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Introduction

Due to the importance of product appearance quality in product grading and the impact of factors such as area,
uniformity, and various defects on the product quality, and also, the ability to recognize these features at a very low cost,
image processing techniques, is one of the methods used to evaluate food quality. Therefore, in this study, a non-
destructive image processing method was used to investigate the factors affecting the color and shrinkage of apple slices
during drying.

Materials and Methods

Golden delicious apples were used in this research. The central part of the apple (including the rivet, seeds, and tail)
was removed by a kernel separator and sliced into 3, 5, and 7mm thickness and approximately 7 mm diameter slices using
a hand slicer without separating the skin. Three temperatures of 60, 70, and 80 °C were used to dry the samples. To
determine the moisture content of a sliced apple, the samples were first weighed on a digital scale, then placed in a dryer,
and the experiment was continued until the samples reached equilibrium mass. Due to the high importance of moisture
ratio in controlling the drying process, moisture rate (MR) and moisture content (MC) were calculated, and samples were
taken to investigate the amount of surface shrinkage, general color changes and browning index. After extracting L*, a*,
and b* values, total color changes and browning index (to show the intensity of brown color in the product) for all samples
before and after drying were calculated and evaluated to describe color changes after drying.

Results and Discussion

The drying kinetics results showed that the drying process significantly depends on the thickness of the samples.
According to drying curves, at the early stages of drying, the decrease in humidity occurs more severely and the graph
has a steeper slope, but as the process continues and the moisture content of the product decreases, the slope of the curve
decreases. In the early stages of drying, due to the presence of water inside the fresh fruit cells, there is a pressure balance
between the fruit and the surrounding environment, which causes the fruit to remain swollen. However, as the drying time
progressed, contractile stresses are created, which cause superficial shrinkage. In this study, it was observed that
increasing the thickness from 3mm to 7mm, reduced the final shrinkage on the surface of apple slices by 11% at 60 °C,
12% at 70 °C, and 13% at 80 °C. After moisture leaves the surface of the product and heat penetrates into the product,
moisture begins to leave the product by conducting interstitial convection. When moisture moves to the surface, the
mechanical balance and consequently the textural structure of the sample is disturbed due to the creation of different
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spaces in thickness. According to the results, increasing drying time and thus decreasing the moisture content, increases
the percentage of apple shrinkage. On the other hand, at a certain thickness, with increasing temperature, the percentage
of shrinkage changes in the thickness of the product decreases. Therefore, at thicknesses of 3, 5, and 7 mm, the increase
in temperature from 60°C to 80°C, decreased the amount of shrinkage thickness by 16, 12, and 8%, respectively. Itis in
higher thicknesses that react with heat and change the color of the fruit due to the Maillard reaction. After complete drying
of apple samples, the highest amount of color change was related to the thickness of 7 mm and a temperature of 80°C,
which was equal to 1.254. Also, the lowest rate of discoloration of apple slices in a thickness of 3 mm and a temperature
of 60 °C was 0.889. The browning index (Bi) in the high thickness of apple slices is less affected by the process
temperature due to the increase in moisture level. For this reason, the rate of browning was very low among the
experimental samples and the highest rate of browning was related to the thickness of 7 mm and the temperature of 80 °C
was 585/2559. Also, the lowest rate of browning of apple slices was observed in the thickness of 3 mm and the temperature
of 60 °C was 584.254.

Conclusion

Finally, it was found that the thickness and temperature factors can have an effect on the quality of product during
drying process. The results of this study can provide a cheap and fast way to control the quality of fruits during drying
and help producers of these products select the main process factors that affect the final quality.
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Temp:Drature 2 0.209** 81.01* 664.634** 0.153634** 0.00001122"
Tf::ll::ss 2 0.393** 819.717** 930.416** 0.014543"™ 0.00000206"™
Caoles x Lod
Temperature x 4 0.014** 6.494" 41.526%* 0.097973%* 0.00000376™
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Eurari)r 45 0.003 11.636 1.881 0.007854 0.00000355
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Table 2- Test results comparing the average interaction of thickness and temperature on moisture content at 80min
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Temperature (°C) La 3 5 7
60 0.105¢ 0.258° 0.482%
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80 0.002¢ 0.025¢ 0.19°
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Fig. 3. The changes of surface shrinkage at three temperatures of 60, 70 and 80 °C (a, b and c) and three thicknesses of 3, 5
and 7 mm over drying time
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Fig. 4. The changes in thickness shrinkage at three thicknesses of 3, 5 and 7 mm (a, b and c) and three temperatures of 60, 70
and 80 °C during drying time
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Table 4— Test results comparing the average interaction of thickness and temperature on apple shrinkage

Thickness(mm) cwlsus

> 3 5 7
Temperature(°C)

60 64.959¢ 74.6942 75.0352

70 60.172f 69.176° 71.182b

80 48.2779 62.4229 67.812°
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Table 5- Test results comparing the average interaction of thickness and temperature on color change

Thickness (mm)
> 3 5 7
Temperature (°C)
60 0.889¢ 0.919% 1.087¢
70 0.912d¢ 0.922de 1.145°
80 0.93¢ 0.944 1.2542
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Fig. 5. Average color changes in terms of thickness and temperature
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Fig. 6. Average index of browning of apple slices in terms of thickness and temperature
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