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ABSTRACT

Onion slices Allium cepa L.) weighing 100 g with a moisture content of 7.@ater/g dry matter were dried using
microwave and infrared radiation methods to a mioéstontent of 7% (wet basis). Three different atfgower levels of
200, 300 and 400 W were used for microwave dryivitgreas the infrared drying treatment involvedaéhrdgensity levels
that were 3000, 4000 and 5000 V¥/m drying air temperature of 38 and air velocity of 0.5 m/s. A comparison of the
drying kinetics, data revealed that microwave dyywas more effective in shortening drying time wlempared with
infrared drying. Results also revealed that micneveried onion slices were lighter in color and tégher rehydration
ratios meanwhile, onion slices were darker in calod had lower rehydration ratios when infraredirdrynethod was
employed. To evaluate the drying kinetics of ongtines, experimental data obtained in this studyewited with four
models i.e. Newton, Henderson & Pabis, Page andifisdd?age models. The goodness of fit for each ehadas
evaluated using coefficient of determinatiorf)(Bnd chi-squareyf) of these drying models, with the Page model yigjd
the best fit (R = 0.998,* = 0.00016).
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INTRODUCTION

Onion @llium cepa L.) is considered one of the second most importantidultural crops worldwide and has
always been most widely traded than most vegetd@igffiths et al., 2002) as a seasoning, a foatponent as well as in
medical applications. Dried onions are a producgrefat significance in world trade produced eithgrflaked, minced,
chopped or powdered forms (Arslan and Ozcan 20G@perally, onions are dried for efficient storage grocessing
(Sawhney and others 1999; Sarsavadia 2007) but@isziuce bulk handling, facilitate transportatialiow for their use
during the off-season (Mota and others 2010). Hanethe use of dried onions, which have a decreasess compared to
fresh onions, requires that an efficient and eifectiehydration method be developed and employkd.cblor and flavor
of dried onions are considered the most importaality attributes affecting the degree of accepitgbof the product by
the consumer. The non-enzymatic browning reactioreasured in terms of an optical index and the ilmgsungency,
measured in terms of thiolsulphinate or pyruvatecemtration, are considered the dominant factocgiality deterioration

during drying and storage of dried onions (Vidyaeatd others 2010).

Drying is one of the oldest methods of food preatown. It is a difficult food- processing operatiqrimarily

because of undesirable changes in quality caugingus damage to the dried product resulting frbenremoval of water
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from the product especially when using conventiamatirying. The major disadvantages of hot aiiryyof foods are low
energy efficiency and lengthy drying times durihg falling rate period. Because of the low theromiductivity of food

materials during this period, heat transfer from slrface into the interior of foods during convamal heating is limited
(Kocabiyik and Tezer 2009). The desire to eliminidiie problem, prevent significant quality loss athieve rapid and

effective thermal processing has resulted in irsdause of infrared radiation and microwave fodfdoying.

Application of infrared radiation heating is gaigirpopularity in food processing because of its rdefi
advantages over conventional heating. Faster diuleet heat transfer, lower processing cost, umifgroduct heating
and better organoleptic and nutritional value afgessed material are some of the important feabfragrared radiation
drying (Celma and others 2009 and Baysal and otR@€8) The combined infrared radiation and hothaating is
considered to be more efficient than only infradiging alone or convective hot air drying alone iagprovides a
synergistic effect. Combined infrared radiation dwed-air convection drying has been reported tcseore energy and to
improve quality of various agricultural products€bso and others 2008; Wanyo and others 2011 anddPr&umar and
others 2005).

Microwave drying on its part, is more rapid, moréfarm and more energy efficient than hot-air castien and
infrared radiation drying and in former, removalmbisture is accelerated and the rate of heatfeafi®m the surface
into the interior of the solid material is signdiatly decreased due to the absence of convectiamgVsind Sheng 2006).

In addition, because of the concentrated energy wiicrowave system, the floor space required iy @0-35% of that
required for conventional heating and drying equepm(Mongpraneet and others 2002; Nindo and otR2&G3;
Benlloch-Tinoco and others 2011 and SachidanandsirSand others 2012). More to that, microwave dyyéffectively
improves the final quality of agricultural productsuch as grains (Walde and others 2002), vegetables
(Lombrana and others 2010 and Ozkan and others) 20@/fruits (Varith and others. 2007).

Mathematical modelling of drying processes and tiéseis a tool for process control and can be usechoose
suitable method of drying a specific product. Tleweloped models can be used to design new dryistgrsg, determine
optimum drying conditions and to accurately predichultaneous heat and mass transfer phenomenagdineé drying
process. Several researchers have developed madeldescribe the drying behavior of agricultural dqurots
(Ertekin and Yaldiz 2004; Kashaninejad and othed872 Khazaei and Daneshmandi 2007). Taking intmuaai the
above-mentioned considerations, this study wagydediwith the objectives to (1) compare the deHiahacharacteristics
of onion slices using two dehydration methods wiicrowave and infrared radiation drying; (2) deterenthe drying
characteristics and quality degradation in termsadbr and rehydration ratio of onion slices sutgdcto the two drying
methods; and (3) examine and compare the appligabfl four different thin-layer models to the sifation of moisture

loss in onion slices during drying.

MATERIALS AND METHODS

Materials

Fresh onions procured in bulk from the local maeked stored in a refrigerator a@ were used in the present
investigation. To prepare the onions for the dry@xgeriments, they were removed from the refriggrand allowed to
equilibrate in the ambient environment before bdiagd peeled. The onions were then cut into slidespproximately

5 £0.1 mm thick using a sharp stainless steel kfifee direction of cut was perpendicular to thetizal axis of onion
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bulbs. A micrometer was used to check the thickrees$ uniformity of each slice at three differentdtions, and
acceptance was based on consideration of the aveage and the deviation of each value from thered thickness.
A sample of approximately 100 g of onion slicesgiag from 5 to 8 cm in diameter and 5+0.1 mm irckhniess was then
carefully set up as a single layer on the dryimy tior use in the drying experiment. The initialigtore content of the
onion slices, expressed in g water /g dry matteisbaas measured by the oven drying method atraremperature of
105°C and a drying period of 24 h (AOAC 1990). Theialimoisture content of the onion slices was fotmdbe about
7.3 g water /g dry matter.

Drying Equipment

Microwave drying was performed in a 230-V, 50-Hm;da2900-W laboratory digital microwave oven
(WEG-800A, Jinan, China). The microwave oven has ¢hpability of operating at different microwavegss, from
100 to 1000 W. The area on which microwave dryiras werformed was 32 x 37 x 20 cm in size and caukisf a
rotating glass plate 28 cm in diameter at the lofighe oven. The glass plate rotates 5 times parand the direction of
rotation can be changed by pressing the on/offobutfime adjustment was performed with the aid hef bven’s

digital clock.

An experimental dryer with an infrared radiatiorahsource is shown schematically in Figure 1. Thgnd
chamber was made of 8 mm thick plywood (lined iasidth an aluminum foil) of length 40 cm, 40 cmhkreadth and
60 cm high, with a single door opening at the frakit was forced through the dryer using an axialf blower at a
controlled velocity adjusted using an air contralwe. The actual velocity was measured using a aaeenometer sensor
with an accuracy of + 0.1 m/s placed 2 cm aboveditying tray. Two infrared heaters were operate@3@ V with a
maximum power of 500 W. The sample tray was 40 grd®cm and was constructed of wire mesh. The satngy was
kept 15 cm below the infrared heater throughoutetkigeriment. Two spiral-type electrical heaterdhwieating capacities
of 500 W each were used to control air temperatliteese electrical heaters were turned off and qarséely via a

temperature controller to maintain air temperatuitdin + 0.1°C of the set value.

Drying Procedures

Microwave Drying

Drying trials were carried out at three microwaemgration power levels: 300, 500, and 700 W. Theroslices
(100 g) selected from uniform and healthy plantste€ drying trials were conducted at each poweelleévhe values
obtained from these trials were averaged and tyiagiparameters determined. The rotating glas® plats removed from
the oven every 30 s during the drying period andstare loss determined by weighing the plate usirdjgital balance
(Mettler Toledo PM30, Germany) with 0.01 g preaisio

Infrared Radiation Drying

The infrared dryer was run empty for approximatél§ h to equilibrate the instrument relative to-pe¢
experimental drying conditions before each triggpfoximately 100 g of onion slices were uniformpyead on a tray and
placed inside the dryer. The drying experiments eweonducted at infrared radiation intensity levels 3000,
4000 and 5000 W/Mmand a constant drying air temperature of %5 and constant air velocity of 0.5 m/s
(Sharma and others 2005). The mass of the oniomveasured using a digital electronic balance (@)04t intervals of

15 min during the drying experiment.

| Impact Factor(JCC): 1.4507 - This article can be denloaded from www.impactjournals.us |




| 122 Hussain Sorour & Hany El-Mesery |

During the drying process, all weighing processesvcompleted within 10 s. The drying time wasmkdias the
time required reducing the moisture content ofgf@luct to 7 % on a wet basis.

Quality Evaluation

For quality evaluation purposes, similar drying exments were conducted separately under the sdonewave

and infrared drying conditions.
Color

Sample color was measured before and after drysiggua Hunter Lab Color Flex A60-1010-615 model
colorimeter (Hunter Lab., Reston, VA). The totalaradifference between fresh and dried onion sl&iesvas defined in

equation (1) as follow:

3= J(Lo—L )+ (a0 Y+ (b= )’ o

Where the subscript “0” refers to the color readafigresh onion slices and L, a, and b indicate liightness,
redness and yellowness of the dried sample, rasphct Fresh onion slices were used as a referamgk a larger
SE denotes a greater change in color due to drylihg. browning index (BI), indicating the purity dfet brown color of

the onion slices was calculated using equationar{d)(3) (Maskan 2001) as follow:

_100(x— 0.31)
BI = o (2)
a+1.751L
" 5.64L+a-3.01b )

Rehydration Ratio (Rr)

The rehydration ratio of dried onion slices wased®gined according to EL-Mesery and Mwithiga (201Bg)
immersing 10 g of dried sample in 50 ml of wateraaemperature of 38C and after 5 h, samples were drained and
weighed. The rehydration ratio was calculated agdtio of the mass of the rehydrated sample toahdry sample using

equation (4) as follow:

R mass after rehydration

M= o before rehvdratio 4)

mass before rehydration
Analysis

A number of theoretical, semi-theoretical and erogirdrying models have been reported in the litema
The most frequently used type of model for thinelagirying is the lumped parameter type, such adNgwgton equation
(EL-Mesery and Mwithiga 2012b; Liu and Bakker-Arkari997; Kingsly and others 2007). The moistureorditiring
drying is determined using equation (5) i.e.

M-M,

MR = ;== )

Where M is the moisture content of the productrat ime, M, is the equilibrium moisture content,; i4 the
initial moisture content all in Kgae/KY dary maties K is the drying constant (in units of 1/min) anid the drying time in min.

In this analysis, it was assumed that the moistpaglient driving force during drying is a liquid raentration gradient;
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meanwhile the effect of heat transfer was negleated simplifying assumption. For all experimestaiditions, the value

of (M-Mg)/ (M;-M¢), a dimensionless moisture content was obtainestaBse samples were not exposed to uniform
relative humidity and temperature continuously dgridrying, the moisture ratio was simplified asommended by
Akgun and Doymaz (2005), Doymaz (2004) and Goydlathers (2007) and expressed as follow:

MR=Z 6)

M;
Mathematical Modeling of the Drying Curves

For mathematical modeling, the equations in Tahblefe tested to select the best model for desgritiia drying
curve equation of the onion slices. The moistuti raf the onion slices during drying was calcuthtesing equation (6).
The goodness of fit of the tested mathematical isoda the experimental data was evaluated usindficieat of
determination (B [equation (7)] and chi-square tesf)([equation (8)] with higher Rvalues and lowey? values

indicating a better fit (Goyal and others 2006jcl®w:

R2 _ Z{\Izi(MRexp.i_MRPre.i)z (7)

- 2 2
\/[ZiN=1(MRexp.i_MRPre.i) ]*[Z]i\lzl(MRexp.i_MRPre.i) ]

2 _ 21N=1(MRexp.i_MRpre.i)2 (8)

X N-n

Where MRy, is thei® experimental moisture ratio, MR; is thei® predicted moisture ratio, N and n are the

number of observations constants, respectively.

Table 1: Mathematical Models Applied to the DryingCurves

No. Model Equation References
1 | Newton MR = exp (-Kt) Ayensu (1997)
2 | Henderson and Pabis MR = a.exp(-Kt)  Hendersoralis?(1961)
3 | Page MR =exp (-Kt | Page (1949)
4 | Modified Page MR = exp [-(K) | Ozdemir & Devres (1999)

RESULTS AND DISCUSSIONS

Drying Characteristics of Onion Slices

Onion slices with initial moisture content of 7.8§water/g dry solids were dried following two diféat drying

methods i.e. microwave and infrared drying to alfimoisture content of 0.07 g water/g dry matter.
Microwave Drying

Microwave drying trials were conducted at outputvpo levels of 200, 300 and 400 W and the influesiceach
microwave power level on moisture ratio over dryiimge presented in Figure 2. The drying time desedaas microwave
power level was increased. The times requiredHerroisture content of onion slices to decreasm 86 to 7 % (w.b)
were 25, 20 and 17 min at microwave output poweelteof 200, 300 and 400 W, respectively. The efféanicrowave
power level of decreasing drying time was observgdSoysal 2004; Funebo and Ohlsso 1998; and O&menothers
2007). The results indicate that mass transfer asenmapid at higher microwave power levels becamsee heat is
generated within the sample, creating a larger vppessure differential between the interior arelgbrface of the product
(Sarimeseli 2011 and Arikan and others 2012).
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Figure 1: Variation in Moisture Ratio Overtime of M icrowave Drying of
Onion Slices at Different Microwave Power Levels

Infrared Radiation Drying

Infrared drying trials were conducted at radiatiotensity levels of 3000, 4000 and 5000 \¥/mith an air
temperature of 35 °C and an air velocity of 0.5.m&/graph of moisture ratio versus drying time dgrthe infrared drying
of onion slices at different radiation intensitydds is presented in Figure 1. From the data, déar that moisture ratio
decreased over drying time. Furthermore, infragstiation intensity level had an effect on the cleaimgmoisture ratio of
onion slices. The results also showed that wheraried radiation intensity level increases, the tialen to dry onion
slices greatly decreased. Accordingly, the dryiilges required to reduce the moisture content obrorslices to
approximately 7 % (w.b) were 480, 375 and 210 mihem infrared radiation intensity levels of 3000,
4000 and 5000 W/ respectively, were applied. A decrease in dryinge with increased infrared radiation intensity
level has also been reported by Kocabiyik and T€#@09) and Pitchaporn and others (2011).

Evaluation of the Models

The four different MR models used to predict theishoe content as a function of drying time arespraed in
Table 1. The coefficient of determination’Rind the reduced chi-squang)(were used to assess how well the models
characterized the drying curves. The estimatednpeters and statistical analysis of the models fgivan set of drying
conditions are shown in Table 2. An analysis ofiarare indicated that the microwave power and ieflaradiation
intensity levels significantly affected the dryipgarameters. Higher microwave power and infraredatih intensity
levels are associated with significant decreasdrying time and moisture ratio which was much mooticeable in
microwave than infrared drying. This has been destrated in the studies of Azzouz and others (20@2ya and others

(2007) and Sharma and others (2005).

Table 2: Estimated Coefficients and Statistical Anlysis of Three Thin-Layer Drying Models

Model Drying Methods Model Constant R? 2
Microwave Drying k (min™) x
200 W 0.225 0.996 0.000991
300 W 0.257 0.995 0.000240
400 W 0.310 0.997 0.000384
Newton :
Infrared Drying
3000 W/nt 0.0181 0.991] 0.000721
4000 W/m 0.0211 0.998 0.000637
5000 W/ni 0.033 0.995| 0.000562
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Table 2: Contd.,

Microwave Drying k (min™) a
200 W 0.189 0.959| 0.995 0.000771
300 W 0.250 0.917| 0.997 0.000960
Hendeson 400 W 0.293 0.861| 0.990 0.000974
& Pabis Infrared Drying
3000 W/nt 0.160 0.981| 0.994 0.000631
4000 W/m 0.0193 0.956| 0.998 0.0009311
5000 W/ni 0.0230 0.924| 0.997 0.00070Q
Microwave Drying k (min™?) n
200 W 0.197 1.19 0.998 0.000161
300 W 0.301 1.14| 0.999 0.000134
400 W 0.393 1.08| 0.998 0.000219
Page -
Infrared Drying
3000 W/nt 0.020 1.23 0.99§ 0.000201
4000 W/m 0.029 1.20 | 0.999 0.000181
5000 W/ni 0.041 1.15 0.999 0.000100
Microwave Drying k (min™?) n
200 W 0.181 1.19 0.992 0.000988
300 W 0.350 1.14| 0.991 0.000760
Modified 400 W 0.401 1.08| 0.993 0.000684
Page Infrared Drying
3000 W/nt 0.015 1.23 0.996 0.000921
4000 W/m 0.025 1.20 | 0.994 0.000699
5000 W/ni 0.028 1.15 0.992 0.000961

On the other hand, among the four models, the aagel provided the best fit to the microwave anfdaired
radiation drying data as indicated by a highéraRd lower chi-squarg’ than those of the other models. Figure 2 and 3
compare the experimental data with the four modeis microwave and infrared radiation drying, redpesy.

The predicted moisture content using the Page nmeluelbed moisture content values in a banded padleny a straight
line. The data illustrate the suitability of thisdel for describing the drying characteristics oniom slices. Several authors
have reported good results from the application toe Page model to the drying kinetics of foods

(EL-Mesery and Mwithiga 2012b; Doymaz 2005; Ozkaml &@thers 2007; Arslan and Ozcan, 2008; Kumar ahdrs
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Figure 2: Comparison between Measured and Predicte@®nion Slices Moisture
Content, Using Various Models, for Various Microwae Power Levels
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Color Assessment

The total color differencedE) and browning index of onion slices, calculatednf Eqgs. 1, 2 and 3 are
colorimetric parameters used extensively to charit the variation of colors in foods during pregiag. The total color

difference and browning index results obtained \ligh microwave and infrared drying methods aregiresl in Table 3.

Microwave drying prevented color damage during mygyilnfrared-dried onion slices were significardigrker in
color than microwave-dried samples. This differemcay be due to the longer drying time used in nefdladrying
(Summu et al., 2005). It is clear that microwavgimy maintained the color quality of fresh oniomces better than

infrared drying (Chua and Chou 2005 and Arikanle2812).

Table 3: Color and Browning Change of Onion SliceBried at Selected Processing Conditions Drying

Rehydration Ratio

. Total Color Brownin
DIg hiEieels Change 6E) | Index (B?)
Microwave Drying
200 W 19.13 16.61
300 W 20.86 13.53
400 W 19.99 15.09
Infrared Drying
3000 W/nd 23.93 19.95
4000 W/m 24.08 20.57
5000 W/nd 25.05 21.94

The rehydration characteristics of a dried prodare widely used as indicators of quality. Rehydratis a
complex process that is influenced by both physarad chemical changes associated with drying aadtrsatments
preceding dehydration (Lewicki 1998; Feng and Ta8§8). The rehydration ratio was found to increagt increasing

microwave output power and infrared radiation istgnlevels. As found, increasing the microwave povevel from
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200 to 400 W increased rehydrations ratio from %®8.87. Data also indicated that increasing nefilaadiation intensity
from 3000 to 5000 kW/mexhibited an increase in rehydration ratio fror@14to 5.18. Thus, the rehydration ratios for

microwave-dried slices were higher than thoseritrared-dried slices.
CONCLUSIONS

This study characterized the influence of dryingditions on the drying behavior of onion slicesngsinfrared
radiation and microwave drying. It was found tHa trying rate increases substantially with theroviave power level
or infrared intensity level used. The Page moded feaind to be more suitable for predicting the migybehavior of onion
slices, with the values for’Rabove 0.99 and with the lowest valueg06.00017 for both drying methods. A comparison
of microwave and infrared drying times indicatettineespective of the power or radiation intengfyplied, microwaving
is an effective method of shortening the time regplifor drying to the desired moisture content withcharring the
samples. Moreover, microwave drying had less imib@eon the color and rehydration ratio of the fieid product than
infrared drying.
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