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ABSTRACT

The effect of sample thickness (10 and 20 mm), otk drying (open sun, solar and hot air dryingd arying

air temperature (50, 60 and %) on the drying characteristics and kinetics afiailices were investigated. The
results showed that sample thickness, method dhgrgnd drying air temperature significantly (P %)
affected the drying rate and thus the drying tithevias observed that okra slices would dry perjeaithin 216

— 240 h, 192 -216 h, and 12 — 19 h under opensalar and hot air drying, respectively. Irrespeztof the
drying method, all the samples dried in the falliate period with no constant rate period. Four-thiyer semi-
empirical mathematical drying models (Newton, Pagenderson and Pabis, and Logarithmic models) were

fitted to the experimental drying curves. The medetre compared using the coefficient of detern‘ﬂna(tRz)
and the root mean square error (RMSE). The logarithmodel has shown a better fit to the experimeddta
obtained from the open sun, solar and hot air dry@spectively as relatively compared to othereteshodels.
Correlation between the model parameters and thi@glmir temperature (under hot air drying) to cédte
moisture ratio in relation to the drying time weakso determined. The transport of water during rdryivas
described by application of Fick's diffusion mod®id the effective moisture diffusivity was estintat@he
value ranges from 0.253 to 0.901 x'iM?/s for open sun, 0.31 to 1.01 x*f@n?/s for solar drying and 3.29 to
14.7 x 10° m%s for hot air drying, respectively. The Arrhentype relationship describes the temperature
dependence of effective moisture diffusivity andswigtermined to be 16.74 kJ/mol and 10.39 kJ/mal@oand
20 mm sample sizes, respectively.

Keywords: Okra; Open sun drying; Solar drying; Hot air eaiyj Mathematical modelling; Effective moisture
diffusivity.

1.0 INTRODUCTION

In most part of the world, okra (Hibiscus/ Abelmbgs esculentus ) also called ‘lady finger’ is cdeséd as an
important vegetable crop, for its economical anttitive values. It is one of the main vegetablepsrgultivated

in tropical countries and warmer parts of tempecatantries. The largest ten producers are Indigeiia, Iraq,
Céte d'lvoire, Pakistan, Egypt, Benin, Cameroon,afh and Saudi Arabia. World okra production was
6,876,584 MT, while Nigeria okra production in 20@as 1100000 MT (FAOSTAT, 2012). Okra is grown for
its fibrous pods containing seeds (Kumar et al1,120It is a source of protein, vitamins C and i calcium,
dietary fiber and low saturated fat (Doymaz, 2003¥shly harvested okra has very high moistureesun(i88-
90% wet basis) with safe moisture content for gferél0% wet basis) (Shivhare et al., 2000). Dugsthigh
moisture content, its shelf life does not incre@isamar and Prasad, 2010), because it is subjectedpid
deterioration, resulting in chemical, physical dmological changes. Because of its sensitivitgtiarage, most
fresh okras are preserved in some form. One ofrtbst widely used methods of food preservationryénd
which also extends the shelf-life of food. Dryingbpesses has been one of the oldest technologiesgathe
industrialized processes in the preservation oicatjural food materials or products. This is gatniforces as
one of the promising techniques and thus becomebgatt for research studies. It is defined as xgs® of
moisture removal due to simultaneous heat and trassfer (Ertekin and Yaldiz, 2004; Waewsak et2006).

The traditional way of drying food materials hagidoy open sun drying, however, this is not alwayited to
large-scale production due to lack of ability tontol the drying conditions, the uncertainties @htaent
conditions, large area requirements, contaminaifaiiust and insect and rodent infestation (Ertelid Yaldiz,
2004; Togrul and Pehlivan, 2004). To avoid thesshif@ms drying equipments were designed and prodaoned
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the basis of drying test. The studies based onlatinn models are needed for design and operafiainyers as

well as useful in improving the existing drying ®m. Thus, several researchers in recent times have
investigated the drying characteristics or behasfadifferent food materials including fruit andgetables, sea
food products using different drying methods sustopen sun dryinfpr grapes ((Togrul and Pehlivan, 2004),
fish (Jain and Pathare, 2007), and onion slicesléftrand Ozcan, 2010); solar drying for green pefplepinar

and Bicer, 2008), strawberry (Beltagy et al., 20@BMhook mangoes (Dissa et al., 2011), and okra (Tamy
2011; Ismail and Ibn Idriss, 2013)); and hot aiyidig for red pepper (Simal et al., 2005), okra (Bay, 2005),
tomato (Doymaz, 2007), and carrot (Zielinska andkdaski, 2010), respectively.

The drying characteristic curves of most of thesedf materials were modeled using different dryingdeis
such as the Newton model (O’Callaghan et al., 197aye model (Akpinar et al., 2003), Henderson Raiois
model (Karathanos and Belessiotis, 1999), logaiithmodel (Yaldiz et al., 2001), two term exponehiredel
(Akpinar et al., 2003). For example, the page meds found to best describe the drying behavigrodéto, red
pepper and tomato under hot air drying (Akpinarakt 2003; Simal et al., 2005; Doymaz, 2007) while
exponential model for mulberry under open sun (Dayn2004) and Newton modet strawberry under solar
drying (Beltagy et al., 2007) were found to bestalibe their drying behavior, respectively. Okrailg one of
the world traded vegetable in both fresh and pm@ddorm, few researchers have studied the dryfrityis
vegetable either as untreated or pretreated foingust air drying (Doymaz, 2005; Sobukola, 200@ybaz,
2011; Ismail and Ibn Idriss, 2013; Honore et @14). However, information on the drying of okrangsnatural
convection is seldom scarce.

The objective of this study is to investigate thgirty characteristics and kinetics of okra of diffiet thickness
under open sun and solar (natural convection) dr@a well as with different sample size and dryaig
temperature under hot air drying (forced air cotieag; and to model the drying characteristics &imgtics by
application of known semi-empirical mathematicalidg models in the literature.

20MATERIALSAND METHODS

2.1 Raw material

Fresh okras (Abelmoschus esculentus (L.) Moenchiewmirchased from the local market of Ogbomoso,
Nigeria. The okras were washed with tap water &ed tut into rectangular pieces of thickness 102hchm,
respectively. The okra slices were then subjeaaspen sun, solar and hot air drying respectively.

2.2 Drying equipment

The drying experiments were conducted in a metgl pdaced in the open sun and solar dryer respytivhe
solar dryer used was fabricated and consists éabemtf a solar collector and drying chamber comsted with
wooden planks with cross-sectional areas of $9m5nf, respectively. Transparent polythene framed indvoo
served as the top cover for the collector and thind chamber.

2.3 Open sun air drying

Approximately 100 g each of sliced okra samplethakness 10 and 20 mm were spread in differenahtety
respectively and then placed in the open sun frOrB a.m to 4.00 p.m daily. The dry bulb tempeeiand
relative humidity of the surrounding environmentswaken four times between 12 noon and 4.00 p.tg. dsti
the end of drying period each day, samples werglveei and recorded. This was done until approximpatel
100% (dry weight basis (d.b)) moisture content wlatmined for the dried sample.

2.4 Solar air drying

Approximately 100 g each of sliced okra sample @fahd 20 mm thickness were spread on a differemalme
tray respectively and then placed in a solar dedtgdr The solar dehydrator was left in the open sun
environment. The dry bulb temperature and relativenidity within the drying chamber was taken foumds
between 12 noon and 4.00 p.m daily. At the endrgind period each day, the samples were weighed and
recorded. This was done until an approximately 1@0Bamnoisture content was obtained for the driedde.
2.5Hot air drying

Approximately 100 g of sliced okra sample with #mess of 10 and 20 mm respectively, were spreadeial
trays and each placed in an oven dryer (Uniscope9888 A Laboratory oven, Surgifriend Medicals, Engl).
Drying was carried out at combinations of three Hujb temperatures (50, 60 and @) and two sample
thickness (or size diameter) (10 and 20 mm). At looer interval, samples were withdrawn from theedrgnd
weighed until approximately 100% (dry weight bagls)) final moisture content was obtained. The shoe
content of both the fresh and dried samples wasriahited according to AOAC (1995). The drying ratehe
samples was calculated based on weight of wateovetchper unit time and per kilogram of dry mattsolid)
and expressed in units of kgkg'(Dandamrongrak et al., 2003; Agarry et al., 200§aky et al., 20086).
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2.6 Mathematical modelling

Thin-layer mathematical drying models describe dnging phenomenon in a unified way regardless ef th
controlling mechanisms (Kingsly et al., 2007). himtlayer drying, the moisture ratio during dryiisgcalculated
according to Eq. (1):

M-M,
MR=2% 1)
Mo_Me

Where MR is the dimensionless moisture rd¥lo, the average moisture content at tineM , the initial

moisture content, anMe, the equilibrium moisture content respectively,don weight basis.

During thin layer drying of okra in open sun andasalryer, the samples were not exposed to unificatative
humidity and temperature continuously. As a resilthis, the equilibrium moisture content could rim
determined and since this is usually not high foydf materials (Togrul and Pehlivan, 2004; Waewda#l.e
2006), the equilibrium moisture content was assutodae zero. Thus, the moisture ratio (Eq. 1) wagpkfied
according to Pala et al. (1996) and Kingsly e{2007) to:

MR 1 @
[0}

The recorded moisture contents for each sample there used to plot the drying curves. Four knowmise
empirical mathematical drying models that expressdationship between MR and the drying time, t as
presented in Table 1 were applied to the dryingesiobtained for each sample at each process lewiabing
the non-linear regression analysis as to selediesemodel (based on the quality of fit) that diéss the drying
characteristics or behavior. Some of these modelsrecently used for determination of moistureoratith
drying time by Hii et al. (2009), Ismail and Ibrrigs (2013) and Khawas et al. (2014).
The regression analysis was performed using MATLA&@mputer software package (version 6.5). The
correlation coefficient (B and root mean square error (RMSE) were majoeniitfor selection of the best
model equation to describe the drying curve. Faligufit, R* value should be high and RMSE should be low
(Demir et al., 2004; Erenturk et al., 2004). Inartb evaluate the goodness of fit of the simufapicovided by
the proposed (best selected) model, differentstizdl parameters are usually used. In this sttitky, mean
relative error (Eg. 3) and root mean square eiqr 4)(Nguyen et al., 2004; Simal et al., 2005)enealculated.

., 100 & [MReXpi—MRpre'/
A)E—-N— .2:1: MR, ] (3)

N
RMSE {%Z(MRexﬁ ~MR, )ZT (@)
i=1

Where N, total number of observatiodglR

expi »+ EXPErimental moisture ratio values ardR

predicted

pre !
moisture ratio values. These modules have beeningbe literature to evaluate the goodness afffillifferent
mathematical models. It is generally considered ¥h& values below or equal to 10% give a goodHirk et
al., 2002; Simal et al., 2005).

Tablel Mathematical model of drying curves

No Model Names Model Equation

1 Newton MR = exp(-kt)

2 Page MR = exp(*Kx

3 Henderson and Pabis MR = a exp(-kt)

4 Logarithmic MR = a exp(-kt) + ¢

a,c,n, empirical constants; k, drying constardryjng time; MR, moisture ratio.
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2.7 Effective moistur e diffusivity
For the determination of the effective moisturefudifvity (Deff ), a mathematical model was used based on

Fick's second law of diffusion which expresses ktienship between the moisture ratio and the &ffec
moisture diffusivity. The okra slices are assumethie form of spherical and the Fick's second ldwliffusion
for spherical object is defined as follow:
2

a_m:Deff _6 r2n+ga_m (5)

ot or roor
where m can be defined as the moisture contentdideyet basis), moisture ratio, weight ratio andsiy. By
using appropriate initial and boundary conditiom&l ahe assumptions of independence of diffusivides
temperature from interior moisture content, neglgivolume shrinkage, and discounting the resistaoic
external convective mass transfer, Crank (19#a)e the analytical solution to Eq. (5) for objedth spherical
geometry as (Ochoa-Martinez and Ayala-Aponte, 2009)

2
6 & 1 — N/ Dyt
MR=— ) —eXg ———— (6)
T ; n’ r?
Where D is effective moisture diffusivity (Afs), t, drying time anfl, radius of the spherical object (m). To be

able to determine the effective moisture diffusiviEq. (6)may be simplified to a linear logarithmic form (Eq.
7) (Feng, 2000):

6 Dt
In MR:In[—j— —ZEﬁ (7
g r
The relationship between the effective diffusistiand temperature is assumed in the Arrhenius fufrtine
type:
-E
D, =D_ex 2 (8)
« ° F{ RTabs j|

where D0 is the pre-exponential factor of the Arrhenius e (nf/s), Eais the activation energy (kJ/mol),

Ris the universal gas constant (kJ/mol K), aT‘égs is the absolute temperature (K). By taking theurst
logarithm of both sides, the above exponential fafr\rrhenius can be transformed into a linear tabenic

form, Eq. (9):
E
INDgy =InD, —| —= .i 9)
R )T,

ConsequentIyEa can be obtained from the linear plotl6f D against T -
abs

3.0RESULTSAND DISCUSSION

The drying kinetics of okra were determined ateatigiht sample thickness of 10 and 20 mm under open s
solar and hot air drying for average moisture catstérom 809% d.b to 100% d.b(kg water/kg dry nrtteig.
1(a — b) and Fig. 2 (a — c) shows the drying cufeeghe okra slices dried under open sun, solar fzot air
drying respectively. According to Fig.1 (a) and).Fi(b) for open sun and solar drying respectivilyyas
observed that the drying of okra slices with déferthickness has the falling rate period only. M/Hbr hot air
drying (Fig. 2) the drying of okra slices (irrespiee of the sample thickness and drying temperatisralso in
the falling rate period. This indicates that diftusis most likely the dominant physical mechanigoverning
moisture movement within the okra pods. Similaresbations have been reported by Akpinar and Bi2808)
for long green pepper, Doymaz (2005), Sobukola 92Gthd Ismail and Ibn Idriss (2013) for okra, Doyma
(2007) for tomatoes, Tunde-Akintunde and Afon (200 cassava, and Agarry and Owabor (2012) fomban
Irrespective of the drying methods, initial dryirages were generally faster. This observation neagi® to the
higher initial moisture content of the okra. Foe thpen sun, solar and hot air drying, the maximuaymd rate
decreased with higher sample thickness (Fig. 1Rapd?). Fig. 3(a) (open sun), Fig. 3(b) (solaridgy, and Fig.
4(a — c) (hot air drying) shows the dependenceaisture ratio on drying time. As expected for dgyimoisture
content dropped dramatically in the early dryinagst encompassing about one fourth of the ovenad, tand
eventually changed little when close to a MR egleingito moisture content of about 100% d.b. Irlifiathe
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abundance of free water on the product surfaceriboited to effortless moisture liberation. Howeviemnight
become much more difficult to expel water aftervgardvhen the product surface becomes harder due to
shrinkage. Also, it could be observed that dryiingetincreased at a higher sample thickness duedcedsed
drying rate. A similar observation has been regb(Maskan et al., 2002; Agarry and Owabor, 201230Ait is
observed from Fig. 4(a — ¢) (hot air drying) thatidg time decreased with increase in drying terapee due to
higher moisture reduction at a higher temperatlihe drying time ranges between 120 — 192 h for cpen
drying, 72 — 168 h for solar drying and 10 -13 hHot air drying respectively.

(a) open sun drying (b) solar drying
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Figure 1: Drying rate curve for (a) the open suyird) of okra with thickness 10 mm and 20 mm aifj,splar
drying of okra with thickness 10 mm and 20 mm
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Figure 3: Moisture ratio variation with drying tinfier (a) open sun drying of okra, and (b) solarimyyof okra
slices of 10 and 20 mm thickness
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Figure 4: Moisture ratio variation with dryitigne for hot air drying of okra at
(a) 50°C, (b) 60°C, and (c) 70C

3.1 Modelling the drying kinetics

Experimental results of moisture variation withidg/time were fitted to four different drying modéinown in
literature as presented in Table 1. By using the-lirear regression tool of MATLAB 6.5 version couter
software package, the parameters of the differemdats were determined. The model which provided the

highest coefficient of determinatiorRz) and the lowest root mean square error (RMSE) sedected. The

values of R? and RMSE obtained by the non-linear regressionyaisahre summarized in Tables 2, 3 and 4 for
okra slices dried under open sun, solar and hotdgjer respectively. The results in Tables 2, 3 dnd

respectively show that in all cases (different sientipickness), the value dR?was greater than 0.90, indicating

a good fit (Madamba, 2003; Kingsly et al., 200Hlowever, theR? value for the logarithmic model at the
different sample thicknesses under open sun diffiable 2), solar drying (Table 3) and hot air dgyifTable 4)
was comparatively the highest and with the lowegiSE value. Thus, the logarithmic model may be psmgb
to be the best model to describe the drying behafiokra with different thickness dried under opsem, solar
and oven dryer respectively. Similar findings hdneen reported for air drying of organic apple (Baend
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Elicin, 2006), whole figs (Xanthpoulos et al., 2)08weet pepper (vengaiah and Pandey, 2007), aachpe
(Kingsly et al., 2007). The estimated values fa¥ tbgarithmic model parameters are summarized IlrieTa.
The result showed that under open sun and solanglgf okra described by logarithmic model, theidgy
constant ‘k’ and the empirical constant ‘c’ is higlat a higher sample thickness, while the empicicastant ‘a’

is lower at a higher sample size. From Table SHerhot air drying of okra described by the lodariic model,
the result also showed that the drying constantatd the empirical constant ‘c’ parameters of tradeh is
relatively lower at a higher sample thickness; wihithe empirical constant ‘a’ is higher at a higb&e. In
addition, the drying constant ‘k’ and the empiricahstant ‘c’ parameters of the model relativelyréased with
increase in drying temperature; while the empirimahstant ‘a’ decreased with increase in dryingperature.
The drying constant dependence on the drying tesmbyer can be represented through Eq. (10) to E5), (1
respectively:

For hot air-drying of 10 mm okra slices:

a=1164- 00021 ( R%_ 0.98) (10)

c=-0221+ 0003 R?_ 0.97) (11)

k = 0065+ 0000T (R?- g gg) (12)
For hot air-drying of 20 mm okra slices:

a= 2648- 0023 ( R?_ 0.97) (13)

c=-1626+ 0345InT (R?_ ( g9) (14)

k = 0065+ 0002 (R*- ( 97 (15)

The accuracy of the logarithmic model to simuldte trying curves of okra with different thicknessesler
open sun, solar and hot air drying respectively @aduated. In order to mathematically evaluatesthmulation,

the average relative error (%E) and coefficientdetermination Rz) were calculated from comparing the
experimental moisture ratio and those given by pheposed model for the range of sample thicknesses
considered. These results are shown in Table ¢. F-iand Fig. 6 show the representation of the iptexd
(estimated) vs. experimental moisture ratio of akuaing drying through logarithmic model for diféat sample
thicknesses under open sun, solar and hot air giryiespectively. From Table 5, it is observed ttia

coefficient of determination RZ) values are high and the mean relative error (Yeti)es are low below 10%
for all the sample thicknesses studied under open solar and hot air drying. Thus, the logarithmiodel
allowed an accurate simulation of the drying curvskra for the whole range of sample thickne¢38sand 20
mm) studied under open sun, solar and hot air gryiaspectively; therefore, exhibiting a high canlamce
between experimental and predicted (estimated)toreisatio.

Table 2: Values of drying model constants andstiedil parameters for open sun drying of okra

Model Sample Thicksi@sm) R? RMSE
Newton 10 0.9784 0.0375
20 0.9967 0.0334
Page 10 0.9970 0.0150
20 0.9967 0.0155
Henderson and Pabis 10 0.9784 0.0375
20 0.9828 0.0334
Logarithmic 10 0.9977 0.0141
20 0.9980 0.0189
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Table 3:Values of drying model constants and statisticahpeters for solar drying of okra
Model Samphlickness(mm) R? RMSE
Newton 10 0.9778 0.0378
20 0.984 0.0315
Page 10 0.9594 0.0470
20 0.9573 0.0516
Henderson and Pabis 10 0.9778 0.0378
20 0.9840 0.0315
Logarithmic 10 0.9954 0.0204
20 0.296 0.0208
Table 4: Goodness of fit of the different dryingdets for okra hot air drying data
Model Size (mm) Drying TemperaturkC) R?2 RMSE
Newton 10 50 0.9959 0.0167
60 0.9913 0.0241
70 0.9907 0.0258
20 50 0.9848 0.0327
60 0.9933 0.0213
70 0.9889 0.0270
Page 10 50 0.9963 0.0163
60 0.9923 0.0227
70 0.9940 0.0216
20 50 0.9947 0.0199
60 0.9946 0.0198
70 0.9928 0.0226
Henderson and Pabis10 50 0.9970 0.0147
60 0.9936 0.0214
70 0.9936 0.0223
20 50 0.9870 0.0311
60 0.9934 0.0219
70 0.9932 0.0219
Logarithmic 10 50 0.9974 0.0140
60 0.9946 0.0204
70 0.9974 0.0149
20 50 0.9994 0.0066
60 0.9983 0.0114
70 0.9977 0.0133
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Table 5: Logarithmic model constant paramedieics goodness of fit for hot air drying of okra skc

Drying Sample size Drying temperature Model Constants R2 o%E
method (mm) (°c)
a C
k
Open Sun 10 1.272 -0.2493 0.0058 0.9850 0.035
20 1.132 -0.1092 0.0066 0.9980 0.160
Solar 10 1.237 -0.2209 0.0069 0.9954 0.089
20 1.115 -0.1138 0.0071 0.9976 0.062
Hot air 10 50 1.031 -0.0750 0.1041 0.9980 0.018
60 1.011 -0.0419 0.1111 0.9970 0.051
70 0.977 -0.0169 0.1193 0.9990 0.016
20 50 1.509 -0.5230 0.0441 0.9994 0.007
60 1.200 -0.2240 0.0704 0.9990 0.022
70 1.043 -0.1507 0.0891 0.9990 0.006
(a) open sun drying (b) solar drying
12 1.2
2 =)
B o1 m B O1- m
1] 1]
5038 - u 5038 - n
806 " 8 06 | -
gV s r g0 Z
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-9 = (-9 _
[] T T 1 0 T T 1
0 0.5 1 15 0 0.5 1 1.5

Experimental moisture ratio

H10 mm 20 mm

Experimental moisture ratio
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20 mm

Figure 5: A plot of predicted and experimental mais ratio values for (a) open sun drying and (rsdrying
of okra slices of 10 and 20 mm thickness
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Figure 6: A plot of predicted and experimental mais ratio values for hot air drying of okra slices10 mm
and 20 mm thickness at (a)°&0) (b) 66C and (c) 76C

3.2 Effective moistur e diffusivity

The moisture transfer (water transport) during migyivas described by applying the Fick’s diffusioadal. The
experimental drying curves obtained at the differsample thicknesses (10 and 20 mm) under operasdn
solar as well as at different sample thickness dryihg temperature under hot air drying respecyivehs
adjusted to the Fick’s diffusion equation (equatioh The good linear adjustment to this equatiomhwi

coefficient of determination RZ) ranging from 97-99% for the three different methaf drying showed that
drying of okra slices is well represented by th#udion model proposed by Fick and this allowed floe

calculation of the effective moisture diffusivity)y ) at the different sample thicknesses for openasuhsolar

as well as at different sample thickness and hadrging temperature for hot air drying respectyvdlhe results
are presented in Table 6. The results show thagffieetive moisture diffusivity for okra slices Wwithicknesses
(10 -20 mm) ranged from 0.253 to 0.901 x'46¥/s for open sun drying,0.310 to 1.011%i?/s for solar
drying and 3.19 to 14.7 x Tém?/s for hot air drying respectively. These values within the general range 10
1 _ 10°m¥s for drying of food materials (Doymaz, 2005; Kaeullah and Kailappan, 2006; Sacilik and Elicin,
2006; Doymaz, 2007; Hothe et al., 2014). The results in Table 6 showedithedpective of the drying method,
effective moisture diffusivity is higher at a higheample thickness and also increased with incrieaaie drying
temperature. A similar observation has been regofte increase in diffusivity coefficient as airyihig
temperature increases (Rahman and Kumar, 2007;k8lahi2009; Kadam et al., 2011; Khawas et al., 2014
The average effective moisture diffusivity of olglices dried under hot air drying was comparativiiyher
than that dried under open sun and solar dryirgpeetively (Table 6).
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Table 6: Values of effective moisture diffusivityrfopen sun, solar and hot air drying of okra slice
Drying Sample  size Drying temperature Effective moisture diffusivity (D x 100 R?
thod °C
metho (mm) ("C) 10) (mz/s)
Open Sun 10 0.253 0.987
20 0.901 0.994
Solar 10 0.310 0.988
20 1.01 0.991
Hot air 10 50 3.29 0.996
60 3.86 0.987
70 4.76 0.995
20 50 11.4 0.972
60 12.7 0.981
70 14.7 0.993

The activation energy and the Arrhenius constamewetermined from the slope and the y-intercefhe plot

of In Deff against %_ (Fig. 7), respectively, and the values are preskint&able 7.
abs

—202 T T T T T 1

504 - y=-1250x-16.72
R? =0.9952
-20.6

-20.8

In Def‘f

-21.2 - 10 mm
-21.4 4 W20 mm

y =-1800x - 16.26
99 R? = 0.9908

0.00285 0.0029 0.00295 0.003 0.00305 0.0031 0.00315
1/T(K-)

Figure 7: Arrhenius-type relationship between dffec moisture diffusivity and the reciprocal of ahsge

temperature

The Arrhenius constant is a diffusivity constantigglent to the diffusivity at infinitely high tengpature. The
activation energy is the energy barrier that mustovercome in order to activate moisture diffusi&y.

increasing the temperature and hence the dryirgthé energy barrier can be easily overcome laretshould
be a compromise between high temperature and atgdepiroduct quality (Kashaninejad et al., 2007;gtlal.,

2009). The values oD and E, were estimated at 8.68 x 4@¥/s and 14.97 kJ/mol for okra slice of 10 mm

thickness and 5.48 x fan?/s and 10.39 kJ/mol for okra slice of 20 mm thieés1 Thus, the activation energy
is lower at a higher sample thickness. The valdextivation energy lie from 12.7 to 110 kJ/mol foost food
material (Zogzaz et al., 1996). The values obtainetthis present work compares relatively with tlaue of
12.32 — 14.34 kJ/mol obtained for potato by Senadeeé al. (2003), 19.96 kJ/mol for red apple (Kayal.,
2007), and 16.749 and 22.437 kJ/mol for treatedusnticbated okra (Sobukola, 2009), respectively.
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Table 7: Arrhenius constant and Activation energy of slickra
Sample size (mm) Arrhenius constant Activation energy R2
2

DO (m?/s) ( Ea) kJ/mol
10 8.68 14.97 0.990
20 5.48 10.39 0.995

4.0 CONCLUSION

Drying rates and thus drying periods were affettgdample thickness under open sun and solar drgimg as
well as sample thickness and drying temperaturestuhdt air drying, respectively. Higher sample khiess
resulted in higher drying times. The hot air dryimgthod (forced convection air drying) resultedaimigher
drying rate and faster drying time than the opemand solar air drying (natural convection air dgji By using
the semi empirical logarithmic model, sufficientsdgption of the drying curves of okra under open,ssolar
and hot air drying could be obtained and this caajaresent a useful tool for engineering purposhs. Fick’s
diffusion model showed a good linear adjustmenthi experimental results obtained under open svlar s
drying and hot air drying which permitted the estiion of the effective moisture diffusivity. Thetiesated
effective moisture diffusivities ranged from 0.2830.901 x 13°m?/s for open sun drying, 0.310 to 1.011%40
mé/s for solar drying and 3.19 to 14.7 x 0/s for hot air drying respectively. The effectiveoisture
diffusivities increased with air drying temperatddlowing the Arrhenius type relationship. The was for

D,and E, were estimated at 8.68 x 4@/s and 14.97 kJ/mol for okra slice of 10 mm thicsand 5.48 x
10° nf/s and 10.39 kJ/mol for okra slice of 20 mm thieks.
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