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IMPROVING THE PROPERTIES OF MEAT
ADDITIVES PRODUCED FROM DIFFERENT SOY
BEAN BLENDS BY THE SINGLE SCREW EXTRUDER

Morcos M. A. *, B. M. A. Amer', H. K. El-Manawaty”*
and M. M. H. Zakzouk"

ABSTRACT
Processing parameters for improving meat additives produced from soy
bean blends were applied including the use of blends of soy bean — faba
bean of different ratio (33.3:66.6, 50:50, 66.6:33.3, and 75:25%) and
different moisture contents of (15, 20, 25, and 30%). Operation
parameters of extruder were also applied as barrel temperature without
appling any thermal insulation at its three zone (feeding, kneading, and
cooking) (90, 140, 170°C) and barrel temperature at its three zone after
providing thermal insulation for its barrel (95, 145, 175°C) and different

dies with three diameters (6, 8, and 10 mm) and three lengths of die (45,

65, and 85mm). Those applied parameters were provided for evaluating
their effect on the chemical and engineering properties of the produced
texturized from (soy bean- faba bean) blends. The properties of the
produced texturized additives from (soy bean- faba bean) at 50:50% at
moisture content 20% accompanied by providing thermal insdlation for
the barrel housing and die's diameter 6mm and its length 85mm were the
best.

INTRODUCTION
r I oday, the extruder became one of the most important machines in

food processing, since it is used for making pasta, breakfast
cereals, baby food, snacks food, confectionery items, pet food,
extraction of oil and texturized protein (Linko et al. ,1983).
Soybean came the first of the natural alternates for meat, because it is
high in protein "containing 38%" by weight and oil makeing up about
18% of the weight of soybean seeds (U.S.B, 2?04).
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The locally produced texturized soybean is containing 7% fat but the
imported one is containing 0.5% fat; because in abroad it is acceptable to
remove the fat by solvent, but the solvent is unacceptable in Egypt since it
is: (1) expensive , (2) it's residual affect the quality of the product, and (3)
it changes the chemical component of the product.

To reduce the effect of fat, a suggestion of the addition of some legumes
which contain low amount of fat was proposed to make soy flour blends
having low fat content, since the high content of fat has the effects:

1 Decreasing the coefficient of viscosity which will be reflected in
decreasing the internal friction between the raw material and the
material of the machine.

2. Increasing the fat ratio in the final product which will be reflected
in decreasing in water absorption capacity and this will affect the
quality of the final product.

The nutritional value of bean "faba-bean" has been traditionally
attributed to it high protein content, which ranges from 25 to 35%,
despite the imbalance in sulphur aminoacids. Most of these proteins are
globulins (60%), albumins (20%), glutelins (15%) and prolamms It is
also a good source of sugars, minerals and vitamins. The chemical
analysis of this legume reveals a 50- 60% content of carbohydrate, which
is mainly constituted by starch, while the proportion of lipids is relatively
low at about 1-2.5% with oleic and linoleic acids representing about 75%
of fats (Larralde and Martinez, 1991).

Liang et al., (2009) mentioned that water absorption capacity for meat
additives produced by the extruder increased with feed moisture, barrel
temperature, and screw speed. Each of these also contributed to the
higher expansion ratio and the lower bulk density. Higher expansion ratio
means higher porosity of the sample and hence greater ease for
rehydration. All these conditions are indicative of higher and more rapid
expulsion of moisture due to the larger préssure difference and higher
_temperature at the die.

- Chakraborty and Banerjee (2009) found that the effect on the expansion
ratio by changing die temperature and feed moisture, were significant in
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the first order effect of feed moisture, and second order effect of feed
moisture and temperature. Increasing feed moisture and temperature,
expansion ratio increased at 15% moisture content and 181.5°C die head
temperature and decreased subsequently with the rise in temperature and
moisture content. On increasing temperature, gelatinization of starch was
more and raised expansion ratio, and with further increase of
temperature, starch fragmentation occurred and reduced expansion ratio.
Longitudinal expansion and elasticity factors were related with expansion
ratio.

This research has been undertaken to study the effect of decreasing heat
lose in single screw extruder to improve the properties of extrudates
produced from different flour blends at soy bean: faba bean ratios.

MATERIALS AND METHODS
A single screw extruder was used in this study to produce the locally
texturized soybean. The performance of the extruder depends upon both
the high pressure imposed by the extruder on soybean flour and the
increase of the generated temperature by the frication between cxtruder
inside surfaces and soybean flour. The temperature of the processed
material inside the extruder during the process was found to be 140°C.
The extruder drive is a SOHP electric motor. Speed reduction and torque
transfer are accomplished through the use of belts. The feeding device of
the extruder is a one HP side mounted motor. The fed material is pumped
by the screw of the feeding device into the extruder barrel which is also
accompanied with a mixing shaft. The extruder barrel assembly consists
of a stationary barrel housing, a rotating screw and steamlocks, and die.
The extruder barrel housing has inside axial groove design, to insure the
slip of the fed material. The extruder's screw geometry influences mixing,
kneading, and cooking of the fed material by the developed heat and
pressure. The movement and transformation of the fed material within the
extruder can be categorized into three zones or sections: feeding,
kneading, and final cooking zone. The design of the extruder's screw
includes three pieces or parts, each has constant pitch, constant depth, and
constant root diameter, and the number of flight on any part is the same in
the three zones. Four steamlocks are fixed with the three screw parts to
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limit the beginning and the end of each zone. In previous work the
specifications of each of the three screw parts were developed and these
three parts were fabricated. The specifications of the extruder’s screw are
listed in Table (1), (Morcos et al., 2007). A die plate serves as a
restriction device at the end of the barrel which can control barrel fill,
pressure, and temperature. The "die area" is the section of the extruder
that occurs after the material leaves the screw. The applied die hole
diameter is 0.8 cm.

Table (1): The specifications of the developed screw and that of the barrel
of the applied extruder.

Dimensions Feeding zone  Kneading zone Cooking
Zone
Pitch (cm) 3.55 2.6 1.75
Inside diameter (cm) 7.1 74 7.7
Outside diameter (cm) 92 9.2 92
Piece length (cm) 12.74 12.74 12.74
Inside obtained temperature 90 140 170
(°C) : :
Steamlocks thickness (cm) 1.905 1.905 1.905
Inlet steamlock diameter (cm) 8.225 8.575 9.207
Outlet steamlock diameter (cm) 8.575 ' 9207 9.525

Table (2): The specification of barrel housing and isulated materials.

Feeding Kneading Cooking

Description Unite

zone zone zone
Length of zone, L m 0.1263 0.1263 0.1263
Outer diameter, D, m 0.133 0.133 0.133
Inner diameter, D, m 0.10812 0.10812 0.10812
Ambient temperature, T3 °C 25 25 25
Wall temperature, T, °C 98 136 164
Soybean temperature, Ty °C 90 140 170
Material of insulation Glass wool  Glass wool Glass wool
Thermal conductivety of W/m°C 54 54 54
barrel material, kg
Thermal conductivety of 00 0033 0038 0038
insulation material, ki, ]
Thermal conductivety of ;00 3331 0.3331 0.3331
soybean, k,

Convection heat transfer g, 200 18435 1843.5 1843.5
coefficient, Iy
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The modification of the barrel housing of the single screw extruder
An insulation in the form of a cylindrical tube was added around the
barrel housing. The insulation has two different effects. The additional
insulation decrease the rate of the conduction heat transfer of the
insulation layer but increases the convection rate of heat transfer of the
surface because of the increase in the outer surface area for convection.
The heat transfer from the pipe may increase or decrease, depending on
which effect dominates.

Considering an insulation cylindrical pipe of outer radius r3 whose outer
surface temperature Tj is maintained constant, Fig (1) . The barrel is now
insulated by a tube of an insulating material with thermal conductivity of
kin. Heat is lost from the outer surface of the insulating tube to the
surrounding medium at temperature T3 , with convection heat transfer
coefficient hs. The rate of heat transfer from the outer surface of the
insulated tube to the surrounding air can be expressed as (Kumar, 2012):

Q= BT )
- T Tr
1 InzZ Iz

(@nry LYhy  2nlky  2mlkiy,  (2rrzl)hs

- Where:
T, : inner surface temperature of barrel, °C

T : outer surface temperature of barrel, °C

T3 : surrounding medium at temperature, °C

r1 : inner radius of barrel housing, m

rz : outer radius of barrel housing, m

r3 : outer radius of insulated barrel housing, m

L : length or barrel housing, m

K, : thermal conductivity of insulat‘ion, W/m°C

Kg : thermal conductivity of barrel, W/m°C ,

h; : convection heat transfer coefficient at barell, W/m?°C

hjs:convection heat transfer coefficient to the surrounding, W/ni2°C
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Fig .1. The insulation cylindrical pipe surrounding the extruder barrel.

Heat transfer coefficient of the soybean can be calculated by, (Heldman
and Lund, 2007, Lienhard, 2008, Cengel and Ghajar, 2011) and
Wikipedia, 2012):

_hH
Nu = P )]

Nu = 0.023 RO 4  (3)

R =&

“@

P =2t ©)

Where:

Nu : Nusselt number

H : Channel depth, m

R.: Reynolds number

P, : Prandtl number

? : Bulk density of dough, kg/m*

Vm : mean fluid velocity, m/s

1 : Viscosity, pa.s

Cp : Specific heat of soybean, k Cal / kg °C

Heat transfer coefficient of the barrel can be calculated by, (Wikipedia, 2012): '

— Kin
h3 . ™ thickness (6)

kin : Thermal conductivety of insulation material,
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