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Abstract- Extrusion Cooking Technology is used to produce snacks from various raw materials, including by-products. In this study extruded snacks were prepared
through Okara, a by-product of soya milk, blending with broken rice, a by-product of rice milling industry, using a single-screw extruder to assess their suitability as
snack food. Response surfaces generated by CCRD were used to evaluate the significance and effects of extrusion process variables on various physical properties of
extruded product. The combined effect of moisture content (14-22%), feed blend ratio of broken rice: okara (70:30-90:10), barrel temperature (120-160°C), and screw
speed (50-90 rpm) of extruder on physical parameters of extrudate (bulk density, specific length and sectional expansion index) were studied. The product properties
were found to be dependent on feed moisture, blend ratio and barrel temperature. The presence of okara content in blend ratio contributed to decrease the sectional

expansion index, specific length and to increase in bulk density.
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Introduction

One viable method for the utilization of by-products of food industry into useful
products is extrusion processing due to its versatility, high productivity, relative low
cost, energy efficiency, and lack of effluents [1). At present, technological
advances in processing techniques and diversity in the marketplace and
consumer culture have increased over time, and this has brought increasing
demand for their conversion into useful products for preventing pollution of the
environment as well as for economic motives and the utilization of valuable
constituents from food processing waste. Besides a major disposal problem for the
industry concerned, food processing waste has the potential to be converted into
useful products.

In this study Okara (soy pulp) and rice broken was used for manufacturing of
extruded snacks. Okara is a by-product obtained from soymilk production. Okara
is low in fat, high in fiber. Okara contains high moisture about 75-80% (wb) and on
a dry weight basis 24% protein, 8 to 15% fats, 12 to 14.5% crude fiber. It contains
17% of the protein from the original soybeans [2]. Okara fiber usually imparts a
gritty texture in products, which may be one of the reasons limiting its scope of
application. Okara is rich in nutrients content but majority of it is still being
discarded, causing environmental problems [2]. Hence, okara has potential to
develop a nutritious product that will be beneficial for human health.

Among all kind of raw material, cereal starches play a key role during extrusion
cooking. Starch undergoes several significant structural changes such as starch
gelatinization, melting, and fragmentation [3]. Rice contains high starch
percentage, which is above 80% depending on rice cultivars [4]. Rice is the
second largest produced worldwide next to wheat only [5]. In modem rice, milling
industry 3.50% rice broken is found as by product [6], which is sold in cheaper
price in market. Rice broken contains approx 5-6% protein, 0.09% fat, 0.07% ash
contain, 22-23% amylose content and pH 4-5 [7].

The extent of molecular destruction of starch mainly depends on extrusion
parameters like temperature, feed moisture, feed rate, screw speed [8] and feed
composition [9]. According to [10] the role of shear, temperature, moisture and
feed composition are significant in the transformation of starch by extrusion.
Effects of extrusion parameters on physical properties of extrudate were analyzed
using central composite ratable design with response surface methodology. RSM
is a rapid procedure with less number of experiments and efficiency to the general
vicinity of the optimum. This method of optimization i.e., RSM is preferred because
it can simultaneously consider several factors at many different levels and
corresponding interactions among these factors using a small number of
observations [11]. The analysis of response surfaces is generally carried out
graphically by drawing contour plots in a plane or computing surfaces in three-
dimensional space. Based on above facts, in this investigation, the effect of
operational parameters i.e. moisture content of feed, blend ratio of broken rice and
okara, screw speed, barrel temperature and die head temperature on the physical
properties of extrudate were studied using response surface methodology.

Materials and Methods

Materials

Rice broken was procured by the local market and Okara was supplied by
Mahalaxmi Associates (a soya paneer manufacturing company) Suhagi, Jabalpur.
The broken rice was ground into flour by a hammer mill. The ground flour was
then passed through 100 mesh 1.S. sieve. The flour collected in the pan was used
for further research work.

Methodology
Moisture determination of the raw materials
Moisture content of raw materials was determined using the standard air oven.
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method according to AOAC, 2002

Moisture Management of Blends

Moisture content of blends is an important parameter, and it was managed
separately of each 32 blends of samples, obtained from Central composite
rotatable design using 5x5 matrix. To achieve the desire level (14, 16, 18, 20 & 22
% wb) of moisture content in different blend ratio the moisture was added or
removed by drying. The mixture was left for tempering to equilibrate the moisture
[12).

Extrusion cooking

The Brabender single screw laboratory model extruder (model Brabender D47055
DUISBURG) was used for preparation of extrudate snacks of broken rice and
okara. Extruder was operated at some constant parameters such as feed screw
speed of 20 rpm, length-to-diameter ratio of 20:1, compression ratio of 2:1,
diameter of die of 5 mm.

During extrusion, the barrel temperature, die head temperature and screw speed
were the variable machine parameters [Table-1]. Extrudates were cooled to room
temperature and sealed in polyethylene bags until observations were taken.

Statistical design

A central composite rotatable design was used to show the effects of interactions
of moisture content (MC), blend ratio (BR), barrel temperature (BT), Die Head
Temperature (DHT) and screw speed (SS) on extrudates. Each parameter was
taken in five levels as shown in [Table-1].

The results were analyzed using 45 days trial pack of software Design expert @
9.0.3. The Response surface methodology (RSM) in Central Composite Rotatable
Design (CCRD) was used. The observed data were analyzed and response
surfaces were generated for bulk density, sectional expansion index and specific
length of extrudates.

Product quality analysis

Sectional expansion index is a measure of degree of puffing, an important
property from the quality point of view of extrudate to yield a soft, porous and
crispy extrudate. Expansion was determined using the method of [13]. The ratio of
diameter of extrudate to the diameter of die was used to express the sectional
expansion of extrudate.

The bulk density of the dried extrudates was calculated by determining the volume
of the extrudates by filling a container of known volume, and the sample weight
[14]. The reported values are the mean of three replicates.

Specific length was measured as the method described by [15]. It is the ratio of
length of specimen to the mass of specimen.

Results and Discussion

Bulk Density (BD) of extrudates

Bulk density is the mass per unit bulk volume is calculated including the volume of
void spaces. Bulk density was varied from 0.08 to 0.45 g/cm3. Minimum bulk
density (0.08 g/cm?) was found at moisture content 20%, blend ratio 85:15 (rice
broken: Okara), barrel temperature 130°C, die head temperature 170°C and screw
speed at 80 rpm. Multiple-regression analysis of the bulk density (BD) versus feed
moisture content (MC), blend ratio (BR), barrel temperature (BT), die head
temperature (DHT) and screw speed (SS) yielded following polynomial model [Eq-
1:

BD = 12.58 - 0.70 x MC + 0.02 x BR - 4.6E - 003BT - 0.07 x DT + 0.03 x SS +
2.16E- 003 x MC % BR + 1.7E - 003 x MC x BT + 1.9E - 003 x MC x DT + 3.8
004 x MC x SS -3.25E — 004 x BR x BT + 5.5 - 004 x BR x DT + 5€ - 005  BR
x SS + 2.05E - 004 x BT x DT - 7.5 - 005 x BT x SS + 1.25E - 005 x DT x SS -
2.84E - 003 x MC? + 4.5E - 004 x BR? - 1.9E - 004 x BT + 1.5E 004 x DT2 -
2AE 004X SS2 oo [Eq-1].

Value of R2 was 72.74%, which shows that model was adequate in describing the
bulk density of extrudates. [Fig-1, 2, 3 and 4] show the interactive response of pair
of two different independent variables taken together on bulk density of

extrudates. Response surface plot for bulk density, as a function of blend ratio
(Rice: okara) and moisture content of feed is given by [Fig-1]. It shows that on
increasing the rice broken percentage in blend, the bulk density decreases. In
other words, increment in Okara content in blend, results higher bulk density of
extrudate because okara contains high protein and high fiber. This was also
observed by [16]. Effect of moisture content was observed positive i.e. on
increasing the moisture content; the bulk density was also increased. This may be
due to the reason that increased feed moisture content during extrusion would
change the amylopectin molecular structure of the material reducing the melt
elasticity thus decreasing the expansion but increasing the density of extrudate
[17]. [Fig-2] and [Fig-3] show the effect of temperature (barrel temperature and die
head temperature) on bulk density of extrudate. On increasing the die head
temperature and barrel temperature, the bulk density was decreased. The
reduction of rice okara extrudate density caused by increased barrel temperature
and die head temperature was also found by [18, 19]. The variation in bulk density
with respect to screw speed was almost linear as shown in [Fig-4]. It was also
reported that screw speed had no significant effect on the bulk density of rice
extrudates including rice bran, rice flour, amaranth extrudate, and oat-corn puff
[14,18, and 20].

Fig-1 Effect of blend ratio and moisture content on BD of extrudate

Fig-3 Effect of die head temperature and blend ratio on BD of extrudate
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Fig-4 Effect of screw speed and barrel temperature on BD of extrudate

Sectional Expansion Index (SEI).

It is a measure of degree of puffing of extrudate; an important property from the
quality point of view of extrudate to yield a soft, porous and crispy extrudate. The
maximum sectional expansion index (4.95) was found at blend ratio of 85:15 (rice
broken:okara), 16% moisture content, barrel temperature 150 °C, die head
temperature 170°C, screw speed 60 rpm and minimum value (1.04) of sectional
expansion index was observed at blend ratio of 75:25 (rice broken:okara), 20%
moisture content, barrel temperature 130 °C, die head temperature 190°C, screw
speed 60 rpm. The data obtained from the experiments was analyzed by using
multiple regressions and second order polynomial model was fitted to the
experimental data of independent variables. The relationship of sectional
expansion index developed with the independent variables i.e. moisture content
(MC) and blend ratio (BR) of feed, screw speed (SS), barrel temperature (BT) and
die head temperature (DHT) is given in [Eq-2].

SEI=35.29+2.6 x MC- 0.048 x BR - 0.65x BT - 0.14 x DT - 0.08 x SS + 0.024
x MC x BR - 3.19E - 0.003 x MC x BT - 9.19E - 0.003 x MC x DT - 0.024 x MC x
SS+1.18E - 0.003 x BR x BT - 6.25E - 0.004 x BR x DT - 1.58E - 0. 003 x BR x
SS+1.21E-0.003 x BT x DT + 3.13E - 0.004 x BT x SS + 1.19E - 0.003 x DT x
SS-0.01x MC? - 1.32E - 003 x BR? + 1.29E - 003BT? + 1.57E - 004 x DT? +

1.97E - 003 x S§?

A strong association between the different variables under study was endorsed by
good value of R?i.e. 81.53%. The second order model was adequate in describing
the sectional expansion index of extrudates. The response surface graphs for the
Sectional Expansion Index as a dependent variable against combinations in pair
of two different independent variables of the model [Eq-2] are represented in [Fig-
5, 6], and [Fig-7]. For a better product quality, Sectional Expansion Index should
be higher. [Fig-5] shows the effect of moisture content and blend ratio on SEI. It
shows that on increasing the broken rice content from 70% to 90% in blend, there
was a sharp increase in SEI. In other manner, the incorporation of okara in blend
ranges from 10% to 30% contributes to decrease in SEI. [21] studied extrusion of
rice flour with 10, 15, and 20% of soybean peels (crude fiber ranging from 14.54 to
20.1) and obtained expansion index values between 4.37 and 4.90. The presence
of fiber can break the walls of the bubbles in the product preventing its maximum
expansion [22]. Effect of moisture content on SEI was negative i.e. on increasing
the moisture content of feed, there was a sharp decrease in SEI. This was also
observed by [17]. [Fig-7] shows the effect of barrel temperature and die head
temperature on sectional expansion index of extrudate. It was observed that on
increasing the both barrel temperature and die head temperature, the SEI
increased. An increase in the barrel temperature will decrease the melt viscosity,
which was confirmed by the report of [23] that extrudate viscosity decreased with
increased temperature. The reduced viscosity effect would favour the bubble
growth during extrusion. Moreover, the degree of superheating of water in the
extruder would increase at higher temperatures, also leading to greater
expansion.
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Fig-7 Effect of barrel temperature and die head temperature on SEI of
extrudate

Specific Length (SL) of Extrudate

Specific length of broken rice and okara based extruded snacks varied from 3.37
to 9.95 mm/g. The maximum specific length (9.95) was found at blend ratio of
80:20 (rice broken:okara), 18% moisture content, barrel temperature 160 °C, die
head temperature 1800C, screw speed 70 rpm and minimum value (3.37) of
specific length was observed at blend ratio of 85:15 (rice broken:okara), 16%
moisture content, barrel temperature 130 °C, die head temperature 170°C, screw
speed 60 rpm. The data obtained from the experiments was analyzed by using
multiple regressions and second order polynomial model was fitted to the
experimental data with coded value of independent variables. The relationship
developed with the coded values of independent variables is given in [Eq-3].

SL=156.1+5.26 X MC - 1.27 x BR - 205 x BT + 0.53 x DT - 1.64 x S - 4.38E -
004 x MC % BR - 1.72E - 003 x MC x BT - 0.02 x MC x DT - 2.19E - 004 x MC x
S+ 8.99F - 003 x BR x BT + 9.38F - 003 x BR x DT +0.02 x BR x SS + 2.99F
~ 003 x BT x DT + 2.64E - 003 x BT x S - 3,13 - 005 x DT x SS - 7.21E - 003
x MC2 - 8.50F - 003  BR2 + 2.46F - 003 x BT - 1.59E - 003 x DT2-7.65E - 004
2 [Eq-3].
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A strong association between the different variables under study was endorsed by
good value of R2i.e. 63.96%. The second order model was adequate in describing
the specific length of extrudates. The response surface graphs for the specific
length as a dependent variable against combinations in pair of two different
independent variables of the model 3 are represented in [Fig-8, 9] and [Fig-10].
[Fig-8] shows the effect of moisture content and blend ratio on specific length of
extrudate. It was observed that on increasing the moisture content, the SL also
increases. This was also observed by [24]. Effect of blend ratio on SL of extrudate
was that on increasing the rice broken content in blend, the SL increased. On the
other hands, on increasing the Okara content in blend, SL decreased. It may be
because of the material become hard due to high protein denaturation and poor
gelatinization of starch [25]. [Fig-9] represents the effect of die head temperature
and barrel temperature on SL of extrudate. Effect of temperature on SL was
positive i.e. on increasing the temperature, the SL also increased. This was also
observed by [26] that at high temperatures, the pressure of saturated vapor was
higher than that of melt towards the die exit, and this would favor the start of
bubble growth inside the die in the direction of flow and thus higher Specific
length. Effect of screw speed on SL was also positive as shown in [Fig-10].

Fig-9 Effect of Die head temperature and barrel temperature on SL of
extrudate

Fig-10 Effect of screw speed and blend ratio on SL of extrudate

Conclusions
The physical properties (bulk density, sectional expansion index and specific
length) of broken rice and okara based extrudates produced on a single-screw

extruder were dependent on several process variables. Feed moisture content,
screw speed and barrel temperature all had some significant effect on various
extrudate properties. The product properties were found to be most dependent on
feed moisture, blend ratio and barrel temperature. During the extrusion process,
the dough viscosity, elastic swell effect and bubble growth effect contribute to the
structure change of the extrusion mix. The degree of starch gelatinization and
extrudate expansion was found to be reduced as the feed moisture increased. The
water acts as a plasticizer to the starch-based material reducing its viscosity and
the mechanical energy dissipation in the extruder thus the product becomes
dense and bubble growth is compressed. The reduced starch gelatinization and
limited bubble growth would result in a dense and therefore harder product, as we
observed in this work. It is expected that increasing temperature would decrease
melt viscosity, which favours bubble growth and produce low density less firm
products. The presence of okara content in blend ratio contributed to decrease the
sectional expansion index, specific length and to increase in bulk density. The
optimum operating parameters for the production of extrudate was found at 90%
broken rice, 10% okara content contain, screw speed 76 rpm, barrel temperature
159°C, Die head temperature 160°C and 18% moisture content.

Conflict of Interest: None declared

References

[1]  Guy. Robin (2001) Raw materials for extrusion cooking: Extrusion cooking;
Technologies and Applications. R.Guy (ed.) Woodhead Publishing.
Cambridge. U.K. pp 5-28.f

[2] Wickramarathna G.L. and Arampath P.C. (2003) Cey. J. Sci. (Bio.Sci.), 31,
29-33

[3] Lai LS and Kokini JL (1991) American Chemical Society and American
Institute of Chemical Engineers, Biotechnology Progress, 7(3),251-266.

[4] Srikaeo K. and Sopade P.A. (2010) Carbohydrate Polymers, 82, 952-957.

[5] Khoso I.A. and Raza M. (2008) Diagnostic study rice cluster Larkana,
Sindh-Pakistan. Smalland medium enterprise development authority (SME
DA),p.1-13.

[6] Swetha M K, Mahajanashetti SB and Kerur N M. (2011) Karnataka J. Agric.
Sci., 24(3), (331-335).

[7] Koh SPandLong K (2012) J. Trop. Agric. and Fd. Sc., 40(2), 211-219.

(8] Davidson VJ, Paton D, Diosady LL and Larocque GJ (1984) Journal of
Food Science, 49, 1154.

[9 Faubian JM and Hoseney RC (1982) Cereal Chemistry, 59,529.

[10] Harper JM (1986) Food Technology, 40(3), 70.

[11] K. BalaDurga Devi, P. Vijayalakshmi, V. Shilpa, VSSL Prasad T, B.
Veerendra Kumar (2015) Indian Journal of Sciences and Technology, 8,
(6).

[12] Verma DK. (2010) Optimization of process parameters for development of
protein enriched rice (Oriyza Sativa) based snack food through extrusion
cooking. Ph.D. Thesis, JNKVV, Jabalpur.

[13] Alvarez-Martinez L., Kondury K.P., Harper J.M., (1988) Journal of Food
Science, 53(2), 609-615.

[14] Grenus KM, Hsieh F, Huff HE. (1993) J. Food. Eng., 18, 229-245.

[15] Singh DS, Amol, Pare A, Singh M and Seth N. (2014) Journal of Agri.
Search, 1(1), 13-18.

[16] Shi C, Wang L-, Adhikari B, Li L-L. (2011) International Journal of Food
Engineering, 7 (2), pp. 1-24.

[17] Qing-Bo D, Ainsworth P, Tucker G, Marson H. (2004) Journal of Food
Engineering, 66, 283-289.

[18] Fletcher SI, Richmond P, Smith AC. (1985) Journal of Food Engineering, 4,
291-312.

[19] llo S; Berghofer E. 1999. Journal of Food Engineering 39, 73-80.

[20] LiuY; Hsieh F; Heymann H; Huff HE. 2000. J Food Sci65, 1253-1259.

[21] Ascheri, J. L. R,; Carvalho, C. W. P. (2006). CaracteristicasTecnolégicas
de Expandidos de Arroz e Casca de Soja. Rio de Janeiro; Embrapa, 2006.
2p.

[22] LUE, S.; HSIEH, F.; HUFF, H. E. (1991) Cereal Chemistry, v. 68,p. 227-

International Journal of Agriculture Sciences
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 8, Issue 51, 2016

||BioinfoPublications||

2324



Kanojia Varsha and Singh Mohan

234.

[23] Mercier C and Feillet P. (1975) Cereal Chemistry, 52, 283-297.

[24] Singh M. (2008) Investigations on application of extrusion cooking
technology for preparation of ready to eat extruded snack from different
blends of rice, maize and defatted soy-flour and safed musali. Ph.D. Thesis,
JNKVV, Jabalpur.

[25] Basediya AL. (2008) Study of the effect of process and operational
parameters of extrusion cooking of sorghum, horse gram and defatted soy
flour blends. Ph.D. Thesis, College of Agricultural Engineering, JNKVV,
Jabalpur.

[26] Della Valle GB, Colona VP and Patria A. (1997) Journal of food
Engineering, 31(3), 277-295.

International Journal of Agriculture Sciences
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 8, Issue 51, 2016
||BioinfoPublications|| 2325



