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1. Introduction

Fruits have high nutritional value and are excellent sources 
of sugar, proteins, ascorbic acid, and minerals. Apples also 
are used therapeutically for different illnesses because they 
promote gastric secretion absorption, toxin elimination, 
and diuretic effects (Campeanu et al., 2009; Harsan et 
al., 2006). Apples are considered a good source of dietary 
minerals (Nour et al., 2010). Global trends show that 
marked increases in the consumption of refined foods, 
which are deficient in vitamins and minerals, can cause 
health problems (Ivey and Elmen, 1986). Polyphenols are 
phytochemicals with health-protective properties such as 
antioxidant, antimicrobial, and anticancer activities, and 
they have been shown to promote cardiovascular health 
(Bendini et al., 2006; Cetkoviv et al., 2008; Chu et al., 2000).

Dried fruits provide greater nutrition than many other 
processed foods, but different drying methods have 
different effects on fruit nutritional qualities. Microwave 
drying has several distinct advantages compared with 
conventional heat drying (Megahed, 2001; Rosenberg and 
Bogl, 1987), including speed of operation, energy savings, 
precise process control, and faster start-up and shut-down 
times (Decareau, 1992). The microwave heating effect 
on fruit nutrients depends on fruit tissue thickness and 
quality (Giese, 1992). The heating period during microwave 
drying is relatively short compared with oven drying, and 
moisture loss is greater during oven drying than during 
microwave drying (Bouraoui et al., 1994). Much of the 
moisture loss during microwave drying occurs during 
the second drying period. The moisture distribution in 
spherical fruits is determined during this second period 
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Fresh fruits can be preserved for later consumption using methods such as drying. However, fruit quality can 
significantly decline during processing. This study investigates the effects of microwave and oven processing on the 
preserved quality of dried apple. Heating experiments were performed at two different microwave output powers 
of 180 and 540 W. Moisture contents of ‘Starking’ and ‘Pink Lady’ apple samples dried in a microwave at 180 W 
were substantially lower than those of other apple cultivars and control groups. Total phenolic contents, 325.94 
mg/100 g (Pink Lady) to 475.63 mg/100 g (Starking), and antioxidant activity levels, 325.94 mg/100 g (Pink Lady) 
to 475.63 mg/100 g (Starking), of apples subjected to microwave heating at 540 W were higher than those in apples 
subjected to 180 W microwave heating and oven drying at 50 and 70 °C. The total phenolic contents of control 
apple cultivars ranged from 87.81 mg/100 g (Golden) to 136.25 mg/100 g (Pink Lady), whilst the total phenolic 
contents of apple cultivars dried in an oven at 70 °C ranged from 299.06 mg/100 g (Pink Lady) to 395.31 mg/100 
g (Starking). The antioxidant activity values of control apple cultivars ranged from 11.55 (Pink Lady) to 21.78% 
(Starking), whilst the antioxidant activity values of apple cultivars dried in a 70 °C oven ranged from 38.87 (Pink 
Lady) to 52.49% (Granny Smith).
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by experimental measurements of moisture profiles and 
computer simulations.

Dielectric heating with microwave energy has been used 
in commercial food product applications for drying fruits 
and vegetables. There is a renewed interest in exploring the 
unique characteristics of microwave heating for drying heat-
sensitive materials (Funebo and Ohlsson, 1998). In general, 
microwave drying meets the four major requirements for 
food drying: speed of operation, energy efficiency, cost 
savings, and quality of dried products (Gunasekaran, 1999). 
Several excellent reviews describe new drying technologies 
such as hybrid drying (Cohen and Yang, 1995; Nijhuis et 
al., 1998; Vega-Mercado et al., 2001; Zhang et al., 2003). 
Andrés et al. (2004) studied the drying kinetics of apple 
cylinders under combined hot-air microwave dehydration. 
They reported that higher microwave power reduces drying 
time more efficiently than higher air temperature. They 
developed an empirical model for fresh and impregnated 
apples to estimate the drying kinetic constants as a function 
of air temperature and microwave power. Microscopic 
examination of tissue characteristics indicate that process 
variables affect the drying kinetics and result in different 
macro- and microstructures of the final product. Therefore, 
the aim of the current study is to determine the effects of 
oven and microwave drying on total phenolic contents and 
antioxidant activity values in dried apple.

2. Materials and methods

Materials

Fresh apples (Malus spp.) were purchased from a shopping 
centre in Konya, Turkey, in October 2013. The following 
four cultivars were used for this study: Golden, Granny 
Smith, Pink Lady, and Starking. Fruits were transferred to 
the laboratory in cool bags and washed with clear distilled 
water (without peeling the skin). Apples were kept in a 
refrigerator (4 °C) until use.

Drying process

Apples were removed from the refrigerator, washed, peeled, 
sliced into 3-4 mm slices using a grater, and dried in an 
oven at 50 or 70 °C or in a microwave at 180 or 540 W. 
Approximately 50-60 g were sliced for each apple cultivar, 
and were immediately spread on stainless steel trays and 
transferred to the hot-air ovens, or were placed on the 
turntable in a microwave oven. Apple slices were dried for 
4 days at 50 °C, for 12 hours at 70 °C, for 1 hour at 180 W, 
or for 20 minutes at 540 W.

Extraction process

Dried samples were ground into powder with a grinder 
(Grinder KG49; Delonghi Appliances, Treviso, Italy). 
Methanol (15 ml) was added to 0.5 g of ground sample 
(Joshi et al., 2011). The resulting slurry was stirred for 16 
hours and centrifuged for 15 minutes at 4,000 rpm. The 
supernatant was removed from each sample and used for 
analyses of total phenolic content and antioxidant activity.

Determination of total phenolic content and antioxidant 
activity

Total phenolic content was determined using the Folin-
Ciocalteu reagent (Yoo et al., 2004). The free radical 
scavenging activity of the extract was determined using 
1,1-diphenyl-2-picrylhydrazyl (DPPH) (Lee et al., 1998). 
Total phenolic contents were calculated using a standard 
calibration curve prepared from gallic acid. Total phenolic 
content results are reported as gallic acid equivalents in mg 
per 100 g fruit. Antioxidant activity results are expressed 
as percentages.

Determination of fruit colour

Colour was measured in control and dried samples using 
a Konica Minolta colorimeter (Minolta CR-400 Chroma 
Meter; Konica Minolta, Inc., Osaka, Japan) and the three-
dimensional L*a*b* colour system, in which L* represents 
lightness and a* and b* represent the opposing primary 
colours. L* is the vertical coordinate, with values ranging 
from 0 (black) to 100 (white); a* is the horizontal coordinate, 
with values ranging from -80 (green) to +80 (red); and b* 
is the horizontal transect coordinate, with values ranging 
from -80 (blue) to +80 (yellow).

Statistical analyses

Average values were calculated by analysing the fruits in 
three independent experiments. Statistical significance 
of the results was determined by calculating analysis of 
variance (ANOVA) (Püskülcü and İkiz, 1989).

3. Results and discussion

The moisture content of dried apple cultivars differed 
among the cultivars and according to the drying method 
used. The lowest moisture content in dried fruit was 7.84% 
for ‘Pink Lady’ dried in a microwave at 540 W, whilst the 
highest moisture content was 9.89% for ‘Golden’ dried 
in an oven at 50 °C (Table 1). The moisture contents of 
‘Starking’ and ‘Pink Lady’ dried in a microwave at 180 W 
were substantially lower than those of other apple cultivars 
and control groups. The total moisture contents, phenolic 
contents, and antioxidant activity values of four different 
apple cultivars (Granny Smith, Golden, Starking and Pink 
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Lady) subjected to different heating processes are presented 
in Table 1. Total phenolic contents and antioxidant activity 
values of apple samples dried in an oven or in a microwave 
were higher than those in control groups. Total phenolic 
contents and antioxidant activity values of apple samples 
dried in a microwave at 180 or 540 W were higher than 
those of samples dried in an oven at 50 °C or 70 °C (Table 
1). Total phenolic contents and antioxidant activity values 
of samples dried in an oven were higher when the drying 
temperature increased from 50 to 70 °C (Table 1). A similar 
increase was observed for microwave drying when the 
power increased from 180 to 540 W (Table 1). The total 
phenolic contents varied among the samples as follows: for 
controls, 87.81 mg/100 g for ‘Golden’ to 136.25 mg/100 g 
for ‘Pink Lady’; for samples dried in a 70 °C oven, 299.06 
mg/100 g for ‘Pink Lady’ to 395.31 mg/100 g for ‘Starking’; 
for samples dried in a microwave at 180 W, 230.94 mg/100 g 
for ‘Pink Lady’ to 396.25 mg/100 g for ‘Starking’; for samples 
dried in a microwave at 540 W, 325.94 mg/100 g for ‘Pink 
Lady’ to 475.63 mg/100 g for ‘Starking’. The antioxidant 
activity values varied among the samples as follows: for 
controls, 11.55% for ‘Pink Lady’ to 21.78% for ‘Starking’; 
for samples dried in an oven at 70 °C, 38.87% for ‘Pink 
Lady’ to 52.49% for ‘Granny Smith’; for samples dried in a 
microwave at 180 W, 38.45% for ‘Pink Lady’ to 61.88% for 
‘Granny Smith’; for samples dried in a microwave at 540 
W, 49.61% for ‘Pink Lady’ to 78.81% for ‘Granny Smith’.

We measured the colour of control and dried apples and 
determined the L*, a*, and b* colour values. The results 
are presented in Table 2. For control samples, L* ranged 
from 75.50 to 77.89, a* ranged from -0.60 to -3.90, and b* 
ranged from 16.93 to 23.44 (Table 2). The greatest change 
in L* with respect to the control value was observed in 
‘Starking’ and ‘Golden’ after drying in an oven at 70 °C 
(Table 2). The least change in L* with respect to the control 
value was observed in ‘Granny Smith’, ‘Golden’, and ‘Pink 
Lady’ dried in a microwave at 180 W. The a* (redness) and 
b* (yellowness) values of all tested apple cultivars increased 
after drying by oven or microwave.

Table 1 shows that total phenolic content and antioxidant 
activity were relatively high in ‘Granny Smith’. This is likely 
due to the reduction in moisture content and corresponding 
increase in concentrates. Fresh fruits and vegetables are 
dried after harvesting to reduce waste and spoilage and to 
extend their shelf life. Drying is a relatively simple process, 
in which the moisture content is removed from fruit by 
causing evaporation. There are many drying techniques, 
which depend on the product properties and the desired 
drying time (Abou ElHana, 2008). Dried fruits are widely 
used as ingredients for many processed foods such as baked 
goods, confectionery products, ice cream, frozen desserts, 
and yogurt. Dried apples are a significant raw material for 
many food products (Mandala and Anagnostaras, 2006). 

Table 1. Total moisture content, phenolic content, and antioxidant activity in apple cultivars (mean ± standard deviation).

Process Cultivar Moisture (%) Antioxidant activity (%) Total phenolic content 
(mg/100 g)

Control samples Granny Smith 90.88±1.27 16.27±0.36 90.63±1.38
Golden 90.52±0.98 17.19±0.97 87.81±1.69
Starking 90.29±0.76 21.78±1.03 103.13±2.49
Pink Lady 85.99±0.49 11.55±0.38 136.25±3.29

Oven dried (50 °C) Granny Smith 8.55±1.72 34.45±0.56 260.31±3.78
Golden 9.89±1.18 18.11±0.63 175.00±2.57
Starking 8.29±1.21 35.30±1.47 277.50±2.89
Pink Lady 8.56±0.79 19.75±0.87 166.88±2.59

Oven dried (70 °C) Granny Smith 9.75±1.09 52.49±2.39 363.75±3.67
Golden 9.88±1.36 35.04±1.29 306.25±3.49
Starking 9.67±1.29 41.60±1.42 395.31±3.58
Pink Lady 8.69±0.87 32.87±0.98 299.06±4.89

Microwave dried (180 W) Granny Smith 8.04±1.28 61.88±2.48 352.19±4.57
Golden 9.67±1.32 38.52±1.59 254.06±2.29
Starking 8.58±1.43 57.09±2.78 396.25±3.95
Pink Lady 8.73±1.38 38.45±1.54 230.94±3.67

Microwave dried (540 W) Granny Smith 8.35±1.41 78.81±2.87 452.50±4.87
Golden 8.99±1.47 55.12±2.39 367.81±3.39
Starking 8.81±1.68 71.00±2.45 475.63±3.79
Pink Lady 7.84±1.56 49.61±1.39 325.94±3.68
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Some drying processes can cause undesirable changes in 
the final product quality (Maskan, 2000).

Mandala and Anagnostaras (2006) investigated the effects 
of different osmotic pretreatments on air-drying kinetics 
and physical characteristics of the final product in dried 
apple. Funebo and Ohlsson (1998) proposed that trade-offs 
between drying time and fruit quality had to be evaluated 
when using microwave-based drying methods. Observed 
differences between oven- and microwave-dried apple 
samples may be due to differences in temperature, locality 
parameters, harvest period, cultivar type, nutritional status 
of the tree, and other factors that can influence the drying 
process. It is generally accepted that the phytochemical 
content and quality of dried products declines during 
processing.

Acknowledgements

The authors extend their sincere appreciation to the 
Deanship of Scientific Research at King Saud University 
for funding our research group (No. RG-1435-049).

References

Abou ElHana, N.H., 2008. Microwave drying of apple. Misr Journal 
of Agriculture Engineering 25: 980-1003.

Andrés, A., Bilbao, C. and Fito, P., 2004. Drying kinetics of apple 
cylinders under combined hot air-microwave dehydration. Journal 
of Food Engineering 63: 71-78.

Bendini, A., Cerretani, L., Pizzolante, L., Toschi, T.G., Guzzo, F., 
Ceoldo, S., Marconi, A.M., Andreetta, F. and Levi, M., 2006. 
Phenol content related to antioxidant and antimicrobial activities 
of Passiflora spp. Extracts. European Food Research and Technology 
223: 102-109.

Bouraoui, M., Richard, P. and Durance, T., 1994. Microwave and 
convective drying of potato slices. Journal of Food Process 
Engineering 17: 353-363.

Campeanu, G., Neata, G. and Darjanschi, G., 2009. Chemical 
composition of the fruits of several apple cultivars growth as 
biological crop. Notulae Botanicae Horti Agrobotanici Cluj-Napoca 
37: 161-164.

Cetkovic, G., Canadanovic-Brunet, J., Djilas, S., Savatovic, S., Mandic, 
A. and Tumbas, V., 2008. Assessment of polyphenolic content and 
in vitro antiradical characteristics of apple pomace. Food Chemistry 
109: 340-347.

Chu, Y.H., Chang, C.L. and Hsu, H.F., 2000. Flavonoid content of 
several vegetables and their antioxidant activity. Journal of the 
Science and Food Agriculture 80: 561-566.

Cohen, J.S. and Yang, T.C.S., 1995. Progress in food dehydration. 
Trends in Food Science and Technology 6: 20-25.

Decareau, R.V., 1992. Microwave foods: new product development. 
Food and Nutrition Press, Trumbull, CT, USA.

Funebo, T. and Ohlsson, T., 1998. Microwave-assisted air dehydration 
of apple and mushroom. Journal of Food Engineering 38: 353-367.

Table 2. Colour values of apple cultivars.

Process Cultivar L* a* b*

Control samples Granny Smith 77.80 -3.90 16.93
Golden 77.89 -3.26 23.44
Starking 75.50 -1.79 23.16
Pink Lady 76.81 -0.60 22.52

Oven dried (50 °C) Granny Smith 70.72 8.48 29.66
Golden 70.57 8.20 28.98
Starking 60.85 12.53 32.56
Pink Lady 64.38 10.43 26.37

Oven dried (70 °C) Granny Smith 70.90 7.89 31.09
Golden 58.21 10.44 32.59
Starking 45.25 12.93 25.22
Pink Lady 67.10 10.43 30.53

Microwave dried (180 W) Granny Smith 73.18 4.90 35.54
Golden 76.29 3.84 39.08
Starking 64.44 12.07 39.18
Pink Lady 76.07 5.42 30.44

Microwave dried (540 W)z Granny Smith 66.37 7.21 29.24
Golden 67.13 6.02 35.04
Starking 63.84 7.62 33.22
Pink Lady 66.63 8.71 34.04



� Effects of drying methods on apple quality

Quality Assurance and Safety of Crops & Foods 8 (1)� 55

Giese, S., 1992. Advances in microwave food processing. Food 
Technology 46: 118-123.

Gunasekaran, S., 1999. Pulsed microwave-vacuum drying of food 
materials. Drying Technology 17: 395-412.

Harsan, E., Sestras, R., Somsai, P., Barbos, A. and Sestras, A., 2006. 
Research regarding the principal chemical component loss in the 
apple fruit during storage. Notulae Botany Horticulture Agrobotany 
Cluj-Napoca 34: 106-114.

Ivey, M. and Elmen, G., 1986. Nutritional supplement, mineral and 
vitamin production. In: Gilbertson, W.E. (ed.) The FDA’s OTC drug 
review, handbook of nonprescription drugs (8th Ed.). American 
Pharmaceutical Association, The National Professional Society of 
Pharmacists, Washington, DC, USA, p. 215.

Joshi, A.P.K., Rupasinghe, H.P.V. and Khanizadeh, S., 2011. Impact of 
drying processes on bioactive phenolics, vitamin C and antioxidant 
capacity of red-fleshed apple slices. Journal of Food Processing and 
Preservation 35: 453-457.

Lee, S.K., Mbwambo, Z.H., Chung, H.S., Luyengi, L., Games, E.J.C. 
and Mehta, R.G., 1998. Evaluation of the antioxidant potential of 
natural products. Combinational Chemistry High Throughput 
Screening 1: 35-46.

Mandala, I.G. and Anagnostaras, E.F.C.K., 2006. Influence of osmotic 
dehydration conditions on apple air-drying kinetics and their quality 
characteristics. Journal of Food Engineering 69: 307-316.

Maskan, M., 2000. Microwave/air and microwave finish drying of 
banana. Journal of Food Engineering 44: 71-78.

Megahed, M.G., 2001. Microwave roasting of peanuts: effects on oil 
characteristics and composition. Nahrung/Food 4: 255-257.

Nijhuis, H.H., Torringa, H.M., Muresan, S., Yuksel, D., Leguijt, C. and 
Kloek, W., 1998. Approaches to improving the quality of dried fruit 
and vegetables. Trends in Food Science and Technology 9: 13-20.

Nour, V., Trandafir, I. and Ionica, M.E., 2010. Compositional 
characteristics of fruits of several apple (Malus domestica Borkh.) 
cultivars. Notulae Botanicae Horti Agrobotanici Cluj-Napoca 38: 
228-233.

Püskülcü, H. and Ikiz, F., 1989. Introduction to statistic [in Turkish]. 
Bilgehan Presss, Bornova, Turkey, 333 pp.

Rosenberg, U. and Bogl, W., 1987. Microwave thawing, drying, and 
baking in the food industry. Food Technology 41: 85-91.

Vega-Mercado, H., Gongora-Nieto, M.M. and Barbosa-Canovas, 
G.V., 2001. Advances in dehydration of foods. Journal of Food 
Engineering 49: 271-289.

Yoo, K.M., Lee, K.W., Park, J.B., Lee, H.J. and Hwang, I.K., 2004. 
Variation in major antioxidants and total antioxidant activity of 
yuzu (Citrus junos Sieb ex Tanaka) during maturation and between 
cultivars. Journal of Agriculture and Food Chemistry 52: 5907-5913.

Zhang, M., Li, C., Ding, X. and Chao, C.W., 2003. Optimization for 
preservation of selenium in sweet pepper under low-vacuum 
dehydration. Drying Technology 21: 569-579.




