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11. Structure
12. Lead screw
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. Puncture

. Extrusion—compression

. Shear—cutting

. Compression

. Tensile

. Torsion

. Fracture and bending

. Deformation

. Instron universal testing machine
0. Texture analyzer
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TECHNICAL SPECIFICATIONS
TRA.Uno

Foree Capability 5.0kg.f (50K]

Force Resolution 1.0g

Leadcels 5. Okgf

Specd Range 0.1 - 10.0 mimys

Spead Accuracy Batter than 0.1%

Extendad Range Setting 1 - 345mim

Raige Resolution D002

Mat \Welght 17.5kg

DHmensians S00WITONESSMIm

Leadced Accuracy 0.05% of reading

Fig 1 View of the designed structure
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Fig 2 Graphical schema of system components connection
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Fig 3 The structure design (a) and controller and
driver circuit (b)
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13. Load cell
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Fig 5 Experimental result in C# software version
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Fig4 Experimental result of biscuit contain
resistant starch
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Fig 6 Peltier cooler kit and humidity generator
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14. Peltier Plate Module or thermoelectric Cooler Peltier
15. Heat sink
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Table 1 Quantity (g/100 g formulation) of ingredients used in biscuit formulations (C: Biscuit control
sample; CRS: Biscuits made using corn resistant starch as wheat-flour replacer; WRS: Biscuits made
using wheat resistant starch as wheat-flour replacer; number indicates the percentage of wheat-flour

replacement)
Ingredients C WRS2 WRS4 WRS6 WRSS
Wheat flour 50 4;\0 3nO 2n0 1n0
Corn resistant starch - - - - -
Wheat resistant starch - 10 20 30 40
Water 15 15 15 15 15
Sugar powder 17 17 17 17 17
Confectionary fat 17 17 17 17 17
Milk powder 1.35 1.35 1.35 1.35 1.35
Vanilla essence 2 2 2 2 2
Sodium chloride 0.5 0.5 0.5 0.5 0.5
Sodium bicarbonate 0.2 0.2 0.2 0.2 0.2
Ammonium bicarbonate  0.05 0.05 0.05 0.05 0.05
Lecithin 1 1 1 1 1
Egg powder 0.9 0.9 0.9 0.9 0.9
Biscuit improver 10 10 10 10 10
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16. Triple point bending test
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Table 2 Water activity of H,SO, in various temperature

o Density (25 Water activity (ay)
H:50, (%) °C; g/em’) 5°C 10 °C 20 °C 25 °C 30 °C 40 °C 50 °C
5 1.0300 0.9803 0.9804 0.9806 0.9807 0.9808 0.9811 0.9
10 1.0640 0.9554 0.9555 0.9558 0.9560 0.9562 0.9565 0.9
15 1.0994 0.9224 0.9230 0.9237 0.9241 0.7245 0.9253 0.9
20 1.1365 0.8771 0.8779 0.8996 0.8805 0.8814 0.8831 0.8
25 1.1750 0.8165 0.8183 0.8218 0.8235 0.8252 0.8285 0.8
30 1.2150 0.7396 0.7429 0.7491 0.7521 0.7649 0.7604 0.7
35 1.2563 0.6464 0.6514 0.6607 0.6651 0.6693 0.6773 0.6
40 1.2991 0.5417 0.5480 0.5599 0.5656 0.5711 0.5816 0.5
45 1.3437 0.4319 0.4389 0.4524 0.4589 0.4653 0.4775 0.4
50 1.3911 0.3238 0.3307 0.3442 0.3509 0.3574 0.3702 0.3
55 1.4412 0.2255 0.2317 0.2440 0.2502 0.2563 0.2685 0.2
60 1.4940 0.1420 0.1471 0.1573 0.1625 0.1677 0.1781 0.1
65 1.0300 0.9803 0.9804 0.9806 0.9807 0.9808 0.9811 0.9
70 1.0640 0.9554 0.9555 0.9558 0.9560 0.9562 0.9565 0.9
75 1.0994 0.9224 0.9230 0.9237 0.9241 0.7245 0.9253 0.9
80 1.1365 0.8771 0.8779 0.8996 0.8805 0.8814 0.8831 0.8
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17. TA-XT2i, Texture Analyzer, Stable Microsystems, England
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Table 3 Textural properties of biscuits containing RS was calculated by texture analyzer commercial

(C) and designed (D)
WRS0 (control) WRS20 WRS40 WRS60 WRS80

Hardness_ aA 1176.23 + aC aD aF

C N 1263.00 £ 31.22 12,20 1058.09 £ 10.54 963.14 +21.12 669.50 + 8.16
Hardness_ aA 1144.36 + aC aD aF

DN 1257.18 +£34.17 15.72%® 1023.19 £ 17.06 988.58 +13.82 640.26 + 6.29

Sample 1 contain no resistant starch (RS), sample 2: RS 20%, sample 3: RS 40%, sample 4: RS 60%, sample 5:
RS 80%.

Values are the average of triplicates =SD. Different lower case letters in each column and capital letters in each
raw indicate significant
statistical difference (p <.05).

Table 4 Effect of different levels RH 43.2% and 64.4% on textural properties of biscuits containing
RS at5°C

‘WRSO0 (control) WRS20 WRS40 WRS60 WRSS80

RH (%) 432+18 62.1+£23 441+15 633 +£1.7 436+18 647 +24 438+13 63.1 £20 438+13 624 £23

Ha"};‘;ss—c 135054 962448 1118431 820427  964+48 73431 750442 562441 418429 28631

Sample 1 contain no resistant starch (RS), sample 2: RS 20%, sample 3: RS 40%, sample 4: RS 60%, sample
5: RS 80%.
Values are the average of triplicates =SD. Different lower case letters in each column indicate significant
statistical difference (p <.05).

Table 5 Effect of different levels RH 45.8% and 66.5% on textural properties of biscuits containing
RS at25°C
WRSO0 (control) WRS20 WRS40 WRS60 WRS80

RH (%) 451+18 649 £23 462+15 658 £1.7 446+18 667 £24 458+13 654 +£20 46.1+13 659 £23

Ha"};‘;ss—c 1248+46  913+37 1002+26 787+32  893+39  661+42 71137 47935 34629 10122

Sample 1 contain no resistant starch (RS), sample 2: RS 20%, sample 3: RS 40%, sample 4: RS 60%, sample
5: RS 80%.
Values are the average of triplicates =SD. Different lower case letters in each column indicate significant
statistical difference (p <0.05).

Table 6 Effect of different levels RH 40 % and 60%on on textural properties of biscuits containing
RS at 50 °C
‘WRSO0 (control) WRS20 WRS40 WRS60 WRS80

RH (%) 40.6+18 609 £23 392+15 613 1.7 41.6+18 61.7+24 408+13 604 20 41.1+13 609 £23

Ha":;‘;ss—c 1428453  1023+52  1204+43  910+35 1011+37 845+39 80529  639+33 56846 315424

Sample 1 contain no resistant starch (RS), sample 2: RS 20%, sample 3: RS 40%, sample 4: RS 60%, sample
5: RS 80%.
Values are the average of triplicates =SD. Different lower case letters in each column indicate significant
statistical difference (p <0.05).
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Texture analyzer is one of the important tools for analyzing and evaluating texture properties
including hardness, softness, extensibility, tightness, fragility, adhesiveness, adhesion, compressibility,
flexibility, shearability, elasticity, gel strength and springiness In this research, a texture analyzer was
designed which, based on software and data processing ideas, while increasing the accuracy of
performance and measurements, it provided calibration capabilities to make the output data close to
real data . The main features of the texture analyzer are the ability to carry out the test in controlled
temperature and humidity to analyze the texture parameters in order to reduce error in regions with
different temperature and humidity. The results of the tests show that by carefully calibrating the
calibration process and designing the calibration filter, the accuracy of the analyzer's performance is
improved to 0.05% of the read value. Also, using the micro-stapling algorithm and the use of the
screw mechanism, the movement of the jaw is precisely less than 0.005 mm and the speed of 0.1
millimeter per second is controllable. All of these features, along with the USB connection with any
personal computer, will be able to communicate directly with the EXCEL program, and save and
simplify data analysis under the EXCEL program. The results of the tests show that there is no
statistically significant difference between the relative humidity of the texture analyzer and the
relative humidity for each sample (p <0.05). Texture hardness of different samples of biscuits
containing resistant starch was evaluated by commercial (C) and designed (D) instrument and there
was no significant difference between the hardness of the texture obtained from both devices.

Key words: Texture analyzer, Structure design, Temperature and humidity control, Calibration
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