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EFFECT OF EXTRUDER DIE DIMENSIONS ON THE
PROPERTIES OF THE EXTRUDATE PRODUCTS

M. A. Morcos*, M. I. Ghonimy* and G. M. M. Abdel-Rahman*
ABSTRACT

A modified single screw extruder (Morcos et al. 2007), was used in this
research to study the effect of five levels of diameter/ length ratio "D/L"
of the die nozzle (0.100, 0.138, 0.171, 0.208 and 0.292), two levels of fat
contents (7 and 1.5%) and three levels of moisture content "MC" (10, 15,
20% of the soybean flour) on the physical and mechanical properties of
the texturized soybean, beside its pH, bulk density "pb", hardness "H",
and water absorption "WA". The results showed that the best tested
treatments had a D/L ratio ranged between 0.100 and 0.138, die
diameter ranging between 2 and 3 mm, 20% MC andl.5% fat content.

Keywords: Extruder, die diameter, die length, fat content, moisture
content and texturized soybean

INTRODUCTION

oday, healthy food is one of the most important needs of humans.

In the search for a natural alternate for meat, soybean comes first

of all (A.S.A 2002), since it has high content of protein, which
has favorable amino acids, beside containing oil and carbohydrate (U.S.B
2004).The first step of utilizing soybean protein is achieved by extracting
most of its oil after soybean grinding. The remainder of its contents
containing protein and carbohydrates is called "soy flour".

Riaz (2002) stated that, after the transformation of soybean flour by the
extruder to the structured material "texturized soy bean", will have high
content of protein. The ordinary used single screw extruder has lot of
limitations regarding the flow of the material inside its barrel.

The operation of a single screw extruder depends on the slip of the
material at its barrel wall, the degree to which the screw is filled and the
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inside temperature and pressure generated during material flow.

All these variables along with the type of raw ingredient limit the
operation range of single screw extruders (Mercier et al. 1989). Also, the
dimensions of the extruder die play an important role in that. The die
inside nozzle diameter and length play an important role in affecting the
performance of the single screw extruder (Chinnaswamy et al. 1987).
Kearns et al. (2003) mentioned that the extrusion cooked texturized
protein includes meat extenders in the form of chunks or small granular
pieces which are wet milled or produced directly off the extruder.
Extruders also are able to produce a meat analog that has a remarkable
similarity in appearance; texture and mouth feel to meats.
Lin et al. (2000) found that the soybean protein products could be
texturized either at low moisture conditions (< 35%) by single screw
extruders or at high moisture conditions (> 50%) using twin screw
extruders. Singh et al. (2007) conducted a study to investigate the effect
of feed moisture (18-24%), extrusion temperature (130-170 C) and level
of pea grits (0-30%) on the extrusion behavior and extrudate properties
of grain grits. The extruder die pressure decreased with the increase in
moisture content and temperature. Addition of pea grits to the rice grits
resulted in a decrease in die pressure in all the blends during extrusion.
The expansion ratio was found to be highest at 150 °C.

The objective of this study was to investigate the effect of die nozzle
dimensions, fat contents and moisture content of the soybean flour on the
physical and mechanical properties of the texturized soybean.

MATERIALS AND METHODS

A modified single screw extruder (Fig. 1) (Morcos et al. 2007), was used
in this research to study the effect of die dimensions on the properties of
the locally produced texturized soybean. The performance of the extruder
depends upon the increase of the pressure imposed by the extruder on
soybean flour accompanied by the increase of temperature generated by
the dissipated energy during the flow of soybean material inside the
extruder along its three consecutive zones.
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Feed hopper

Drive system

A developed extruder's screw.

Fig. (1): The used single screw extruder.
Treatments:

1. Die dimensions
The dimensions of the used five extruder dies are shown in table (1).

Table (1): Dimensions of different dies used in the experiments

Die dimensions
Length, Inside diameter, | D/L ratio
mm mm
30.0 3.0 0.100
14.5 2.0 0.138
17.5 3.0 0.171
13.0 2.7 0.208
13.7 4.0 0.292

2. Fat content
The tested values of fat contents were: 7 and 1.5% (by weight).

3. Moisture content "MC"'

Three different values of soybean flour moisture content were tested: 10,

15 and 20%.

Fig. (2) demonstrates the studied treatments.

Calculation and Laboratory Measurements

1. Moisture content, crude protein, fat, total carbohydrates and ash
contents were determined according to the methods described in
A.0.A.C (1995).

2. The pH of soybean flour was determined using pH meter, following
the methods described in Ranganna (1977).
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Moisture content 10%
Moisture content 15%
Moisture content 20%

D/L ratio 0.100
D/L ratio 0.138
D/L ratio 0.171
D/L ratio 0.208
D/L ratio 0.292
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For fat content 7%, the symbols have a subscript "1"
For fat content 1.5%, the symbols have a subscript "2"

Fig. (2): The symbols of the tested treatments.

3. The bulk density was calculated from equation (1):

where:
p» = The bulk density of the produced texturized soybean, g /1;
m = The mass of the texturized soybean, g;
V = The volume of the texturized soybean, cm’.
4. The texturized soybean hardness "H" was determined using a digital
hardness measuring instrument.
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It has to be mentioned here that the "hardness" in food technology is
measured in (Newtons) which means the force under which the
aggregates collapse.

5. Water absorption capacity "WA" was measured following the method
described by ( A.A.C.C. 1995).

6. Aggregate size distribution
A set of sieves of 9.5, 3.35, 2 and 1.4 mm diameter were used. The
mean weight diameter of the aggregates was calculated according to
De-Leenheer and De-Boodt (1966).

RESULTS AND DISCUSSION

1- Chemical components of texturized soybean
The chemical components of the imported and the locally produced
texturized soybean are shown in table (2).
Table (2): Chemical components of the imported and the locally
produced texturized soybean.

Total
Fat | Protein | Carbohydrates | Ash | Moisture
% % % % %
Imported texturized soybean | 0.5 [ 67.5 19.5 6.6 5.9
Locally produced texturized
soybean 7 47.1 29.8 7.3 8.8
Average values for 1.5% fat
content treatments 1.5 55 28.1 7.2 8.2
Average values for 7% fat
content treatments 7 51.8 27.9 7.1 6.2

Comparing the results of the imported and the locally produced
texturized soybean, it was found that the protein of the locally produced
texturized soybean was less than that of the imported one by 20.4%.
Also, fat content, total carbohydrates, ash and moisture content of the
locally produced texturized soybean were more than those of the
imported one by 6.5%, 0.32%, and 0.7and 2.9% respectively.

2. Texturized soybean pH

The average values of the texturized soybean pH are shown in table (3)
and Fig. (3). It is clear that the pH of the imported texturized soybean
were less by 2 than that of the normally produced texturized soybean.
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TAble (3): Physical properties of the texturized soybean at 7% and 1.5% fat content for different treatments

Treatment | D/L MC, Bulk density, g/l Hardness, N Water absorption, %

symbol ratio % 7% 1.5% 7% 1.5%

0.100 10 . . 405 333 13.2 18.1
0.100 15 . . 402 326 15.4 21.4
0.100 20 . . 392 310 17.1 22.6
0.138 10 . . 410 336 12.9 17.2
0.138 15 . . 402 330 13.1 18.2
0.138 20 . . 400 320 13.6 18.6
0.171 10 . . 422 345 12.9 16.4
0.171 15 . . 420 344 13.0 17.4
0.171 20 . . 408 334 13.6 17.9
0.208 10 . . 435 356 12.1 16.9
0.208 15 . . 425 348 12.2 17.0
0.208 20 . . 421 340 12.2 17.1
0.292 10 . . 446 356 12.4 159
0.292 15 . . 440 360 13.6 15.8
0.292 20 . . 432 354 13.9 16.3

Imported texturized
Locally produced texturized

A
B
C
D
E
F
G
H
I
J
K
L
M
N
[0)

* For fat content 7%, the symbols have a subscript "1"
** For fat content 1.5%, the symbols have a subscript "2"
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Also, the values of pH for all treatments at the two levels of fat (7% and
1.5%) were more than that of the imported texturized soybean, but the
values of pH for the treatments at 1.5% fat were less than those of the
treatments at 7% fat, and more close to that of the imported texturized
soybean.

At 7% fat content, the pH values increased by 6.4% when the ratio of die
diameter/length (D/L ratio) increased from 0.100 (Treatment A;) to 0.929
(Treatment M;). The same trend was found at 15 and 20% moisture
contents. At 1.5% fat content, the pH values decreased by decreasing D/L
ratio and by increasing moisture content.

From Fig. (3), it could be concluded that the C, treatment is the best
treatment at 1.5% fat content and 20% moisture content. However, this
treatment could give less productive rate since the die diameter is 3.0 mm
while that of M; is 4.0 mm.

3. The bulk density "pb'' of the texturized soybean

The average values of texturized soybean bulk density "pb" are shown in
table (3) and Fig. (4). It is clear that the pb of the imported texturized
soybean was less by 164 g/l than that of the locally normally produced
texturized soybean.

The pb values of the different treatments increased by increasing the D/L
ratio and by decreasing the moisture content The values of pb for all
treatments at the two levels of fat (7% and 1.5%) were greater than that
of the imported texturized soybean, but the value of pb of the treatment
C, (D/L ratio = 0.100, MC = 20% and fat content = 1.5%) was less than
that of the imported texturized soybean. However, the value of bulk
density for the treatment F, at 1.5% fat content was almost the same as
that of the imported texturized soybean.

At 7% fat content, the pb value was increased by 10.12 % when the die
diameter/length "D/L ratio" increased from 0.100 (treatment A;) to 0.929
(Treatment M) at 10% moisture content. The same trend was found at 15
and 20% moisture contents.

Fig. (4) showed that the F, and C, treatments at 1.5% fat content and
20% moisture content were the best treatments. However, the production
rate of this treatment is expected to be less than the treatments "M, N,
and O;" since the die diameter of the first was only 2 mm, while that of
the last treatments was 4mm.
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Fig. (3): Effect of the tested treatments on the pH
of the texturized soybean.

L 0.100 _|_ 0.138 _|_ 0.171 _|_ 0.208 _|_ 0.292 _{ D/L ratio

& A &

S N &

(R
I I

380 -
360 - / /
340 - -
320 - 4 -
300 -

Bulk density, g/lit.

A B C D E F G H I J K L MN O

Treatments

‘D 7% fat content W 1.5 % fat content‘

Imported texturized soybean == == =]ocally produced texturized soybean
Fig. (4): Effect of the tested treatments on the bulk density of the
texturized soybean
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The value of pb for the treatment C, at the 1.5% fat content was less than
the imported texturized soybean. This was due to that its aggregate size
tends to be bigger than that of the imported texturized soybean. This
caused an increase in its inter aggregates spaces, which resulted in the
lower value of its bulk density. The productive rate for this treatment is
expected to be higher than that of treatment F, since the die diameter of
the first treatment was 3mm, while that of the later was only 2mm.

Multiple regression analysis was used to derive a regression equation
(2), expressing the effects of die diameter/ length ratio "D/L" and
material moisture content "MC" on the bulk density "pb" of the texturized
soybean at 1.5 %fat content.

pb=2a,.(D/L) +b;. MC+Kky .oceevennn.. (2)
where
pb = Texturized soybean bulk density, g/I;
D/L = Die diameter/ length ratio, dimensionless;
(0.100 < D/L <£0.292)
MC = Moisture content , %; (10 <MC <20)
aj, by & k; = Empirical constants.
a;=181.96, b;=-1.36, k, =326.786, R*=0.896
Also, the effect of die diameter/ length ratio "D/L" and moisture content
"MC" on the texturized soybean bulk density "pb" was highly significant
at 0.01 level of probability, i.e. the pb is highly affected by these two
studied factors.

3. The hardness '""H" of the texturized soybean

The average values of the texturized soybean hardness "H" are shown in
table (3) and Fig. (5). It is clear that the H value of the imported
texturized soybean was greater by 7.1 N than that of the locally normally
produced texturized soybean.

The H values of the tested treatments decreased by increasing the D/L
ratio and by increasing the moisture content. The values of H for all
treatments at 7% and 1.5% fat content were less than that of the imported
texturized soybean except for treatments B, and C, since its values
increased than that of the imported texturized soybean by 9 % and 15.5%
respectively. For treatments F, E, and A,, the H value decreased only by
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0.5 %, 2.7% and 3.2% respectively than that of the imported one, while
the reduction in H value for the rest treatments at the 1.5% fat content
ranged between 4.3% and 15.5 %.
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Fig. (5): Effect of the tested treatments on the hardness of the
texturized soybean

It has to be mentioned here that both the bulk density and the hardness
values for treatment C, were better than those of the imported one, which
means that the C, treatment gave better stability for the aggregates and
better product.
The best followed ones are for treatments F,, E, and I,. For the C,, B»
and I, treatments, it is expected to give better production rates than those
of E; and F,, since the die diameter was 3mm for the first, while it was
only 2.0 mm for the later.
Multiple regression analysis was used to derive a regression equation
(3), expressing the effects of die diameter/ length ratio "D/L" and
material moisture content "MC" on the hardness "H" of the texturized
soybean at 1.5 %fat content.

H=a,(D/L) +b,. MC+ Ky ..o 3)
where

H = Texturized soybean hardness, N;
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D/L = Die diameter/ length ratio, dimensionless;
(0.100 < D/L. <0.292)
MC = Moisture content , %; (10 < MC < 20)
ay, by & k, = Empirical constants.
a,=-22.072, by= 0.17, k=19.2293, R*=0.73
Also, the effect of die diameter/ length ratio "D/L" and moisture content
"MC" on the texturized soybean hardness "H" was highly significant at
0.01 level of probability, i.e. the H is highly affected by these two
studied factors.

4. The water absorption '""WA"' of the texturized soybean

The average values of the texturized soybean water absorption "WA" are
shown in table (3) and Fig. (6). It is clear that the WA of the imported
texturized soybean were greater by 135.7% than that of the locally
normally produced texturized soybean.

The WA values for the tested treatments were varying by increasing the
D/L ratio and by increasing the moisture content. The values of WA for
all treatments at the two levels of fat (7% and 1.5%) were less than that
of the imported texturized soybean. But for the 1.5% fat content, the
values of WA increased than those of 7% fat content within a range of
41% up to 62%. The best result was obtained for treatment C, (375.0 %)
followed by treatments D», E,, A, and F, since their values for WA were
372.0 %, 368.6%, 365.25 and 365.0% respectively. However, the
productive rates for both treatments C, and A, are expected to be greater
than those of D2, E2 and F2, since the die diameter for the first
treatments was 3.0 mm while that of the later was only 2.0 mm.

Multiple regression analysis was used to derive a regression equation
(4), expressing the effects of die diameter/ length ratio "D/L" and
material moisture content "MC" on water absorption "WA" of the
texturized soybean at 1.5 %fat content.
WA =as3.(D/L) + b3. MC+ K3 oo, 4)
where
WA = Texturized soybean water absorption, %;
D/L = Die diameter/ length ratio, dimensionless;

(0.100 < D/L <0.292)
MC = Moisture content , %; (10 <MC <20)

Misr J. Ag. Eng., July 2008 893



as, bz & ks = Empirical constants.
a3 =-94.268, by;=-0.222, k3;=381.42, R>=0.68

Also, the effect of die diameter/ length ratio "D/L" and moisture content
"MC" on the texturized soybean water absorption "WA" was highly
significant at 0.01 level of probability, i.e. the WA is highly affected by
these two studied factors.
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Fig. (6): Effect of the tested treatments on the water absorption of
the texturized soybean

5- The aggregate sizes of texturized soybean

The distributions of the aggregate sizes for all the tested treatments and
that for the imported and the locally produced texturized soybean are
shown in table (4).

Table (4) shows that all the tested treatments at 1.5% fat content have
higher percentages for the accepted aggregates "more than or equal to
2mm" (> 2mm) compared with those of the imported one, while only five
treatments at 7% fat content have higher percentage than those of the
imported one, which were treatments F;, H;, L;, K; and E;.
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D/L
ratio

Treatment
symbol

MC
%

<9.5-3.35
mm

<3.35-2.0
mm

Mean
diameter,

mm

1.5%

1.5%

7%

1.5%

0.100
0.100
0.100

10
15
20

33.1
34.2
32.8

40.9
40.6
49.3

46.4
46.6
43.1

44.1
45.9
38.1

4.0
4.1
4.3

4.4
4.5
4.8

0.138
0.138
0.138

10
15
20

30.6
31.2
32.7

35.6
40.5
45.1

50.4
52.7
49.1

52.0
45.6
41.5

39
3.8
4.2

4.2
4.5
4.6

0.171
0.171
0.171

10
15
20

30.6
28.4
33.3

35.2
38.4
41.6

53.1
57.2
50.9

52.8
47.1
46.7

3.7
3.7
3.8

42
4.4
4.5

0.208
0.208
0.208

10
15
20

289
30.5
29.7

34.5
344
39.6

52.0
55.5
55.7

56.5
57.5
52.8

3.6
3.7
3.7

4.1
4.2
4.3

0.292
0.292
0.292

CzEIC A= QEE glO= >

10
15
20

30.6
30.8
32.6

34.9
36.4
35.1

52.4
522
50.8

543
55.4
55.9

3.7
3.7
3.7

4.0
4.1
4.1

Imported

36.6

48.2

Locally produced
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For the unacceptable sizes less than 2 mm, all the tested treatments at
1.5% fat content have less percentage than that of the imported one,
while only five treatments at the 7% fat content had less values than that
of the imported one, treatments E;, K;, L;, H; and F;.

Table (4) also shows that all of the tested treatments at 1.5% fat content
have higher value for the mean diameters of the aggregates compared
with that of the imported one, while only five treatments at the 7% fat
content have bigger values, which were treatments Cy, F;, By, A; and D;.

CONCLUSION

From this investigation, the following conclusion can be made:

1. The protein of the locally produced texturized soybean was less
than that of the imported one by 20.4%.

2. According to the pH values, the C, treatment (die diameter/
length ratio = 0.100) is the best treatment at 1.5% fat content and
20% moisture content.

3. According to the bulk density values, the F, (die diameter/ length
ratio = 0.138) and C, treatments at 1.5% fat content and 20%
moisture content were the best treatments.

4. According to the hardness values, the C, treatment was the best
treatments.

5. According to the water absorption values, the C, treatment was
the best treatments.

6. For the unacceptable sizes less than 2 mm, all the tested
treatments at 1.5% fat content have less percentage than that of
the imported one.

The best tested treatments had a D/L ratio ranged between 0.100 and
0.138, die diameter ranging between 2 and 3 mm, MC of 20% and fat
content 1.5%.
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