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ABSTRACT
Research was undertaken to investigate the effect of brown rice flour along with honey on physico-chemical
properties of extrudates at varying processing conditions. Brown rice flour and honey at different proportion
(1.59-18.41%) were blended and extruded by co-rotating twin screw extruder at varying extrusion conditions
viz., feed moisture (14-18%) and barrel temperature (120-180 0C) at constant screw speed (500 rpm). Effect of
these independent factors on expansion ratio, bulk density (BD), water absorption index (WAI), water solubility
index (WSI) and hardness as responses were studied. Central composite rotatable design was used to plan the
experiments. Product responses were significantly (p<0.05) influenced by all the independent variables. Results
indicated that expansion ratio was negatively affected by feed moisture, barrel temperature and honey proportion,
whereas the bulk density and hardness were positively affected by these variables. Feed moisture had positive
but barrel temperature and honey proportion had negative effect on water absorption index of extrudates.
Consequence of feed moisture on water solubility index was negative, while that of barrel temperature and
honey was positive. This study demonstrated the potential utilization of brown rice flour and honey in preparation
of nutritionally high quality extruded products.
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Extruded foods such as snacks and breakfast cereals
have become part of the dietary habits of a great part
of the population. They can be prepared with ingredients
or components that give them specific functional
properties (Reid 1998; Huang et al. 2006; Ibanoglu et
al. 2006). Notably, starch rich ingredients like refined
cereal flour is the obvious choice for extrusion as it
results in products with optimum physical properties
(expansion, density, crispiness, water absorption and
solubility index) and hence more likely acceptable by
consumers. Contrarily, extruded products prepared from
such an ingredient as refined cereal flour lacks
nutritional value owing to presence of only starchy
endosperm in refined cereal flours which is devoid of
bran and germ fractions, most nutritious components
of cereal grains.

The past two decades have seen a rapid
increase in consumer demand for healthy foods, which

has prompted recent research to find methods for
production of healthy and functional foods. The usage
of whole grain cereal instead of milled cereals is one
such trend for production of healthy and functional
foods. Consumption of whole grain foods has shown a
reduction in the risk of several diseases, such as
cardiovascular diseases, obesity, diabetes and some
types of cancers (Slavin 2004; Topping 2007). One of
the most significant components in the whole-cereal
grains that play a significant part in its health properties
is dietary fiber and phenolics, which are mainly
concentrated in the outer layers of the cereal grain
(Slavin 2004). Production of whole grain foods is a
complicated task for the food industry due to the
mechanical negative effects of the bran on protein
network formation and consequently on the sensory
properties of the end product (Salmenkallio 2001).
Accordingly, the most common forms of cereal
composition are milled products, such as white wheat
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flour or white rice.

Rice (Oryza sativa L.) is the staple food for
nearly two-thirds of the World's population (Wynn
2008). Various studies have been carried out on the
enrichment of snacks with different ingredients, such
as soy flour (Li et al. 2005; Nwabueze 2007), soy
protein isolate (Lee and Brennand 2005; Verônica et
al. 2006), tomato powder (Huang et al. 2006; Ibanoglu
et al. 2006), vitamins (Athar et al. 2006), carrot and
basil powder (Ibanoglu et al. 2006), among other
ingredients. In this context, enrichment of brown rice
flour extruded products with honey as functional
ingredient will enhance the nutritional value of extruded
products. Therefore, the present investigation was
undertaken to study the effects of brown rice flour and
honey on the physico-chemical characteristics of
extrudates at varying feed moisture and barrel
temperature.

MATERIALS AND METHODS

Raw Materials

Paddy (PR 118) was procured from Directorate of
Seeds, Punjab Agricultural University (PAU), Ludhiana.
Paddy was dehusked with the help of Satake Rice Mill,
Japan and milled into the flour by Laboratory Torrento
Mill so as to produce a flour of particle size smaller
than 250µ (Lamberts et al. 2007). Commercial grade
honey was obtained from the department of Processing
and food engineering, PAU, Ludhiana.

Blend preparation

Brown rice flour and honey in different proportions as
indicated in Table 2 were measured and placed in mixing
bowl. The requisite quantity of water was sprinkled
over the mix and contents were blended in the laboratory
mixer at high speed for 2 min to ensure homogeneity of
the feeding material before extrusion. The blended
samples were passed through a 2 mm sieve to break
the lumps, if any, formed during mixing process due to
addition of moisture. The blended samples were then
subsequently transferred to high density (0.97 g/cm3)
polyethylene bags and stored for 12 h at room
temperature to equilibrate the moisture throughout the
sample (Stojceska et al. 2009).

Experimental design and statistical analysis

Response surface methodology (RSM) which involves
design of experiments, selection of levels of variables

in experimental runs, fitting mathematical models and
finally selecting variable levels by optimizing the
response was employed. In the present study, central
composite rotatable design was used to plan the
experiments comprising three independent processing
variables (feed moisture, barrel temperature and level
of honey) at five different levels (- α , -1, 0, +1, + α ).
The response variables considered were expansion ratio,
bulk density, water absorption index, water solubility
index and hardness. The levels of each variable were
established according to literature information and
preliminary trials. The outline of the experimental design
is presented in Table 1. In total, twenty experiments
were conducted (Table 2), with six experiments at
centre point to calculate the repeatability of the method.
The experiments were conducted in a randomized order
to minimize the effects of unexplained variability in the
observed responses due to extraneous factors.

The experimental data obtained were analysed
after fitting them into a second order polynomial model
given below. A quadratic polynomial regression model
was assumed for predicting individual responses
(Wanasundara and Shahidi 1996). The model proposed
for each response of Y was:
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Coefficients of determination (R 2) were
computed and adequacy of the model was tested by
separating the residual sum of squares into pure error
and lack of fit. For each response, response surface
plots were produced from the fitted quadratic equations,
by holding the variable with the least effect on the
response equal to a constant value, and changing the
other two variables.
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Table 1. Coded levels for independent variables used in the
experiment
Factor Level

- α -1 0 +1 + α
A: Feed moisture (%) X1 11.95 14 17 20 22.05
B: Barrel Temperature (0C) X2 99.55 120 150 180 200.45
C: Honey proportion (%) X3 1.59 5 10 15 18.41

a = 1.682
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Extrusion

A twin screw co-rotating extruder (Clextral BC 21,
Firminy France) was used with a barrel length of 400
mm and a screw diameter of 25 mm (L/D ratio of 16).
The screw configuration was composed of mixing and
conveying elements with reverse element in the last
section of the barrel. The extruder was operated at a
constant feed rate of 10 kg/h. The first three heating
zones of the barrel were kept at a temperature of 40,
70 and 1000C, respectively. Temperature of the forth
zone was varied according to the experimental plan as
given in Table 2.  After extrusion, the extrudates were
packed in high density (0.97 g/cm3) polyethylene
package and subsequently analyzed for the quality
characteristics.

Physico-chemical properties
Expansion ratio

Five random pieces of extrudate were selected from
each sample and diameter was measured using vernier
caliper. Expansion ratio (ER) was then calculated as
the ratio of diameter of extrudates divided by diameter
of die (Kollengode et al. 1996). The average value is
expressed as expansion ratio.

Bulk Density

Bulk density (BD) of extrudates was calculated by
measuring the actual dimensions of the extrudates. Five
random pieces of the extrudates were selected from
each sample and its length (L) and diameter (d) were
measured using vernier caliper, simultaneously mass
(m) of the extrudate was also recorded using precision
weighing balance. The Bulk density (g/cm3) was
calculated according to the method of Alvarez-Martinez
et al. (1988) and average value is reported.

Bulk Density (g/cm3) = 2

4m

Π d L

Water absorption and solubility indices

Water absorption index (WAI) and water solubility index
(WSI) of extrudates were determined by a modification
of method of Anderson et al. (1969). The extrudate
samples were ground and sieved through 500µ sieve.
2.5 g sample was placed in the tared centrifuge tube
and 30 ml distilled water at 250C was added. The tubes
after closing were shaken to form dispersion and care
was taken to avoid lumping in order to produce smooth
dispersion. After standing for 30 min (with intermittent
shaking every 10 min), the samples were centrifuged
at 3000 rpm for 15 min. The supernatant was decanted

Table 2. Influence of feed moisture, barrel temperature and honey proportion on properties of rice-honey extrudates
Process variables Product Responses

Sl. No. Feed Barrel Honey Expansion Bulk Water Water Hardness
Moisture Temperature Proportion Ratio density absorption solubility (N)
(%) (0C) (%) (g/cm3) index(g/g) index (%)

1 14 120 5 4.48 0.1494 3.97 12.23 64.14
2 20 120 5 4.21 0.1719 4.49 10.53 66.27
3 14 180 5 4.04 0.1798 3.39 15.59 67.91
4 20 180 5 3.67 0.2149 3.78 13.91 71.83
5 14 120 15 3.39 0.2418 3.21 13.39 74.27
6 20 120 15 3.01 0.2589 3.69 13.03 79.06
7 14 180 15 3.27 0.2443 2.78 16.52 75.89
8 20 180 15 2.71 0.2662 3.36 15.94 82.34
9 11.95 150 10 3.82 0.2075 3.17 14.58 70.21
10 22.04 150 10 3.14 0.2498 4.18 12.73 77.32
11 17 99.54 10 3.72 0.2132 3.8 11.14 71.14
12 17 200.45 10 3.13 0.2498 3.09 16.93 77.73
13 17 150 1.59 5.15 0.0989 4.62 13.17 58.13
14 17 150 18.40 3.24 0.2382 3.35 15.91 76.07
15 17 150 10 4.76 0.1268 4.14 15.28 62.71
16 17 150 10 4.78 0.1259 4.13 15.38 62.93
17 17 150 10 4.75 0.1271 4.15 15.32 62.54
18 17 150 10 4.76 0.1267 4.14 15.19 62.77
19 17 150 10 4.75 0.1274 4.13 15.23 62.59
20 17 150 10 4.76 0.127 4.15 15.33 62.68

Honey-Brown rice extrudates Bobade et al
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into a tared aluminum pan and dried at 130±10C in hot
air oven until constant weight. The weight of the gel
remaining in the centrifuge tube was noted. The results
were expressed as the average of two measurements.

Hardness

Textural quality of the extruded snacks was examined
by using a TA-XT2i Texture Analyzer (Stable
Microsystems, Surrey, UK). The compression probe
(50 mm dia, aluminium cylinder) was applied to measure
the compression force required for samples breakage
which indicates hardness. Hardness of extruded snacks
was expressed in Newton (1N = 101.97 g force). Testing
conditions were 1.0 mm/s pre-test speed, 2.0 mm/s test
speed, 10.0 mm/s post test speed and 5 mm distance
(Pardhi 2011).

RESULTS AND DISCUSSION

Model description

In this study, response surface methodology was used
to model physico-chemical properties of extrudates
prepared by enrichment of brown rice flour with varying
proportions of honey at different moisture and
temperature conditions of extrusion. A quadratic
polynomial regression response surface model Eq. (1)
was fitted to all the response parameters. The multiple
regression equation representing the effect of
processing variables on product responses is given by
the second order model; the models explained the
variability in the experimental data obtained. The data
on values of physico-chemical properties of extrudates
is given in Table 2. Table 3 shows, coefficient of
equations obtained by fitting of experimental data. The
regression models for expansion ratio, bulk density,
water absorption index, water solubility index and
hardness were highly significant (P<0.05) with a high
correlation coefficient. None of the model showed
significant lack of fit (P>0.05) indicating that all the
second order polynomial models correlated well with
the measured data.  It is suggested that for good fit

model, R2 should be at least 80%. The results showed
that the model for all the response variables was highly
adequate because they have satisfactory levels of R2

(more than 80%) and there is no significant lack of fit
in all the response variables. The model having
significant lack of fit is not a good indicator of the
response and hence should not be used for prediction
(Myers and Montgomery 2002). Thus, these models
which had non-significant lack of fit could adequately
be used as predictor models. Moreover, non-significant
lack of fit in the models makes them as predictive
models.

Expansion Ratio

Expansion ratio of honey enriched brown rice extrudates
was ranged between 2.71-5.15 (Table 2). It is evident
from the Table 3 that all independent variables, namely,
feed moisture, barrel temperature and honey proportion
have negative effect on the expansion ratio. The effect
of honey proportion is most noticeable among all the
independent factors suggesting that honey
predominantly suppresses the expansion of extrudates.
Interactive effect of moisture and honey proportion and
that of temperature and honey also had significant
(P<0.05) but negative effect on the expansion ratio.
The significant interaction term means that a change in
honey proportion can affect the influence of moisture
and temperature on expansion ratio. Similarly, quadratic
effect of all independent variables had significant and
negative effect on expansion ratio. However, Fig.1
clearly indicated that at low level of moisture and
temperature, the value of expansion ratio was

Table 3. Regression coefficients of the polynomial function
and the coefficients of determination
Coeff- Expan- BD WAI WSI Hardness
icient sion

ratio
B

0
4.76 0.13 4.14 15.29 62.69

B
1

-0.20a 0.012a 0.27a -0.54a 2.14 a

B
2

-0.18a 0.011a -0.24a 1.65a 1.85a

B
3

-0.53a 0.039a -0.35a 0.82a 5.24a

B
12

-0.035 2.175x10-3 -3.750 x10 -3 -0.025 0.43 a

B
13

-0.037a -2.325 x10-3a 0.019a 0.31a 0.65a

B
23

0.070a -7.950 x10-3a 0.066 -0.087a -0.55a

B
11

-0.46a 0.036a -0.18a -0.60 a 3.99a

B
22

-0.48a 0.037a -0.26a -0.47 a 4.23a

B
33

-0.21a 0.015a -0.074a -0.29 a 1.64a

R2  0.99  0.99  0.98  0.99 0.99
a significant at 5 % level; Bulk density (BD); water absorption
index (WAI); Water solubility index (WSI).

( ) Dry grain of gel
WAI g/g =

Dry weight of extrude

( ) Weight of dry solids in supernatant
WSI g/g = x100

Dry weight of extrude
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increasing slightly up to certain moisture and
temperature but beyond which expansion ratio again
decreased. Further, it is apparent from the Fig. 2 that
the trend, however, was not observed with honey
proportion.

Expansion ratio of the extrudates, in fact,
increased up to certain moisture and temperature values
after which it fell drastically. Increasing feed moisture
from 14 to 17 per cent and temperature from 120-1500C
caused an increase in expansion ratio values for most
compositions. This resultant behavior observed in this
study is in agreement with results of Falcone and Philips
(1988) who found that increasing moisture content from
13-18 per cent increased expansion of sorghum
extrudates but further increase caused a decrease in
expansion. The decrease in the value of expansion ration
for higher temperatures (>1500C) may probably due to
the greater fragmentation of starch. Similar effect of

temperature on expansion of extrudates was observed
by Mendonca et al. (2000) who reported decrease in
porosity of extrudates at higher extruder temperature
(1500C) which can be attributed to increased
dextrinization and weakening of structure. The higher
feed moisture, on the other hand, probably reduced
barrel temperature resulting in lower flashing of moisture
and finally in a reduced expansion ratio. Similar effect
of moisture and temperature on expansion of rice
extrudates were observed by Hagenimana et al. (2006).

The effect of processing conditions on
expansion ratio showed inverse behavior as in bulk
density. This seems to be consistent result. Many
researchers (Raysas-Duarte et al. 1998; Suknark et
al. 1997) found that expansion ratio is inversely related
with the bulk density of extrudates.

Bulk density

Bulk density has been linked with the expansion ratio
in describing the degree of puffing in extrudates (Asare
et al. 2004). Bulk density of extrudates was varied from
0.0989 to 0.2662 g/cm3. Regression coefficients of bulk
density given in Table 3 indicated that feed moisture,
barrel temperature and honey proportion had significant
(P<0.05) positive effect on bulk density, an exact
opposite trend observed in case of expansion ratio. The
similar effect of feed moisture and barrel temperature
had been observed by Liu et al. (2011) in preparation
of texturized rice produce by improved extrusion cooking
technology. Moreover, interactively, feed moisture and
honey proportion; temperature and honey proportion
exerted significant and positive effect on the bulk
density.

The effect of component variables on the bulk
density of extrudates is presented in Table 2. The bulk
density was found to be most dependent on honey
proportion in comparison to feed moisture and barrel
temperature. Higher honey proportion along with high
moisture and high temperature resulted higher bulk
density in the studied experimental range. However,
lowest value of bulk density was observed at least honey
proportion and at intermediate moisture and
temperature. Though, the bulk density of extrudates
increased with, in general, increasing the levels of all
independent variables, the increment is more profound
up to certain level of moisture (17%) and temperature
(1500C), exactly opposite behavior observed with

Fig.1. Effect of moisture and temperature on expansion ratio
of extrudates

Fig. 2. Effect of moisture and honey level on expansion ratio
of extrudates

Honey-Brown rice extrudates Bobade et al
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expansion ratio (Fig. 3). The same effect of moisture
on bulk density has been reported by Stojceska et al.
(2009) in ready-to-eat snacks made from food by-
products. Honey, however, as seen from Fig. 4
principally increased the bulk density of extrudate over
entire range of proportion (1.59-18.41%). The quadratic
effects of all independent variables also had significant
positive effect on the bulk density of extrudates.

Increased feed moisture content during extrusion
cooking would change the amylopectin molecular
structure of the material reducing the melt elasticity thus
decreasing the expansion ratio but increasing the bulk
density of extrudate (Ding et al. 2005). On the contrary,
though other researchers (Ding et al. 2005; Liu et al.
2011) reported decrease in bulk density of extrudates
with increasing barrel temperature, exact opposite result
is found in this study. This uncharacteristic behavior may
be due to increased level of fibre and sugar (from honey)
in the feed material.

The observed bulk density of extrudate was
slightly higher than those reported by Charunuch et al.
(2003) in rice extrudate. This could be due to increased
amount of fibre and protein in brown rice flour used in
this study. The non-starchy polysaccharides in fibre may
bind water more tightly during extrusion than do protein
and starch. This binding finally may inhibit the water
loss at the die and thus reduce expansion and so
probably increased bulk density (Camire and King 1991).
Sarkar et al. (2011) also found increase in bulk density
of rice flour extrudates with additional level of fibre.

Water absorption index

Water absorption index (WAI) has been generally
attributed to the dispersion of starch in excess water,
and the dispersion is increased by the degree of starch
damage due to gelatinization and extrusion induced
fragmentation, that is, molecular weight reduction of
amylose and amylopectin molecules (Raysas-Duarte
et al. 1998).

The minimum value (2.78) of WAI was
recorded at the highest temperature (1800C), honey
proportion (15%) and lowest moisture (14%), while the
maximum value (4.62) of WAI was recorded at the
lowest honey proportion and intermediate feed moisture
(17%), barrel temperature (1500C). Mercier and Feillet
(1975) reported that WAI increases along with the
increase in temperature, after which it decreases,
probably due to increased dextrinization. The regression
coefficients presented in Table 3 signify that the linear
effect of all independent variables on water absorption
index is significant (P<0.05). Feed moisture had positive
effect, while barrel temperature and honey proportion
had negative effect on the water absorption index of
extrudates. Though quadratic effect of all independent
variables was significant, the interactive effect of only
moisture and honey together was significant.

Water solubility index

The values of water solubility index (WSI) of extrudates
were ranged in between 10.53 and 16.93 per cent. The
highest value of WSI was observed at 17 per cent feed
moisture, 200.450C barrel temperature and 10 per cent
honey proportion in the feed. The linear effect of
moisture on water solubility index was significantly
(P<0.05) negative suggesting that feed moisture

Fig. 3. Effect of moisture and temperature on bulk density of
extrudates

Fig. 4. Effect of moisture and honey level on bulk density of
extrudates

Oryza Vol. 53 No.4, 2016 (428-436)
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suppressed the water solubility of extrudates, whereas
barrel temperature and honey proportion had positive
significant linear effect on the WSI. Effect of barrel
temperature on WSI was most profound. Hagenimana
et al. (2006) reported that the higher moisture content
and lower temperature lead to the lowest value of WSI.

Generally, solubility increases with increased
moisture content and temperature. However, at high
temperature, moisture may flash off and thus resulting
in increase in the amount of degraded starch granules
forming more water soluble dextrins and other products.
Colonna et al. (1989) observed that WSI is related to
the presence of soluble molecules that have been
attributed to dextrinization. The interactive action of
feed moisture-honey proportion and barrel temperature-
honey proportion had significant effect on the water
solubility index. The quadratic effect of all three
independent variables significantly influenced the water
solubility index. These findings are in agreement with
those reported by Hagenimana et al. (2006).
Hardness

Product hardness is the average force required for a
probe to penetrate the extrudates. Hardness of brown
rice based extrudates varied between 58.13 and 82.34
N (Table 2). Lowest value of hardness was observed
at minimum honey proportion (1.59%) and intermediate
feed moisture (17%) and barrel temperature at 150 0C,
whereas the highest hardness was found at the highest
values of independent variables. Feed moisture, barrel
temperature and honey proportion had significant
(P<0.05) positive effect on the hardness of extrudates.
Increasing the values of these independent variables
increased the hardness of extrudates. Increased
moisture and honey proportion in feed lead to decreased
expansion and dense extrudate as consequence of
which the hardness of extrudate also increased. Similar
results were reported by Liu et al. (2000). Higher
values of hardness were associated with high BD and
low ER. Furthermore, interactive effect of moisture-
temperature and moisture-honey proportion (Fig. 5) also
positively influenced the hardness while interactive
effect of temperature and moisture (Fig. 6) negatively
affected the hardness of extrudates suggesting that at
constant honey level, increasing the feed moisture and
barrel temperature could reduce the hardness of
extrudates. The quadratic effect of all independent

variable was found significantly (P<0.05) positive on
the hardness of extrudates.

It is apparent from Table 3 that the hardness
of extrudates was negatively correlated with the
expansion ratio. Similar trend between hardness and
expansion ratio have been reported by many workers
(Jin et al. 1995; Rinaldi et al. 2000; Choudhury and
Gautam 2003).

Honey addition in brown rice flour at varying
proportion had marked effect on the physico-chemical
properties of extrudates. Honey, as observed, was
responsible to lower the expansion ratio, water
absorption index and increased bulk density, water
solubility index and hardness of the extrudates. The
positive effect with respect to elevation of quality of

Fig. 6. Effect of moisture and temperature on hardness of
extrudates

Fig. 5. Effect of moisture and honey level on hardness of
extrudates

Honey-Brown rice extrudates Bobade et al
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extrudates was observed only with water solubility index
otherwise, its addition lowered other quality parameters.
Feed moisture had negative effect on expansion ratio,
WSI and positive effect on bulk density, WAI and
hardness of extrudates. This suggests that too much
moisture in feed also hampers the quality of extrudates.
Similarly, effect of barrel temperature on expansion
ratio and WAI was negative whereas on bulk density,
WSI and hardness it exercised a positive effect.
Extrusion processing conditions, 14 per cent moisture;
1500C barrel temperature and 10 per cent honey in
feed resulted in overall high quality of extrudates. Good
quality extrudates could be resulted with brown rice
flour and honey with aforesaid extrusion processing
conditions. However, it will be prime and uphill task to
analyze the extrudates in terms of their nutritional
quality specifically nutrient retention, loss of anti-
nutritional factors and production of hydroxymethyl
furfural in honey-brown rice flour extrudates.
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