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Abstract : Drying is one of the most common ways to preserve agricultural products. The main
purpose in drying fruits is to reduce their water activity, losses and transportation costs since
most of the water are taken out from the product during the drying process. Apple is one of the
major fruits consumed all over the world and it has an important role in the human healthy
because it is one of the best sources of bioactive compounds. Due to a high level of water in
apples, they need to storage in specified conditions or drying for reducing water activity to
decrease of microbiological activity. The aim of this study was to evaluate the effects of
different drying methods (air drying, sun drying, oven-drying, cabinet drying and microwave
drying) on the total phenolic contents of apple slices. Drying methods have significant effects
on the total phenol contents. Apple slices were dried by oven drying at 70 ° C and oven drying
at 50 ° C methods had the highest and lowest amount of phenolic contents respectively. In
conclusion, it can be suggested that special care should be taken when preserving food for
later use.
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Introduction

Apple is one of the major fruits consumed all over the world and it has an important role in the human
healthy because it is one of the best sources of bioactive compounds™™. Apple decreases the cardiovascular and
cancer disease *°. Apple is a good source of phenolic compounds and it can protect the human body against
oxidative stress by scavenging oxygen free radicals ®’. Due to a high level of water in apples, they needto
storage in specified conditions or drying for reducing water activity to decrease of microbiological activity®.
Drying is one of the oldest methods known for the preservation of agricultural products such as fruits and
vegetables and it is an important means of enhancing resistance to degradation due to a decrease in water
activity. Drying of agricultural products enhances their storage life, minimizes losses during storage, and save
shipping and transportation costs °. The quality of a dried product is indicated by its color'. It is not only an
indicator of changes proceeding in the material during drying, but also an important attribute affecting
attractiveness of a food product. Extraction of phenolic compounds is influenced by the drying procedure before
theextraction®. The drying of plants inhibits microbial growth but it can give other changes on the quality of
plants; such as loss of bioactive compounds and antioxidant activity and other health-promoting properties .
Many drying methods such as oven drying, microwave and freeze-drying are used to preserve medicinal
herbs'?**. All of thermal drying methods (microwave, sun and oven-drying) resulted in decrease of the total
phenolic of plants'. Also most, methods of drying including air, hot air, sun and freeze-drying had adverse
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effects on the antioxidant activity °.The main factor in drying plants is the drying time and the shorter drying
times maximized phenolic compounds and antioxidant activity *°.

The objective of the present study was to compare different methods for the drying of plants on the total
phenolic contents of yellow apple fruit by six drying methods such as air drying in sun, air drying in shade,
oven drying (50 and 70 “C), microwave drying (360 W) and drying cabinet.

2. Material and methods:
2.1. Raw material

Apples (Golden delicious) were purchased from a local supermarket and were picked and stored in a
refrigerator (5°C) until use. The apples were cored with a household tool and cut into cubes. The samples were
divided into six groups, each group of samples weighed 100 g. The sliced apple samples were subjected to
dryers immediately after cutting to avoid surface enzymatic browning.

2.2. Drying of samples

The apple slices were dried by different drying methods until final moisture content (5-6%, wet
basis).The methods were air-dried, sun-dried, microwave drying (360 W), drying cabinet, oven-dried at 50 0 C
and 70 o C. The drying process was continued until no moisture content was recorded (the samples was dried
until it reached the equilibrium moisture content, otherwise no change in moisture content). All dried samples
were crushed and powdered; the material that passed through 80-mesh was used for extraction purposes.

2.3. Preparation of extracts

100 g of each group of samples were macerated with 1.0 L of ethanol at room temperature. The whole
extracts were filtered and their solvent was evaporated under vacuum at 40 C and the yield of extraction was
evaluated.

2.4. Determination of total phenolic content

The total phenolic contents of samples were determined by Folin-Ciocalteu phenol reagent method
1718 Briefly, 100 pL from each sample was mixed with diluted Folin-Ciocalteau reagent (1/10, 100 pL). After 1
min of reaction, Sodium carbonate (2%, 2 mL) and distilled water were mixed into them, and then the tubes
were vortexed and incubated for 30 min at room temperature. The absorbance was read at 720 nm. The
analyses were performed in triplicates. The standard curve was prepared using 10 to100 ug/L solutions of
gallic acid in methanol. Total phenolic contents were expressed as gallic acid equivalents (mg gallic acid: per
dry weight of extract).

3. Results and discussion

The yield and total phenolic content are shown in Table 1; the highest yield of extraction was from sun
drying and lowest yield was from cabinet drying. The results showed drying method has significant influence
on the content of phenolic compounds. The highest values of total phenolic content of apple slices was observed
in in the oven drying (70 °C), followed in the air drying in shade (Table 1) and the lowest amount of phenolic
compounds was observed from oven drying in 50 ‘C.

Table 1- yield and total phenolic contents of apple slices were dried by different methods

Drying Method Drying Drying Time | Yield Total Phenolic Content (Mg
Temperature (%) Gallic Acid/Dried Extract))

Air drying in shade 8°C 144 25.23 0.393£0.3

Sun drying 20°C 76 h 28.92 0.38+0.31

Cabinet drying 60°C 7h 17.25 0.376+0.38

Microwave drying 360 w 4h 27.14 0.337£0.29

Oven drying (50 C) 50°C 16 h 27.28 0.234+0.19

Oven drying (70°C) 70°C 12 h 27.98 0.419+0.26
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Air-drying is a traditional, low cost technique that is used to lower the water content of herbs at low
temperatures. The drying at low temperatures protects against the degradation of the active constituents, but it is
slow and metabolic processes may continue longer, which may lead to quality loss of the aromatic plants and
subsequently of the produced added value products .

Oven drying and drying cabinet are the most frequently methods used for food dehydration. A major
disadvantage associated with these methods is damage the flavor, color and nutrients in dried products *°.The
main feature of a cabinet dryer is its small size and versatility. The main problem with cabinet dryer is difficulty
in even distribution of heated air over or through the drying material.

Sun drying is still the most common method used to preserve agricultural products in most tropical and
subtropical countries .this method has the advantages of simplicity and the small capital investment. On the
other hand, there are many technical problems which are uncertainties like rain and cloudiness, contamination
from outer sources and lack of control over drying conditions. It requires large areas and long drying time. The
final product may be contaminated from dust and insects and suffer from enzyme and microbial activity. It is
limited to climates with hot %qu and dry atmosphere with strong winds. In any case of drying, economically

feasible drying should be fast™.

Microwave drying is an alternative method to the conventional drying. In microwave drying, the
product is exposed to very high-frequency electromagnetic waves. The advantages of using microwave energy
are penetrating quality, which effects a uniform heating of materials upon which radiation impinges; selective
absorption of the radiation by liquid water; and capacity for easy control so that heating may be rapid if desired.
The great interest in this technology is due to the high capacity of penetration of these waves, that heat not only
on the sggface but also inside the food. This speed up the drying process and can improve the quality of the final
product “.

The long drying time of product placement in the atmospheric oxygen can have such adverse effects on
the quality as reduction in the amount of phenolic compounds 2. Moreover, exposure to high temperatures
disrupts cells and may also result in the release of oxidative and hydrolytic enzymes. These enzymes are
capable of oxidizing phenolic compounds.

The loss of phenolics compounds during drying might be due to the process conditions, in particular the
temperatures and the duration used 2%

Thermal processing can affect the phytochemicals by thermal breakdown that affect the integrity of the
cell structure which then resulted in the migration of components, leading to losses by leakage or breakdown by
various chemical reactions involving enzymes, light and oxygen .

The loss of phenolics compounds was found with oven drying at 50°C (0.234%) and highest level of
phenolic compounds was found from oven drying at 70 ° C than the other drying treatments set. Our results was
agreement with Martinez-Las Heras et al that showed the extracts from persimmon leaves dried with air at
100°C gave the highest total phenolics concentration, followed by extracts from lyophilized leaves, and then the
extracts from air dried leaves at 180°C and from shade dried leaves?’.

According to Mrad et al the decrease in total phenolics content during drying can be attributed to the
binding of polyphenols with other compounds (proteins) or to alterations in the chemical structure of
polyphenols which cannot be extracted or determined by available methods?.

Polyphenolics compounds may be deteriorated depending upon many factors other than heat treatment;
these included the activity of polyphenol oxidase, organic acid content, sugar concentration and pH %.

Also the results showed that the microwave dried apple fruits exhibited the lowest total phenolics
contents after oven drying in 50 ‘C, our results is agreement with other studies. Rabeta and Vithyia found that
the microwave drying does not cause any significant changes in total phenolics content of Vitexnegundo tea*.
Crozier et al reported losses of conjugated quercetin of 64% and 65% in microwaved onions and tomatoes,
respectively®".
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4. Conclusion

The purpose of the present study was to evaluate the effect of different drying methods on the total
phenolic content of apple slices. The major quality problems faced during apple drying loss of flavor,
discoloration and poor rehydration characteristics of the dried apple slices. Drying is an industrial preservation
method in which water content and water activity of the fruits and vegetables are decreased by heated air to
minimized biological, chemical and microbial deterioration. Drying is a process of simultaneous heat and mass
transfer. To obtain the dehydrated product of high quality, the drying process should be such that it allows
effective retention of color appearance, flavor, taste and nutritive value, comparable to fresh vegetables. The
technique of drying is probably the oldest method of food preservation practiced by mankind for the extension
of food shelf life. The use of artificial drying to preserve agricultural commodities is expanding, creating a need
for more rapid drying techniques and methods that reduce the large amount of energy required in drying
processes. Because of apple is an antioxidant product used for several medicinal purposes, New and innovation
techniques that increase drying rates and enhance dried apple slices quality are receiving considerable attention.

5. References

1. Hyson D. A comprehensive review of apples and apple components and their relationship to human
health. Advances in Nutrition.2011;2(5): 408-420.

2. Alkhateeb R, Muzher B, SaleemS. Influence of the regulation of underground water level on some of
qualitative and productivity characters of Golden delicious apple cultivar .International Journal of
ChemTech Research, 2016;9(7):532-538

3. Virot M, Tomao V, Le Bourvellec C, Renard CMCG, ChematF. Towards the industrial production of
antioxidants from food processing by-products with ultrasound-assisted extraction.Ultrasonics
Sonochemistry.2010; 17(6): 1066 —1074.

4. Denis L, Morton MS, Griffiths K. Diet and its preventive role in prostaticdisease. Medline, European
Urology.1999;35(5-6):377-387.

5. Hamauzu Y, Yasui H,Inno T, KumeCh, Omanyuda M. Phenolic profile,antioxidant property, and anti-
influenza viral activity of Chinese quince (Pseudocydoniasinensis Schneid.), quince (Cydoniaoblonga
Mill.), and apple( Malusdomestica Mill.) fruits , Medline. Journal Of Agricultural And Food Chemistry.
2005; 53,4: 928-934.

6. Eberhardt MV, Lee CY, Liu RH. Antioxidant activity of fresh apples.Nature.2000;405: 903-904

7. Ko SH, Choi SW, Ye SK, Cho BL, Kim HS, Chung MH.Comparison of the antioxidant activities of
nine different fruits in human plasma.J Med Food.2005; 8(1):41-6.

8. Malthlouthi M.Water content, water activity, water structure and the stability of foodstuffs. Food
Contr.2001; 12: 409-417.

9. Diaz-Maroto MC, Pérez-Coello MS, Cabezudo MD. Effect of different drying methods on the volatile
components of parsley (Petroselinum crispum L.).European Food Research and Technology.2002; 215:
227-230.

10. Yongsawatdigul J, Gunasekaran S.Microwave-vacuum drying of cranberries: part Il. Quality
evaluation. J. Food Proc. Preserv, 1996; 20: 145-156.

11. Hossain MB, Barry-Ryan C, Martin-Diana AB, Brunton NP. Effect of drying method on the antioxidant
capacity of six Lamiaceae herbs.Food Chemistry.2010;123: 85-91.

12.  Harbourne N, Marete E, Jacquier JC, O’Riordan D. Effect of drying methods on the phenolic
constituents of meadowsweet (Filipendula ulmaria) and willow (Salix alba). LWT-Food Science and
Technology.2009; 42: 1468-1473.

13.  Mansour R.Effects of drying process on total phenolics, and flavonoids content of thyme vulgaris
extract.International Journal of ChemTech Research, 2016; 9(5): 632-638

14. Chan EWC, Lim YY, Wong SK, Lim KK, Tan SP, Lianto FS, Yong MY. Effect of different drying
methods on the antioxidant properties of leaves and tea of ginger species.Food Chemistry.2009; 113:
166-172.

15.  Rhim JW, Xi Y, Jeong WC, Ham KS, Chung HS, Kim ES. Effect of drying methods on antioxidant
activity of Jiwhang (Rehmannia glutinosa).Food Science and Biotechnology.2009; 18: 1464-14609.

16. Mrkic V, Cocci E, Rosa MD, Sacchetti G. Effect of drying conditions on bioactive compounds and
antioxidant activity of broccoli (Brassica oleracea, L). Journal of the Science of Food and
Agriculture.2006; 86: 1559-1566.



Susankhosroyar et a/ /International Journal of ChemTech Research, 2017,10(10): 55-59. 59

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

Pattanayak SP, Mazumder PM , Sunita P.Total phenolic content, flavonoid content and in vitro
antioxidant activities of Dendrophthoefalcata (L.f.) Ettingsh. International Journal of ChemTech
Research.2011;3(3):1392-1406

Maurya$ .Singh D.Quantitative Analysis of Total Phenolic Content in Adhatoda vasica Nees Extracts.
International Journal of PharmTech Research..2010;2(4):2403-2406

Keindnen M, Julkunen-Tiitto R.Effect of sample preparation method on birch (Betulapendula Roth) leaf
phenolics. Journal of Agricultural and Food Chemistry.1996; 44: 2724-2727

Jayaraman KS, Gupta DKD. Drying of fruits and vegetables. In Handbook of industrial drying, ed. by
Arun S. Mujumdar.2006; 606-631 CRC Press.

Mujumdar, Arun S. Principles, classification, and selection of dryers. In Handbook of Industrial
Drying, edArun S. Mujumdar.2006; 4-31.CRC Press.

Akoy EOM, Horesten D. Microwave Drying of Mango Slices at Controlled Temperatures. International
Journal of Innovation and Applied Studies. 2015; 12:2:374-383.

Aghae M,Alizadeh M, Saadatian M, Riahi S, Jangjou K. Effects of growing stages and drying methods
on quality of shahsparam (Tanacetum balsamita L.). Intl J Agri Crop Sci.2013; 5:168-172.

Michalczyk M, Macura R, Matuszak I. The effect of air-drying, freezedrying and storage on the quality
and antioxidant activity of some selected berries. J Food Proc Pres. 2009; 33: 11-21.

Schieber A, Stintzing FC, Carle R. By-products of plant food processing as a source of functional
compounds recent developments. Trends Food Sci Technol. 2001; 12: 401-413.

Davey MW, Van-Montagu M, Inze D, Sanmartin M, Kanellis A, et al. Plant L-ascorbic acid:
Chemistry, function, metabolism, bioavailability and effects of processing. J Sci Food Agric.2002; 80:
825-860.

Martinez-Las Heras R, Heredia A, Castelld6 ML, Andrés A.Influence of drying method and extraction
variables on the antioxidant properties of persimmon leaves. Food Biosci.2014; 6: 1-8.

Mrad ND, Boudhrioua N, Kechaou N, Courtois F, Bonazzi C. Influence of air drying temperature on
kinetics, physicochemical properties, total phenolic content and ascorbic acid of pears. Food Bioprod
Proc. 2012; 90: 433-441.

de AncosB, Ibafiez E, Reglero G, Cano MP.Frozen storage effects on anthocyanins and volatile
compounds of raspberry fruit. J Agric Food Chem. 2000; 48: 873-879

Rabeta MS, Vithyia M. Effect of different drying methods on the antioxidant properties of
Vitexnegundo Linn tea. Inter Food Res J. 2013; 20: 3171- 3176.

Crozier A, Lean MEJ, McDonald MS, Black C. Quantitative analysis of the flavonoid content of
commercial tomatoes, onions, lettuce and celery. J Agric Food Chem, 1997; 45: 590-595.

%k %k k %k %k



