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Abstract

In this study, effects of ohmic pretreatment on the drying rates and color
kinetics of apple were investigated. Apple slices were treated at different
electric field strengths (20-30 and 40 V/em) at 60°C for 1 min. Drying
process was applied at 60°C-2 m/s by using a tray-dryer. AE and moisture
content were calculated. These values were fitted to the semi-theoretical thin-
layer drying and the zero and first-order kinetic model. The shortest drying
time was found samples treated with 30 V/cm. Wang&Singh model gave the
superior fit to the experimental data. AE fitted well to the zero-order kinetic
model.
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1. Introduction

The main purpose of drying is to reduce the water activity in order to extend the shelf life.
The dried product has the lowest microbiologic deterioration and enzyme activity.[1]
Besides, quality attributes like aroma and the nutritional value are protected by reducing the
moisture. The other purpose of the drying process is to provide convenience for
transportation and storage via reducing the volume of product.[2] The drying process is
generally applied to fruits and vegetables.

The apple which belongs to Rosaceae, the rose family, is a mild season fruit. Apple which
has rich antioxidant components, carbohydrates, essential minerals and dietary fiber has a
great importance in terms of taste and nutritional value [3]. North Anatolia, Black Sea shore
region, Central Anatolia, and East Anatolia plateau are the fields in Turkey which are
suitable for apple cultivation. In our country, mainly Starking, Golden Delicious, Star
Crimson and Granny Smith are cultivated among 30 strains of apples from all over the
world.[4]

Pretreatment of foods before drying takes place to reduce the drying time and also increase
the quality of the product. There are different types of pretreatment such as hot-water
blanching, osmotic dehydration, ultrasonication. Ohmic heating is one of the newest
alternative pretreatment methods.[5-7] With ohmic process, the alternative electric current
is passed through the food. The process is also called thermal processing method.[8]

Thin layer drying is the drying of food samples by layer. Thin layer drying has been taken
part in several studies in recent years. The reason is the convenience of application and less
data requirement.[9]

The main purpose of this study is to pretreat the apple samples (Golden Delicious variety)
with ohmic heating and to dry using tray dryer. The samples were pretreated at different
electric field strengths (20, 30, 40 V/cm) at 60°C for 1 minute. After the pretreatment
process, the samples were dried by a tray dryer at 2 m/s air velocity at 60°C. Moisture ratio
and changes in color were recorded. These values were fitted to the semi-theoretical thin-
layer drying and the zero and first-order kinetic models.

2. Material and Methods
2.1. Material

Apples used in this study were bought from local market in Ankara, Turkey. They were
peeled and cut into slices with dimensions of 15x15x5 mm. The initial moisture content of
the fresh apple samples was 85*1% (wb) and it was measured by infrared moisture
analyzer (MA150, Sartorius, Germany) at 105°C.
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2.2. Methods
2.2.1. Ohmic Heating Pre-Treatment

Ohmic heating pretreatment was performed using (CLOH-1000, CLS, Turkey), specially
designed and manufactured by Caliskan company. 90 mL of water was added to the 20 g of
apple sample. Afterwards, apple slices were exposed to different electric field strengths (20,
30 and 40 V/cm) at 60°C for 1 min. Samples were filtered and weighed at the and of the
process. All experiments were done in duplicates.

2.2.2. Hot-air Drying

Hot-air drying was performed in a tray dryer (Eksis, TK-LAB, Turkey). Samples dried
without pretreatment was used as a control. The control samples were treated with air at
60°C and velocity of 2 m/s. For the main drying process, the ohmic pretreated samples were
dried at 60°C and with an air velocity of 2 m/s. The weight of samples was recorded at 5
min intervals and drying was continued until no further variation in their weight were
observed. The dried samples were cooled in desiccators and vacuum packed in heat-sealed
low-density polyethylene bags.

2.2.3. Thin Layer Modelling

To define drying kinetics of apple samples, dimensionless moisture ratio (MR) values were
calculated. MR were determined from moisture content data (kg water/kg db) obtained
during drying by using equation 1:

MR M £ M g
My— M, 1)

where, M, My and M. are the moisture content at time t, the initial moisture content and the
equilibrium moisture content of the sample (kg water/kg db), respectively.

Four different thin layer drying models (Table 1) were applied to drying curves. Sigma plot
was used to predict model parameters. The model with the lowest Root Mean Square Error
(RMSE) and the chi-square (%?) was defined as the best model describing the thin layer
drying behavior of apple.[10] The parameters were calculated using equation 2 and 3.
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where MRy and MRy are the experimental and predicted moisture ratios of data i,
respectively. N is the number of experimental data points and n is the number of constants
in the model.

Table 1. Thin layer models equations

Model Model Name References
MR=exp(-kt") Page [11]
MR=aexp(-kt) Henderson and Pabis  [12]
MR= aexp(-kt)+c Logarithmic [13]
MR=]+at+bt’ Wang & Singh [14]

2.2.4. Color Values and Color Kinetics

The color values of dried and fresh apple samples were measured by using Minolta Color
Reader (CR-400, Japan) and expressed as the CIE L*, a*, and b* color scale. The average
of ten different readings from the same region was reported.

Total color differences were calculated using equation 4:

AE = (Fg— L M+ (a'g—a" ¥ + (b%g — b (4)

where L"), a", b"y are the initial color measurements of raw apple samples and L", a*, b";
are the color measurements at specified time. AE values are applied to zero (equation 5) and
first order (equation 6) kinetic models:[15]

C=C|:[j:gﬂt (5)

C = Cpexp(tkt) (6)

where Co is the initial value of color, C is the color value at a specified time, k is the kinetic
rate constant and t is time.

3. Results and Discussions

The effect of electric field strengths on drying time was depicted in Fig. 1. The results
showed that the samples treated with 30 V/cm electric field strength was found to have the
shortest drying time. Compared to control group, ohmic heating pretreatment have
decreased the drying time by 24, 35 and 29% for the samples treated with 20, 30 and 40
V/em electrical field strengths, respectively. It was also observed that moisture ratio
decreased continuously with drying time.
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Fig. 1. Effect of electric field strenghts on drying time

The moisture ratio data were fitted to four different thin layer drying models (Table 1).
RMSE (Root Mean Square Error), %2 (chi-square) and R? (coefficient of determination)
values were used to compare the relative goodness of fit of experimental data. The results
showed that Wang & Singh model gave the superior fit to the experimental data compared
to other models (Table 2). Similar model results were found in the other papers with
different drying methods.[16-20]

Table 2. Statistical parameters and coefficients of models at different electrical field strengths for
Wang & Singh model

Process Conditions RMSE w’ R? a b
Control 0.010166735 0.000116283 0.9978 -0.005576 -0.0000773
20 V/em 0.010646449 0.000132238 0.9983 -0.001900 -0.0002048
30 V/iem 0.001837387 0.000004051 0.9987 -0.006242 -0.0002164
40 V/ecm 0.002985566 0.000010534 0.9998 -0.006250 -0.0001698

Final color values and color kinetics of ohmic pretreated dried apples were determined in
the study. The color differences (AE) were calculated by using the measurable color values
(L*, a* and b*) at different electrical field strengths. The AE values were fitted to zero and
first order kinetic models (Fig. 2 and 3). The results showed that the AE values were fitted

well to the zero-order kinetic model. Similar results can also be found in the literature.[21-
25]
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Fig. 2. Zero order kinetic model
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Fig. 3. First order kinetic model
Table 3. Zero and first order kinetic model parameters
Process Conditions Model Co k R?
Control C=Cotkt 6.304804 0.0490 0.8754
C=Co exp(—kt) 1.841312 0.0057 0.8868
20 V/em C=Co+kt 0.750296 0.1643 0.9791
C=Co exp(—kt) -0.287290 0.0392 0.8602
30 V/em C=Cotkt 1.903552 0.1717 0.9710
C=Co exp(—kt) 0.643721 0.0335 0.9291
40 V/em C=Cotkt 2.194434 0.1158 0.9682
C=Co exp(—kt) 0.785924 0.0263 0.9209

@@@@ 215" INTERNATIONAL DRYING SYMPOSIUM
BY NC_ND EDITORIAL UNIVERSITAT POLITECNICA DE VALENCIA

1492



Kutlu, N.; Yilmaz, M. S.; Arslan, H.; Isci, A.; Sakiyan, O.

4. Conclusions

Ohmic heating is an emerging thermal process technology. Ohmic heating can be used
successfully as a pretreatment method in the drying process of food materials. As a
conclusion in this study, the samples treated with 30 V/cm electric field strength was found
to have the shortest drying time. Compared to control group, ohmic heating treatments have
decreased the drying time by 24, 35 and 29% for the samples treated with 20, 30 and 40
V/em electrical field strengths, respectively. Wang & Singh models gave the superior fit to
the experimental data compared to other models. In addition, the color values fitted well to
the zero-order kinetic model.

5. Nomenclature

wb Wet basis
db Dry basis
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