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Optimisation of fura production using response surface methodology was studied. The qua-
dratic polynomial regression model was adequate and acceptable at 0.05% level for pre-
dicting shear stress (SHS), shear strength (SHT), and hardness of fura (HOF)). The
importance of process variables (cooking time (CKT), flour hydration time (FHT) and
water added (WAD)) on texture of fura is in the order; FHT (X2) > WAD (X3) > CKT (X1).
The FHT and WAD were the most important factors affecting the textural properties of
fura. The optimal SHS (6.1 kN/m2) was obtained with FHT (1.36 hr), CKT (34.3 min) and
WAD (21 ml). The optimal SHT (4.6 kN/m2) was obtained with FHT (1.1 hr), CKT (18.9 min)
and WAD (25 ml). The optimal HOF (57.7 kN) was obtained with FHT (53.4 min), CKT
(17.4 min) and WAD (21.8 ml). The shape of the predicted responses was saddle, i.e., a
maximum or minimum response was found at various combinations of the independent
variables.

Keywords: Fura, Optimisation, Cooking time, Hydration time, Shear stress, Shear
strength, Hardness.

INTRODUCTION

Fura is produced mainly from moist pearl millet flour, blended with spices, com-
pressed into balls, and boiled for 30 min. While still hot, the cooked dough is worked in
the mortar with pestle (with addition of hot water) until a smooth, slightly elastic cohesive
lump (fura) is formed. The fura dough is rolled into 25–30 g balls by hand and dusted with
raw flour. The fura is made into porridge by crumbling the fura balls into fermented whole
milk (kindirimo) or fermented skimmed milk (nono).[1,2]

Fura is produced at home both for family and commercial consumption. The
producers of fura still use the traditional method of mortar and pestle both to dehull the
grain and to reduce the dehulled grain into flour.[3] The major criticism of the mechanical
process is that dry grain must always be used, producing flour that is too dry and when
used to produce fura, does not result in the same taste as the fura from traditionally
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processed flour. However, Jideani[4] had reported an improved fura production process
using the mechanically produced flour.

The variables identified that could affect the texture of fura during processing are
the water for hydrating the dry flour, cooking time and water added during pounding of
the cooked flour.[5] There was no specific standard developed for measuring the quality
of fura. It is deemed fit and important to standardise the process of producing fura to
obtain the optimum product in terms of quality, chewing ability, stability, coherency,
etc. Thus, optimizing the processing of fura is of interest before food manufacturers can
think of large-scale production.[3] Since fura is eaten by chewing between the molars,
the textural parameters are particularly important.[2] Texture can be regarded as a mani-
festation of the rheological properties of a food. It is an important attribute since it
affects processing and handling, influences food habits, and affects shelf life and con-
sumer acceptance of foods.[2]

Response surface methodology (RSM) is a collection of mathematical and statisti-
cal techniques useful for analysing problems involving several independent variables or
responses and their interactions.[6] Mathematical models fitted to data using least
square techniques and the adequacy of models can be checked by analysis of variance.
The composite rotatable design (CCRD) of Box and Hunter[7] has the advantage to pre-
dict responses based on few sets of experimental data in which all factors are varied
within a chosen range. The objective of this study was to determine the effects of hydra-
tion time of flour, cooking time, and water added during pounding on textural properties
of fura using RSM and CCRD. Optimum conditions of independent variables were also
determined.

MATERIALS AND METHODS

Source of Samples

The millet grain (Pennisetum glaucum), cloves (Eugenia caryophyllata) and
ginger (Zingiber officinale) were purchased from Yelwa market in Bauchi, Bauchi State,
Nigeria.

Grain Milling

Millet grains (Pennisetum glaucum) were cleaned and decorticated with dehulling
machine, Amuda superfine Huller No 12031. The dehulled grains were washed and dried
in a cabinet dryer, APV Mitchell Dryer No 5213/82 at 100°C for 30 min. The grains were
milled into flour and sieved using 425 μm mesh sieve. The flour obtained was packed in a
polyethylene bag and stored in a dry environment until required.

Spice Milling

The spice cloves (Eugenia caryophyllata) and ginger (Zingiber officinale) were
cleaned, washed and dried at 100°C for an hour. The dried spices were milled into
powder and sieved to obtain fine powder using 425 m mesh sieve. The powdered
spices were packed into a polyethylene bag and stored in a dry environment until
required.
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Experimental Design and Data Analysis for Optimization

A three factor central composite and rotatable design (CCRD)[7] was employed to
study three responses, shear stress (Y1), shear strength (Y2), and Hardness (Y3) of fura.
The cooking time (X1), flour hydration time (X2) and water added during pounding of fura
(X3) were the independent variables selected to optimise Y1, Y2, and Y3 (Tables 1 and 2).
Triplicate measurements were carried out on all design points except the centre point (0, 0,
0). Experiments were carried out in randomized order. A quadratic polynomial regression
model was assumed for predicting individual Y responses. The model proposed for each
response of Y was:

Table 1 Independent variables and levels used for central composite rotatable design.1

Coded variable level xi

Variable Symbols −1.68(∝) −1 0 1 1.68(∝)

Cooking time (min) X1 13.2 20 30 40 46.8
Hydration time (hr) X2 0.32 1 2 3 3.68
Water added (ml) X3 3.2 10 20 30 36.8

1Transformation of coded variable (xi) levels to uncoded variables (Xi) levels could be 
obtained from X1 = 10x1 + 30; X2 = x2 + 2; X3 = 10x3 + 20.

Table 2 Central composite rotatable design arrangement and responses.

Independent variablea Response variableb

Design points
Cooking time

(X1)
Hydration time

(X2)
Water added

(X3)
Shear stress 

(Y1) (kN/m2)
Shear strength 
(Y2) (kN/m2)

Hardness 
(Y3) (kN)

1 −1 −1 −1 6.4 7.1 85.8
2 −1 1 −1 6.7 17.8 209.6
3 −1 −1 1 7.0 4.5 50.0
4 −1 1 1 11.6 12.8 130.1
5 1 −1 −1 3.5 5.2 47.1
6 1 1 −1 8.1 10.9 144.2
7 1 −1 1 6.0 3.8 38.7
8 1 1 1 7.6 3.1 35.2
9 −1.68 0 0 10.5 4.8 56.2
10 1.68 0 0 10.1 13.4 165.3
11 0 −1.68 0 10.0 8.6 102.0
12 0 1.68 0 10.6 19.7 241.5
13 0 0 −1.68 5.2 11.1 135.8
14 0 0 1.68 5.2 5.7 67.0
15 0 0 0 7.9 7.0 91.6
16 0 0 0 8.0 4.8 56.3
17 0 0 0 7.9 6.5 71.8

aCoded symbols and levels of independent variables refer to Table 1.
bAverage value of triplicate determinations except design points 15 to 17.
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where b0, bi, bii, and bij are intercepts, linear, quadratic and interaction regression coeffi-
cient terms, respectively, Xi and Xj are independent variables. Response surfaces were
developed using the fitted quadratic polynomial equations, holding the independent vari-
able with the least effect on the response at a constant value and changing the other two
variables.

Preparation of Fura

The improved fura production process described by Jideani[4] was adopted in pro-
ducing fura. The detail of the production process is shown in Fig. 1. Millet flour (100 g),
2 g ginger and 0.5 g cloves were mixed. The mixture was moistened with 67 ml of water
and allowed to stand for various periods of time (Table 1). The moistened millet flour was
compressed between the palms, and dropped into boiling water. The compressed flour was
cooked for different times (Table 1). The cooked millet flour was pounded to cohesive
dough while still hot. Varying amount of hot water was added (Table 1) while pounding.
The fura produced were tested for shear strength, hardness (peak force) and breaking
stress.

Figure 1 Improved fura production process.[4]
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Instrumental Textural Measurement of Fura

The shear stress of fura was determined using the shear box carriage.[8] Fura
sample (60 mm cube) was placed in a standard 60 mm square shear box and sheared
using 1, 2, and 3 kg load. At regular intervals (0.1 mm) of the displacement dial read-
ing, the load dial reading and the vertical movement dial were recorded. Shearing was
continued until the maximum stress or ‘peak’ point has been clearly defined, i.e., until
at least four consecutive reading indicate a decrease in load. Each design point was
determined in triplicate. The method of Head[8] was used to calculate the shear stress
(KN/m2). The shear stress was plotted against horizontal and vertical displacement
(mm). All the curves from a triplicate set were plotted on the same graph. From the
graph, the maximum shear stress was read for each sample given shear stress at failure
(KN/m2).

The hardness of fura (kN) and strength of fura were determined by performing
compression tests as described by Jideani[2] on cylindrical samples of fura (75 mm
height, 38.9 mm diameter) on the ELE International Tritest 10 (107 kN load frame)
at uniaxial unconfined compression mode. The samples were uniaxially compressed
until complete breakdown under a 38.9-mm diameter stainless steel plate at a
constant deformation rate of 1.5-mm/min. The load ring reading was noted for each
strain applied. The method of Head[8] was used to calculate the strain and stress. A
plot of stress against strain was obtained. From the stress-strain curves, the strength
of fura was calculated in terms of breaking stress (maximum stress at failure, force
per unit area). From the force-strain curve, the hardness of fura was calculated as
the maximum force of the force-deformation curve. Each determination was in
triplicate.

RESULTS AND DISCUSSION

Fitting the Models

Experimental values obtained for responses Y1, Y2, and Y3 for the design points are
shown in Table 2. The effects of treatment variables as linear, quadratic or interaction
coefficients on response variables (shear stress, shear strength, and hardness) were tested
for adequacy and fitness by analysis of variance. The models represented by Eq. (1) for
shear stress (F = 0.864; p > 0.05), shear strength (F = 5.07; p > 0.05) and hardness (F =
5.08; p > 0.05) showed that lack of fit was not significant. The model was adequate and
acceptable at the 0.05% level for response variables.

Optimum Conditions for Fura Production

The regression coefficients of the three models are shown in Table 3. The coeffi-
cient of linear effect of hydration time (X2) and water added (X3) significantly affected
shear strength and hardness. The coefficient of quadratic effect of hydration time (X2)
significantly affected the shear strength and hardness. The coefficient of interaction
effect of cooking time (X1) and hydration time (X2) significantly affected the shear
strength and hardness. Using the coefficients determined (Table 3), the predicted mod-
els for shear stress (Y1), shear strength (Y2) and hardness (Y3) were:
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and

The three models indicated that hydration time (X2) had the most linear effect on the shear
stress, shear strength, and hardness of fura as it showed the largest positive linear coeffi-
cient (Table 3). The importance of process variables for shear stress could be ranked in the
following order: hydration time (X2) > water added (X3) > cooking time (X1). For shear
strength and hardness, the effect of the process variables could be ranked in the following
order: hydration time (X2) > cooking time (X1) > water added (X2). Results indicated that
hydration time and water added were the most important factors affecting the shear stress,
while hydration time (X2) and cooking time (X1) affected shear strength and hardness of
fura. Pearl millet carbohydrate (almost exclusively of starch) usually makes up about 70% of
the dry grain. The starch is composed of about 67% amylopectin (the insoluble component

Table 3 Regression coefficient of predicted quadratic polynomial
model for the three response variables.

Coefficient Shear stress Shear strength Hardness

Linear
b0 6.4635 6.4476 77.0670
b1 −0.5404 −0.2819 −0.8948
b2 0.8554 3.2050* 40.0638*
b3 0.5685 −1.9658* −26.6115*

Quadratic
b11 0.7350 0.5064 5.0487
b22 0.7291 2.2841* 26.6646*
b33 −1.0782 0.2465 1.7237

Interaction
b12 0.0900 −1.6381* −11.9455*
b13 −0.3733 −0.3285 −2.1212
b23 0.3205 −1.4423 −22.2044

*Significant at 0.05 level.

Y 6.4635 0.5404X 0.8554X 0.5685X 0.7350X 0.7291X
^

1 1 2 3 1 2
2= − + + + +

−

2

11.0782X 0.0900X X 0.3733X X 0.3205X X3
2

1 2 1 3 2 3+ − +

Y 6.4476 0.2819X 3.2050X 1.9658X 0.5064X 2.2841X
^

2 1 2 3 1
2

2
2= − + − + +

+ 00.2465X 1.6381X X 0.3285X X 1.4423X X3
2

1 2 1 3 2 3− − −

Y 77.067 0.8948X 40.0638X 26.6115X 5.0487X 26.6646X
^

3 1 2 3 1
2= − + − + + 22

2

3
2

1 2 1 3 2 31.7237X 11.9455X X 2.1212X X 22.2044X X+ − − −
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that forms a paste in water at room temperature) and 33% amylose (the soluble component
that forms a gel in aqueous solution).[9] It is known that when starch granule is heated up
to the gelatinisation temperature in excess water, heat transfer and moisture transfer phe-
nomena occur resulting in the swelling of the granule to several times its initial size. The
swelling is the result of the loss of the crystalline order and the absorption of water inside
the granular structure.[10] The compressed millet flour was boiled at 100°C for varying
cooking times. It was observed that the internal colour of the compressed flour balls
remained white after the cooking periods. Perhaps the internal temperature did not reach
gelatinisation temperature (61.1–68.7°C for pearl millet[11]). The added hot water during
pounding perhaps gelatinised the starch. This suggests that during the processing of fura,
the millet flour (starch) would have undergone hydrothermal treatment- annealing and
heat moisture treatment. Annealing is the treatment of starch in excess water at tempera-
tures below the gelatinisation temperature. Heat moisture treatment is the treatment at rel-
atively lower moisture and higher temperature conditions.[12] The hydrothermal conditions
resulted in physicochemical changes that contributed to the texture of fura. When the com-
pressed flour was heated up to the gelatinisation temperature, heat transfer and moisture
transfer phenomena occurred. The starch granules swelled, the amylase inside the gran-
ules leached out. The swollen starch granules formed a closed packed gel structure, which
possessed high shear resistance.[10] This is evident in the increasing effect of hydration and
cooking time on the shear strength and hardness of fura. The linear and quadratic effects
of the three variables were the primary determining factors of the responses for shear
strength and hardness (Table 3).

Figures 2 to 4 details the relationship between the independent and dependent vari-
ables as three-dimensional representation of the response surfaces. Increasing the water
added and the hydration time of the flour gave a quadratic increase in shear stress. Increasing
the hydration and cooking time increased the shear strength and hardness of fura. Canoni-
cal analysis was performed on the predicted quadratic polynomial model to examine the

Figure 2 Response surface for the effects of flour hydration time and water added during pounding on the shear
stress of fura.
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overall shape of the responses and to characterize the nature of the stationary points. The
canonical forms of the equations demonstrating the nature of the responses are:

Figure 3 Response surface for the effects of flour hydration time and water added during pounding on the shear
strength of fura.
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Figure 4 Response surface for the effects of flour hydration time and water added during pounding on the hard-
ness of fura.
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where, V1, V2, and V3 are the axes of X1, X2 and X3 considering the stationary point as
origin for the new coordinate system. The new coordinate system was calculated from
partial derivatives of the quadratic response equation with respect to each X, setting the
derivatives equal to zero, and then simultaneously solving the three equations to obtain
X[13,14]. The coefficients of V1, V2 and V3 are the eigenvalues of the symmetric matrix
containing the estimated quadratic terms for X1, X2 and X3, respectively, as the main diag-
onal elements.

The large value of V2 for shear stress indicates of rapid changes in the responses
along the hydration time (X2) axis. For shear strength and hardness the large values of
V1 in each case is indicated that the quadratic effect of response surface was very sen-
sitive to changes in cooking time (X1). All eigenvalues obtained for the analysis
were of opposite signs, thus indicating that the response surface is saddle shaped
where a maximum or minimum Yo is found at various combinations of the indepen-
dent variables.

CONCLUSIONS

The quadratic polynomial regression model was adequate and acceptable at 0.05%
level for predicting the individual Y responses (shear stress, shear strength and hardness of
fura). The optimal shear stress of fura (6.1 kN/m2) can be obtained with a flour hydration
time of 1.36 h, cooking time of 34.3 min and water addition of 21 ml during pounding.
The optimal shear strength of fura (4.6 kN/m2) can be obtained with a flour hydration time
of 1.1 h, cooking time of 18.9 min and water addition of 25 ml during pounding. The
optimal hardness of fura (57.7 kN) can be obtained with a flour hydration time of 53.4 min,
cooking time of 17.4 min and water addition of 21.8 ml during pounding.
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