

Coefficient of
determination (R2),%

95.6 91.8 96.7 89.2

Coefficient of variation (c.v.),% 7.3 11.5 8.0 6.50

Table 2 Regression analyses of
the second order polynomial
models for the various responses

*significant at p<0.1, ** signifi-
cant at p<0.05, *** significant
at p<0.01; X1, blend ratio;
X2, baking time; X3, baking
temperature.

Code for the values Processing parameters and values

Blend ratio,% RWF Baking time, min Baking temperature, °C

−1.68 63.2 3.3 166.6

−1 70 4 170

0 80 5 175

+1 90 6 180

+1.68 96.8 6.7 183.4

No. of experiments Coded processing parameters

X1 X2 X3

8 ±1 ±1 ±1

2 ±1.68 0 0

2 0 ±1.68 0

2 0 0 ±1.68

6 0 0 0

20 = Total number of experiments

Table 1 Experimental design
for the manufacture of biscuits
from RWF and millet

Code ‘0’ is for centre point of
the parameter range investigated,
‘±1’ for factorial points and
‘±1.682’ for augmented points;
X1, blend ratio; X2, baking time;
X3, baking temperature.
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The adequacy of the models were determined using
model analysis, lack-of-fit test and R2 (coefficient of
determination) analysis as outlined by (Weng et al. 2001).
The lack-of- fit is a measure of the failure of a model to
represent data in the experimental domain, especially for
those points which were not included in the regression or
variations in the models and thus cannot be accounted for
by random error (Montgomery 2001). A model is adequate
in describing the response if the lack-of-fit is insignificant.
The R2 is defined as the ratio of the explained variation to
the total variation and is a measure of the degree of fit
(Haber and Runyon 1977). If the R2 value for a model is
more than 80 per cent then the can be considered for further

analysis (Filmore et al. 1976). Coefficient of variation (c.v.)
indicates the relative dispersion of the experimental points
from the prediction of the model. It is desirable to have a c.
v. of less than 10 per cent (Nath and Chattopadhyaya 2007).
The effect of variables at linear, quadratic and interactive
level on the response was described using significance at 1
(p < 0.01), 5 (p < 0.05) and 10% (p < 0.1).

Optimization Numerical optimization technique of the
Design-Expert (7.1.6) software was used for simultaneous
optimization of the multiple responses. The desired goal for
each processing parameter and response was chosen. All
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Fig. 2 Contour plot (a) and response surface (b) representing the
effect of baking temperature and baking time on hardness of the
biscuits while the blend ratio is at centre point
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Fig. 1 Contour plot (a) and response surface (b) representing the
effect of blend ratio and baking time on crispness of the biscuits while
baking temperature is at centre point
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the processing parameters were kept within range while the
responses, crispness and overall acceptability were maxi-
mized, whereas cutting strength and hardness were mini-
mized. In order to search a solution, the goals are combined
into an overall composite function, D(x), called the
desirability function (Myers and Montgomery 2002), which
is defined as:

D xð Þ ¼ d1 x d2x . . . � � x dnð Þ1=n ð6Þ

where, d1, d2,…,dn are the responses and ‘n’ is the total
number of responses in the measure.

The numerical optimization finds a point that maximizes
the desirability function. In the desirability function D(x)
each response can be assigned an importance in relation to
the other response. The importance varies from least
important (a value of 1), to the most important (a value of
5). In the present study all the responses were assigned an
importance of 3, as per the default settings of the software.
The characteristics of a goal may be altered by adjusting the
weight or importance of specific parameters (Design Expert
version 7.1.6 2009). The response surfaces help to
understand the effect of varying the processing parameters
up on the response, i.e. in which direction the response is
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Fig. 4 Contour plot (a) and response surface (b) representing the
effect of blend ratio and baking temperature on OAA of the biscuits
while the baking temperature is at centre point
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Fig. 3 Contour plot (a) and response surface (b) representing the
effect of baking temperature and baking time on cutting strength of the
biscuits while the blend ratio is at centre point

J Food Sci Technol (Mar–Apr 2011) 48(2):167–174 171



increasing or decreasing. Response surfaces were generated
with the help of commercial statistical package, Design
Expert version 7.1.6.

Results and discussion

Response surface analysis was applied to the experimental
data and the second order response surface model (Eq. 4)
was fitted to all the textural characteristics (viz. crispness,
hardness and cutting strength) and OAA. The statistical
significance of the model terms were examined with the
help of regression analysis and analysis of variance
(ANOVA). It was observed that the lack-of-fit test (F-values)
for all the models were insignificant (Fcal < Ftab), implying
that the models were accurate enough to predict the
responses. The variability explained by all the models was
more than 80 per cent (R2 > 0.80). The coefficient of
variation (c.v.) was 11.5% in case of hardness, other wise it
was less than 10 per cent in case of other responses. Thus,
indicative of the fact that the experiments were carried out
with adequate precision. Ergo, all the models exhibited
statistically adequacy and were hence used to study the effect
of processing parameters on the various responses. The result

of the regression analysis and analysis of variance (ANOVA)
for all the models is reported in Table 2.

The amount of RWF in the dough had significant (p <
0.01) effect upon all the responses. Increasing the percentage
of RWF resulted in an increase in crispness, cutting strength
and OAA, while the hardness of the biscuits decreased.
Dietary fibre enriched biscuits have been observed to have
reduced resistance for snapping during texture analysis
(Brennan and Samyue 2004). The fall of OAA of the
biscuits have been reported to be influenced by the level of
incorporation of the millet (Anu et al. 2007). The effect
baking time was significant at p < 0.01 on hardness and
cutting strength, while for OAA the significance was at p <
0.05. The hardness and cutting strength decreased, where as
OAA increased with the increase in baking time. Variation in
baking temperature had significant affect upon the all the
responses except hardness. There was increase in the
crispness (p < 0.01) and OAA (p < 0.1), while the cutting
strength registered a significant fall (p < 0.01) as the baking
temperature was increased.

Crispness was significantly affected by the interactions
of blend ratio with baking time (p < 0.01) and with baking
temperature (p < 0.1). The interactive effect of ‘blend ratio-
baking time’ was more pronounced (β = 2.875) and
pursued. It can be inferred from Fig. 1(a) that the crispness

Reponses F-value

Crispness Hardness Cutting strength OAA

Total individual effect of processing parameters

Blend ratio 41.9*** 3.0* 32.7*** 13.71***

Baking time 9.6*** 14.9*** 34.2*** 6.11**

Baking temperature 13.6*** 15.0*** 11.0*** 3.35*

Combined effect of all processing parameters at

Linear level 21.7*** 27.08*** 51.59*** 11.17***

Interactive level 5.74** 6.94** 4.28** 3.52*

Quadratic level 53.69*** 3.47* 43.79*** 12.69***

Table 3 ANOVA for the overall
effect of processing parameters
on the responses

*significant at p<0.1, ** signif-
icant at p<0.05, *** significant
at p<0.01

Parameters Goal Lower Limit Upper Limit Importancea Optimum valueb

Blend ratio, %RWF in range 70 90 3 90

Baking time, min in range 4 6 3 6

Baking temperature, °C in range 170 180 3 170

Responses

Crispness maximize 22 48.0 3 45

Hardness, N minimize 0.28 0.7 3 0.3

Cutting strength, N minimize 13.88 43.7 3 27.2

OAA maximize 5.5 8.8 3 8.9

Table 4 Constraints applied to
the processing parameters and
responses for numerical
optimization

a the value of importance is as per
the default setting of the software.
b the desirability for this result was
0.98.
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would increase as the blend ratio and baking time increases.
The interaction of baking time and baking temperature was
found to have significant (p < 0.01) effect on the hardness.
Figure 2(a) shows that hardness increases as the baking
time and baking temperature decrease. The cutting strength
was affected more significantly (p < 0.05) by the interaction
of baking time and baking temperature than by the ‘blend
ratio-baking time’ interaction (p < 0.1). It can be concluded
from the Fig. 3(a) that the cutting strength would maximize
as the baking time and baking temperature reached their
minimum values. The OAA was found to be significantly
affected by the interaction of baking temperature with blend
ratio (p < 0.05) and with baking time (p < 0.l). As seen in
Fig. 4(a) the OAA increased progressively as the blend
ratio increased and baking temperature was at values
around the centre point (175 °C). It can also be inferred
that the biscuits baked at high baking temperature had high
OAA even at low blend ratio.

The interactive effects of baking time and baking
temperature were found to have similar affect upon
hardness and cutting strength. A low time-temperature
combination of baking would lead to formation of biscuits
which were high on hardness and cutting strength. Baking
biscuits for a shorter time and at a lower temperature would
result in less gas formation and an incomplete leavening
action. The release of the gases during baking provides the
final modifying action on the texture of the biscuits
(Lindsay 1985).

The blend ratio, in quadratic term, was more significant
in affecting crispness, cutting strength and OAA (p < 0.01)
and affected hardness at p < 0.05. The quadratic term of
baking time was insignificant for hardness but was
significant (p < 0.01) for rest of the responses. However,
the quadratic term of baking temperature would have a
significant affect upon crispness only.

Perusal of Table 3 shows that there was significant (p <
0.01) overall effect of all the processing parameters upon
the responses. However, there were some exceptions, the
overall effect of blend ratio upon hardness was at p < 0.1;
the OAA was significantly affected at p < 0.05 and at p <

0.1 by the baking time and baking temperature, respectively.
All the models demonstrated significance at p < 0.01 at linear
level. At interactive level the models of crispness, hardness
and cutting strength were significant at p < 0.05, whereas the
model of OAA was significant at p < 0.1. The overall effect
of the quadratic terms upon the models of crispness, cutting
strength and OAA was significant at p < 0.01, while, for the
model of hardness the significance was at p < 0.1.

Design Expert (version 7.1.6) of the STAT-EASE
software was used for simultaneous numerical optimization
of the processing parameters. The optimum processing
conditions were achieved after assigning certain constraints
upon the processing parameters and the responses (Table 4).
The optimum values of the processing parameters and their
corresponding responses are reported in Table 4. It is
noteworthy that the predicted OAA under the optimum
conditions is 8.9, which is outside the range of the values
obtained during the experiments. The experiments were
also conducted under the predicted optimum conditions to
verify the efficacy of the models. Perusal of Table 5 shows
that the predicted values had non-significant (p<0.01)
difference from experimental values.

Conclusion

Response surface methodology was effective in optimizing
processing parameters for the manufacture of biscuits form
different blends of RWF and millet, baked at varying time
and temperature. The regression analysis yielded models
that were used for obtaining optimum conditions for desired
responses within the range of conditions applied in this
study. Model analysis, which included checking the validity
of the model with the help of various relevant statistical
aids, such as—F-value, coefficient of determination (R2), and
coefficient of variation (c.v.) revealed that all the models
were statistically adequate. The blend ratio was found to
have a significant effect upon all the responses, however the
baking time and baking temperature had significant effect on
all the responses except crispness and hardness, respectively.

Table 5 Verification of the models by comparing the experimental values with the predicted values

Response Predicted value(μo) Actual valuea (μ1) ± SD Standard error Mean difference % Variation tcal

Crispness 45 44.6±2.07 0.93 0.4 0.90 0.43

Hardness, N 0.3 0.33±0.02 0.01 0.03 7.90 2.53

Cutting strength, N 27.2 28.1±0.92 0.41 0.86 3.06 2.09

OAA 8.9 8.4±0.34 0.15 0.52 6.21 3.40

Ho: μo = μ1, tcal < ttable at p<0.1, ‘Ho’ was accepted.
a mean of five replications.

J Food Sci Technol (Mar–Apr 2011) 48(2):167–174 173



Optimum values for the processing parameters were obtained
via numerical optimization, which also satisfied the criterion
of constraints of the responses.
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