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Figure 1-Hydroulic press apparetuse with die used
for compressed tablet production (1-pressure
control, 2-hydroulic jack, 3- tablet die, 4-chassis, 5-
hydroulic power pack)
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Table 1- Independent process variables and its

values

Code and levels

Input variables Parameter 1 1
Product teé:ngperature X4 25 45 65

Moisture content
(%) X 30 40 50
Relaxation time (s) X3 5 10 15
Die diameter X4 6 8 10
(mm)
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Table 2- Different experiments of tablet making based on central composit design using response surface method

Experiment Input variable values
number Die diameter Relaxation time Moisture content Product temperature
(mm) ©) (%) (%)
1 6(-1) 5(-1) 50(+1) 25(-1)
2 10(+1) 5(-1) 30(-1) 25(-1)
3 8(0) 15(+1) 50(+1) 45(0)
4 6(-1) 15(+1) 30(-1) 65(+1)
5 10(+1) 15(+1) 50(+1) 25(-1)
6 8(0) 15(+1) 40(0) 45(0)
7 6(-1) 15(+1) 30(-1) 25(-1)
8 8(0) 10(0) 40(0) 25(-1)
9 10(+1) 15(+1) 50(+1) 65(+1)
10 8(0) 10(0) 40(0) 45(0)
11 10(+1) 5(-1) 50(+1) 25(-1)
12 6(-1) 15(+1) 50(+1) 65(+1)
13 6(-1) 5(-1) 30(-1) 65(+1)
14 10(+1) 5(-1) 30(-1) 65(+1)
15 10(+1) 15(+1) 30(-1) 65(+1)
16 10(+1) 5(-1) 50(+1) 65(+1)
17 8(0) 5(-1) 40(0) 45(0)
18 8(0) 10(0) 30(-1) 45(0)
19 6(-1) 10(0) 40(0) 45(0)
20 10(+1) 15(+1) 30(-1) 25(-1)
21 8(0) 10(0) 40(0) 45(0)
22 8(0) 10(0) 40(0) 45(0)
23 6(-1) 5(-1) 50(+1) 65(+1)
24 8(0) 10(0) 40(0) 45(0)
25 8(0) 10(0) 40(0) 45(0)
26 6(-1) 5(-1) 30(-1) 25(-1)
27 8(0) 10(0) 40(0) 65(+1)
28 8(0) 10(0) 40(0) 45(0)
29 8(0) 10(0) 40(0) 45(0)
30 6(-1) 15(+1) 50(+1) 25(-1)
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Table 3- Results of variance analysis for particle density of soybean tablet

Sources Mean squar Sum of squar F -Value p-value
Model 2.833x107 3.966x106 20.87 <0.0001**

Product temperature (A) 4.288x108 4.288x108 3.16 0.0958

Relaxation time (B) 9.585%10° 9.585x10°° 0.73 0.4075

Moisture content (C) 2.116x108 2.116x108 1.56 0.2309
Die diameter (D) 2.930x10® 2.930x10® 215.86 <0.0001%**

AxB 9.008x108 9.008x10® 6.64 0.0211*

AxC 2.104x108 2.104x108 1.55 0.2322

AxD 4.088x108 4.088x108 3.01 0.1031

BxC 8.367x10° 8.367x10° 0.62 0.4446

BxD 5.213x108 5.213x108 3.84 0.0689

CxD 1.619x107 1.619x107 11.93 0.0035*

A? 1.439x10°° 1.439x10°° 0.11 0.7492

B2 1.518x101%0 1.518x1010 0.011 0.9172

C? 1.619x10”7 3.829x10° 0.28 0.6031
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D? 1.439x10° 2.343x107 17.26 0.0008**
Lake of fit 1.518x1010 2.033x107 358.18 0.103
Residual 3.829x10°° 2.833x1010
Total 4.169x10°
** Significante difference at 1%, * Significante difference at 5%
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Figure 2-Interaction effect of differnt variables on particle dencity of producted tablets from soybean powder

(RT is relaxation time (s), MC is moisture content (%w.b.), D is die diameter (mm) and T is temperature of input
raw material (°C)
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Table 4- Results of variance analysis for compressive strength of soybean tablet

Sources Mean squar Sum of squar F -Value p-value
Model 1.115x107 1.560%x10® 7.68 0.0002**
Product temperature (A) 5.884x107 5.844x107 40.53 <0.0001**
Relaxation time (B) 6.906x10°° 6.906x10°° 0.48 0.5009
Moisture content (C) 9.693x108 9.693x108 6.68 0.0208*
Die diameter (D) 9.690x10°° 9.690x10°° 0.67 0.4267
AxB 2.490x108 2.490x108 1.71 0.2101
AxC 3.389x10° 3.389x10° 0.23 0.6360
AxD 4.256%107 4.256%107 29.31 <0.0001**
BxC 3.711x108 3.711x108 2.56 0.1307
BxD 2.737x107 9.642x10° 0.66 0.4279
CxD 5.064x108 2.737x107 18.85 0.0006**
A? 9.053x1010 5.064x108 3.49 0.0815
B2 5.934x1010 9.053x1010 0.062 0.8060
Cc? 4.607x10°8 5.934x1010 0.041 0.8425
D? 1.439%10° 4.607x10°8 3.17 0.0951
Lake of fit 2.163x108 2.163x107 73.49 0.112
Residual 2.943x1010 1.472x10°
Total 1.778x10°

** Significante difference at 1%, * Significante difference at 5%
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Figure 3-Interaction effect of differnt variables on compressive strength of producted tablets from soybean

powder (RT is relaxation time (s), MC is moisture content (%w.b.), D is die diameter (mm) and T is temperature
of input raw material (°C)
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Table 5- Results of variance analysis for shrinkage of soybean tablet

Sources Mean squar

Sum of squar F-Value  p-value

Model 1.056x1073

Product temperature (A)  6.625x10*
Relaxation time (B) 3.580x10*
Moisture content (C) 3.721x107

Die diameter (D) 1.846x1073
AxB 4.971x10°
AxC 1.556x10°
AxD 2.735x10°
BxC 4.731x10°3
BxD 3.488x102
CxD 2.409x103

A2 1.400x10°°

B2 1.294x10°%

C? 9.572x10*

D? 1.069%10*

Lake of fit 8.026x10°

Residual 2.605x10°
Total

0.015 16.97 0.0001**
6.625x10* 10.65 0.0052**
3.580x10* 5.76 0.0229*
3.721x107 0.0058 0.9394
1.846x10°3 29.67  <0.0001**
4.971x10° 0.80 0.3584
1.556x10° 0.25 0.6360
2.735x10° 0.44 0.5173
4.731x10°® 76.06  <0.0001**
3.488x107 56.06  <0.0001**
2.409%x1073 38.74  <0.0001**
1.400x10° 0.23 0.6420
1.294x10°5 0.21 0.6548
9.572x10* 15.39 0.0014**

1.069x10* 1.76 0.2044
8.026x10* 3.08 0.1130
1.303x10*

0.016

** Significante difference at 1%, * Significante difference at 5%
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Figure 5-Optimization results of tablet production process from soyabean powder using respons surface method

Answer Material Relaxation  Moisture Die Density ~ Compressive  Shrinkage Desirability
Temperature Time content diameter  (kg/m?®) strength ()
(°C) (s) (%ow.b.) (mm) (N)

1 42.03 5 50 10 4895.49 423.31 9.027 0.853
2 40.45 5 50 10 5094.19 431.64 8.98 0.853
3 43.26 5 50 10 4748.62 432.54 9.06 0.853
4 38.39 5 50 10 5360.07 430.28 8.92 0.853
5 37.98 5 50 10 5420.41 429.95 8.91 0.852
6 45.79 5 50 10 4457.15 432.59 9.15 0.851
7 43.03 5 50 9.9 4810.84 430.63 9.16 0.846
8 50.73 5 50 10 3946.83 430.16 9.33 0.847
9 29.81 5 50 10 6649.09 419.04 8.73 0.831
10 55.56 15 30 8.1 3078.13 418.24 15.72 0.683
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tablet production from soybean powder (MC is moisture content (%w.b.) and D is die diameter (mm)
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Introduction: Compressing materials during the tableting process is an appropriate solution to
increase the bulk density of agricultural materials and thus reduce their transportation and storage
costs. Other benefits of using compact tablets include reducing environmental contamination due to
the absence of fine particles and dust, increasing the nutritional value per unit volume due to
compression, and also facilitating the control of compacted nutrients to meet nutritional needs
(Kaliyan and Morey 2010). In order to improve the quality of the tablet, it is necessary to know the
optimum conditions and working points of the device, as well as to find the relationships between
the effective factors and the final product for the researchers, so optimizing the food processing
processes is one of the most important. One of the most important steps in increasing the efficiency
of the food industry. Numerous analytical and numerical methods are available for this purpose.
Nowadays, statistical methods are used for optimization such as Response Surface Methodology
(RSM). Response level methodology is a set of statistical techniques used to optimize the processes
in which the response is affected by a number of variables. The graphical representation of the
mathematical model has defined the word surface methodically. With the help of this statistical
design, the number of trials is reduced and all the coefficients of the quadratic regression model and
the interactions of the factors can be estimated. In general, the models developed in response
surface methodology are generally quadratic (Lee et al., 2007). Increasing the speed of operation
and increasing accuracy in achieving the desired goal are some of the criteria that are considered as
an optimization method for quality evaluation (Asefi et al., 2015; Wani et al., 2017). Finding the
best pelletizing conditions for agro-materials is of particular importance in order to achieve the
highest quality pellets including the lowest wrinkles and the highest compressive strength.
Therefore, it is necessary to find the optimum conditions for the variables of the tableting process
such as moisture content, temperature of the feedstock, and mold size. Soy is used in the
preparation of a variety of sauces, syrups, meat substitutes and ready-made foods (Dasilva et al.,
2012). So far, no research has been done to optimize the pellet production from soy powder. The
purpose of this study was to investigate the effects of independent variables of moisture content, die
diameter, inlet temperature and stress relaxation time on the mechanical and physical properties of
soybean powder and tablet formulations in order to determin the optimum conditions for achieving
the highest density and compressive strength and the lowest amount of shrinkage of the tablet.

Material and methods: In this research, soybean powder was used for tabletting experiments.
Soybean dough prepared and used in a laboratory scale hydraulic press machine with a closed die to
produce cylindrical tablets. When the hydraulic pressure reached 75 bar, the movement of the


mailto:amirireza@basu.ac.ir

1\ Gosly o by, 3l o2l b Lgus 03,28 (08 ) ] 5 (5ldie

hydraulic jack was stopped, and the materials were kept in the closed die for the specified time
(three levels of 5, 10 and 15 s) to reduce stress and prevent spring compression. At the end of the
compressive relaxation process, the pressure of the jack was removed from the material and the
tablet formed was removed from the bottom of the mold. The effect of the tabletting process on
particle density, compressive strength and shrinkage of soybean tablet was studied. The experiments
were carried out using soybean powder at feedstock moisture content of 30, 40 and 50% w.b.,
feedstock temperature 25, 45 and 60 °C, relaxation time of 5, 10 and 15 s, and die diameter of 6, 8
and 10 mm. To measure the compressive strength of the tablets made from soybean powder, the
Hounsfield Model K-S H50, was used for compressive strength testing. The test method was that a
number of cylindrical compact tablets (in diameter) were positioned between the two fixed and
removable flat jaws. The jaw was then moved downward at a constant velocity of 1 mm/s,
compressing the cylindrical shape along the diameter until it was removed and fractured, and the
amount of force and displacement in the memory of a data logger at a sampling rate of 1000 data
points. Finally, the maximum recorded force for breaking the tablet was considered as compressive
strength. To measure the particle density of the tablets, a number of tablets were inserted into the
graduated cylinders containing a volume of 50 ml (readable to 0.5 ml) of toluene. The volume of
each cylinder was measured and recorded according to the volume changes of the cylinder. To
measure product shrinkage, the height and diameter of a cylindrical compact tablet were measured
in three different directions once before the drying process and once at the end of the drying process
by a digital caliper. Then the average geometric diameter of the tablet was calculated from the
related equation. The response surface method (RSM) with central composite design and six
replications for central point was also used to analyze the data and optimize the process.

Results and disscussion: The result showed that the highest particle density was 3714.32 kg/mm?3
under conditions of the feedstock moisture content of 50% w.b., feedstock temperature of 25 °C,
relaxation time of 5 s, and the die diameter of 10 mm. During the tabletting prosses, the highest
compressive strength (518.18 N) was obtained at the feedstock moisture content of 50% w.b.,
feedstock temperature of 65 °C, relaxation time of 5 s, and the die diameter of 6 mm. The highest
shrinkage of soybean powder (57%) was obtained at the feedstock moisture content of 50% w.b.,
feedstock temperature of 65 °C, relaxation time of 15 s, and the die diameter of 6 mm. The best
optimization results for tabletting conditions for soybean powder was under feedstock moisture
content of 50% w.b., feedstock temperature of 42.03 °C, relaxation time of 5 s and die diameter of
10 mm. The predicted values of particle density, compressive strength and shrinkage at the
optimized conditions were 4895.49 kg/mm?, 433.17 N and 9.03% with a desirability of 0.853,
respectively. By increasing simultaneously, the temperature of the feedstock to the die from 30 to
45 ° C and decreasing the stress relaxation time from 15 to 5 s, the desirability index increased.
Stress relaxation time had the most effect on this index.

Conclusion: In this study, the effect of moisture content of raw materials, temperature of
feedstock, die diameter and stress relaxation time on particle density, compressive strength and
shrinkage of soybean tablets were studied. Also, the optimum conditions of the tableting process
were determined by using the response surface method to obtain the best physical and mechanical
properties. Under optimum conditions of the tableting process, a particle density of 4895.49 kg /
mm?3, compressive strength of 432.31 N and shrinkage of 9.03% were obtained. These compact soy
tablets can be used in all cases where powdered or dried soy is used.
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