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ABSTRACT

This report presents the dehydration characteristics of Taro (Colocasia esculenta) root slices
dried at 65, 75, 85 and 95°C in a fabricated laboratory scale Refractance Window™ dryer;
the Taro root slices were 3.0, 4.5 and 6.0 mm thick. Moisture content and water activity
variation data were taken during the drying operation for the process conditions selected. For
the process conditions studied, the times required to dehydrate the moisture content to 0.11
g-water/g-solid varied between 55 to 260 minutes. For a given slice thickness, the drying
times to reach the 0.11 g-water/g-solid moisture content decreased as the drying temperature
increased. Also, for a given drying temperature, the drying times required to reach the 0.11
g-water/g-solid moisture content increased with slice thickness. The effective moisture
diffusivity varied from 8.14 x 10-08 to 9.53 x10-07 m2/s for the process conditions studied.

KEYWORDS: Taro Roots; thin-layer drying models; drying curves; Refractance
Window™ Dryer; water activity

1.0 INTRODUCTION

Taro, (Colocasia esculenta), also known as cocoyam is a perennial crop,
cultivated for human consumption of its roots. Taro roots are staple foods in
Southeast Asia, Africa, India, China, the Caribbean and the Polynesian islands,
although they are thought to be native to Southern India and Southeast Asia
(Kolchaar, 2006). Taro roots provide about 110 calories per 100g of serving;
they also have a high potassium content - 591mg per 100g of serving (USDA,
2018).
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Taro roots processed into powdered form, are used to prepare many cuisines
around the world (Hudgens and Trillo, 2003). The powder preparation process
is labor intensive; it involves washing, peeling, slicing, sometimes pre-boiling
and dehydrating. The Taro slices are then milled to a powder form. Sun-
drying has traditionally been the dehydrating method (Lancaster et al., 1982).
However, this method may take about 3 to 5 days. There is, therefore, a need to

find a faster drying process producing suitably dry final products.

Presented in this study is the investigation into the Refractance Window™
drying method for drying taro root slices. The Refractance Window™ drying
technique was patented by Magoon (1986) and developed by MCD Technology
Inc., Tacoma, WA, USA.

Operated under atmospheric pressure and temperatures below 100°C (Nindo
and Tang, 2007), the use of Refractance Window™ dryers are emerging as a
promising low-cost drying method appropriate for dehydrating food and agro-
products (Ochoa-Martinez et al., 2012). The growing use of the Refractance
Window™ drying technology is due to the fact that the 3 modes of heat transfer
are employed to dehydrate the food sample, conduction from the plastic sheet,
thermal radiation from the hot water through the plastic sheet and convection

at the top surface of food material (Ortiz-Jerez et al., 2015).

Many researchers have investigated the use of the Refractance Window™
dryer in dehydrating foods. Pumpkin purée was dried by Nindo et al. (2003) in
a Refractance Window™ dryer to evaluate the energy efficiency and study the
extent of the microbial reduction. The experiments indicated that the moisture
content on a wet basis, reduced to 5% from 80% in less than 5 min. The results
showed that Refractance Window™ dryer is energy efficient, and is effective in

reducing microbial proliferation.

Abonyi et al, (2002), evaluated the ascorbic acid and color retention
characteristics of strawberry and carrot purees dried using the Refractance
Window™ drying and the freeze drying methods. Ascorbic acid retention of the
strawberry purees (94.0%) after Refractance Window™ drying was comparable
to 93.6% in freeze-drying. The colour of the Refractance Window™ dried
carrot purees was akin to that of fresh puree. For Refractance Window™ dried

strawberry purees, the color retention was similar to freeze-dried products.
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The Refractance Window™ technique was used in drying purees and juices
prepared from fruits, vegetables, and herb; Nindo and Tang (2007) observed
that the purees and juices dried to about 4% moisture content within 3-5

minutes when the water temperature in the flumes was about 95 — 97°C.

Zotarelli et al., (2015), investigated the effect of process variables on the drying
characteristics of mango pulp by Refractance Window™ drying. For process
conditions in which the mango pulp thickness was 2, 3 and 5mm, water bath
temperature of 75, 85 and 95°C, and the Mylar film was either transparent or
painted; the radiation energy was higher with the transparent film than the
black painted Mylar film. The change in colour values was higher with the
oven-dried kiwifruits than the Refractance Window™ dried samples, and the

drying rate increased with the water bath temperature.

Tontul and Topuz, (2017), investigated the effect of drying pomegranate leather,
pestil, by microwave-assisted drying (MWD) and by the Refractance Window™
drying methods on some physicochemical properties. They concluded that the
Refractance Window™ drying provided higher ascorbic acid and anthocyanin
content, and lower content of 5-hydroxymethylfurfural, and the Refractance
Window™ drying technique are the most promising processing methods for

high-quality pestil production with a high content of bioactive compounds.

Akinola et al., (2018b) dehydrated 3.0mm thick ginger slices in a laboratory
scale Refractance Window™ dryer; they indicated that the ginger root
slices dried to a moisture content of 0.1g H,O/g solid on a dry basis in about

210 minutes.

To model dryers, and to perform the proper calculations for the design of
dryers, knowledge of the characteristics of the dryer, and the product being
dehydrated is required. This work presents the study of the effect of different
process conditions on the drying curve of Taro roots slices using a Refractance
Window™ dryer. The moisture diffusivity, of the dried Taro root slices, are
estimated, the variation in the moisture content and the water activity of the

Taro root slices are presented.
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2.0 METHODS AND MATERIALS
21 Drying Apparatus

The dehydration of Taro (aka Cocoyam) root slices was performed on a
fabricated laboratory scale Refractance Window™ dryer. The apparatus had
similar components to those used by Akinola and Ezeorah (2018) and Ezeorah
(2018). Figure 1 shows a schematic diagram of the drying apparatus. The drying
apparatus consists of a rigid stainless steel shallow rectangular container, 1.0
meter in length, 0.5 meters wide, and 75 mm deep. The stainless steel container
was 1 cm thick. The stainless steel container was filled with water, and it was
covered with a transparent polyethylene terephthalate (PET) Mylar plastic film
which was 0.15 mm thick. The PET Mylar plastic film covering was held in
place with metal brackets and arranged so that the coverings lower surface was
always in contact with the water. The water in the drying apparatus was heated
using a 2.5 kW heater, which was controlled using a BAYITE BTC211 Digital
Temperature Controller (Shenzhen Bayite Technology Co., Ltd., 2018). A hood
covered the drying apparatus, and an extractor fan in the hood removed the
moist air during operation; this was to ensure that the moist air does not inhibit

the drying process.

Stainless Steel Exhaust
Hood —_
Vapour and Air
Vent
ent /
Taro! / Ajy draft
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—s Taro Slices.

Heated Watel \pET
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film

Figure 1 A Schematic Diagram of a Refractance
Window Dryer (Akinola et al., 2018a)
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2.2 Measurements

The moisture content and weight of the cocoyam slices, both before and after the
drying operation were measured using a Moisture Analyser (MB45, OHAUS,
Parsippany, NJ, USA). The thickness of the cocoyam slices was determined
using a digital Vernier calliper (+0.02 mm) (Mitutoyo, Waterbury, CT, US).
Type K thermocouples (The Digi-Sense® Type K, Oakton Instruments, Vernon
Hills, IL, USA) was used to measuring the temperature in the equipment to an
accuracy of 0.1°C. The water activity of the dehydrated slices was determined
water activity meter which had an accuracy of +0.02 (Pa,kit, Deacon Devices,
Pullman, WA, USA).

2.3 Sample Preparation and Experimental Procedure

Taro roots used in this study were bought from a local market. The roots have
an oblong shape, and were between 7cm to 15cm in length, and had diameters
between 2.5 and 5.0cm. The Taro roots tubers were cut into slices 3.0, 4.5 and
6.0mm thick, using a Mandolin slicer (SKU 1155700V2, OXO, Chambersburg,
PA, USA), and then carefully cut into 2.54cm squares with a sharp knife. Thin
slices were used because thicker slices take a relatively long time to dry (Azizi
et al.,, 2017), which is a feature that is not desired. Also, the size range of Taro
root slices selected for this study is within the 1.0 - 6.0mm slice sizes for most
experiments done in the literature (Madamba et al., 1996; Azizi et al., 2017).

For 3.0, 45 and 6.0mm thick slice sizes, dehydration experiments were
performed with water temperatures of 65°C, 75°C, 85°C, and 95°C in the
Refractance Window™ dryer. Therefore, a total of 12 sets of experiments
were preformed. As indicated by Akinola et al. (2018a, 2018b), the upper-
temperature limit of 95°C was selected to be slightly lower than the maximum
possible operating temperature (100°C) for a Refractance Window™ dryer. The
lower drying temperature of 65°C was chosen to avoid a relatively long drying
time. The 75°C and 85°C temperatures were picked to enable a proper study of

the drying kinetics within the lower and upper temperatures boundaries.

The initial moisture content of the Taro root slices, determined using the
OHAUS Moisture Analyser (OHAUS Corporation, 2011), was 68% on a wet
basis. A dozen sets of experiments were performed, each for a combination of

a temperature and a slice thickness. The drier was started and allowed to attain
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the desired temperature before loading of samples on the heated transparent
polyethylene terephthalate (PET) Mylar plastic film. Approximately 700gm of
Taro slices was loaded on the plastic film in a thin-layer. At 5-minute intervals,
during the experiments, approximately 5gms 3 times of Taro slices were
removed from the dryer, and their moisture content determined. All drying

operations were performed 3 times.

24 Experimental Environment

Over the several days of experimentation, the ambient temperature in the
laboratory, ranged from 29 to 31°C, while the humidity varied between 53 to
62%. During the drying operations, the surface of the dryer was exposed to
ambient conditions with a draft of air of about 1 m/s over the drying surface.
The draft of air was to ensure that the evaporating moisture did not inhibit
the dehydration process. The relative humidity and temperature ranges were
measured using a Thermo-Hygrometer Moisture Meter (Model RH700, Omega
Engineering, Inc., Stamford, CT, USA).

2.5 Moisture Ratio Relationships

The moisture ratio after any given drying period was determined using
Equation 1 (Sharifian et al., 2012; Torki-Harchegani et al., 2016; Manzoor et al.,
2017).

3 MC,-MC, 1)
MC, -MC,
Where

MC; is the moisture content of cassava after drying for time t;
MC. is the equilibrium moisture content of dried cassava and
MG, is the initial moisture content of fresh cocoyam all in the unit of kg

of water removed/kg of solids.

Many relationships known as the thin-layer drying models, exist between
moisture ratio (MR) and the drying time, t. These thin-layer drying models are
discussed extensively in literature (Erbay and Icier, 2010; Kucuk et al., 2014;
Ezeorah, 2018). However, 9 common thin-layer drying models used in the
dehydration of roots, corms, bulbs, fruits, and vegetables were used in this
study are presented in Table 1.
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Table 1 Thin-layer drying models used for this study.

S/N  Model Names Models Reference

1. Newton MR =exp (- kt) (Ayensu, 1997)

2. Page MR = exp (- kt") (Page, 1949)

3. Modified MR =aexp (—kt) + (Karathanos, 1999)
Henderson and b exp (- gt) + c exp (- ht)

Pabis

4. Logarithmic MR =aexp (—kt)+c (Togrul and Pehlivan, 2003)
Demir et al. MR =aexp (-kt)"+b (Demir et al., 2007)

Verma et al. MR =aexp (—kt) + (Akpinar, 2010)
(1-a)exp (—gt)

7. Weibull MR =a—b exp (- kot") (Tzempelikos et al., 2014)
Peleg MR=1-t/(a+bt) (da Silva et al., 2015)
Haghi and MR =aexp (-bt)) +dt?+et +f (Haghi and Ghanadzadeh,
Ghanadzadeh 2005)

Also, the relationship between moisture ratio (MR) and the effective moisture
diffusivity, (D), as proposed by Crank (1975) for the Fick’s second law of

diffusion is shown in Equation 2.
(2n+1)2n2Defft)

8w 1 ’
MR = — E — 4L
2 (2n + 1)? ¢
n=0

where,

()

MR is the moisture ratio,

D, (m?s™) is the effective moisture diffusivity,
L (m) is the sample thickness and,

t is the drying time (s).

However, for long drying periods, Eq. (3) can be simplified to only the
first term of the series and written as,
g - (nzDe ; ft>

2
MR =—e \ 4
2

(©)

2.6 Determination of the Effective Moisture Diffusivity

The relationship between moisture ratio (MR) and effective moisture diffusivity,
(D.g), presented in equation 3 is used to estimate the moisture diffusivity. A

linearized form of Equation 3 is given in Equation 4.
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T[ZDefft
412

In(HR) = in 8 )- (4)

m?
Using the moisture content dehydration data, a simple linear regression
analysis between —In(MR) and drying time, t, gives a slope of k, from which D4
can be obtained according to the Equation 5.
7D,

ky ===~ 5
d 4L2 ( )

2.7 Evaluation the Moisture Ratio and Drying Time Relationship

The thin-layer drying models are evaluated by fitting the experimental drying
data to the models presented in Table 1. The thin-layer drying model that
best describes the drying data of the cocoyam slices is the one which satisfies
the following three statistical criteria. The criteria are that the coefficient of
determination (R?), be closest to unity, the sum-of-square-error (SSE), and the
root-mean-square-error (RMSE) be closest to zero. The method of estimating
R?, SSE and RMSE and the reason for them being to assert the best fit of
relationships are discussed extensively in literature (Ogunnaike, 2011; Chail
and Draxler, 2014; Johnson, 2017). This method of evaluation has been used in
work done on drying characterization of agricultural food products (Ertekin
and Yaldiz, 2004; Kabiru et al., 2013, Sanful et al., 2015; Akinola et al., 2016).
The Matrix Laboratory software (MATLAB) was used to perform the statistical
analysis (MathWorks, (2016).

2.8 Water Activity Measurement

During the drying process, variation in the moisture content and water activity
data of the cocoyam slices was measured. The water activity of the cocoyam
slices was measured using the Pa,Kit. The Pa,Kit is a Portable water activity
meter developed by Deacon Devices Pullman, Washington, USA. Pa,Kit
determines water activity with an accuracy within +0.02. Food and agro
products with high water activity values are susceptible to microbial/fungal
spoilage. Hence, the water activity of the dehydrating product was monitored

during the drying process.
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3.0 RESULTS AND DISCUSSION
3.1 The Drying Curves

Plots of the variation of moisture ratio with time, for the different Taro root
slice thicknesses, at 65, 75, 85, and 95°C are shown in Figures 2, 3, 4, and 5
respectively. The plots in Figures 2 -5 show that for any given water temperature
in the Refractance Window™ dryer, the moisture ratio of the slices decreased
exponentially with time. Meanwhile, as the Taro slice thickness increased from
3.0 mm to 6.0 mm, an increase in drying time occurred. This is because, as the
slice thickness increases, there is an increase in the amount of moisture that has

to be removed from the slice. Therefore, the drying process is prolonged.

From the drying curves presented in Figures 2 to 5, the drying times required to
dehydrate the Taro slices to 0.10g-water/g-solid increases with increasing slices
thickness for a given temperature. Also, as the drying temperature increases,
the drying times decreases for a given slice size; this is consistent with work
done on yams and carrots (Akinola et al., 2016, Akinola et al., 2018a). Table 2
presents quantitative values of the drying times for different Taro slice sizes at

different temperatures.

luu 8 1.00 v
0.90 nen
® 3.0 mm o
0.80 * 45 mm 0.80
0.70 - & 6.5 mm 070 d &
o o o : m 3.0mm
= 0.60 _=.- E:_E: -.l ® 45 mm
2:5:__l. Yoo | e, 4 6.0mm
2 2
2 onan ., L. e
R g:.f_: "
& &
0.30 0.20 ",
LY o
020{ " 0.20 =, Y
L] LY
0.10 - . 0.10 . ‘
"l_ *ae . ." . Heau ] . .
0.00  Den : , oo Mgt ¢ o .
AR T T T 1
0 100 200 300 400 p 100 200 200 400
Time {mins) Time (mins)
Figure 2 Drying curves for Figure 3 Drying curves for
different Taro root slices at 65°C different Taro root slices at 75°C

ISSN: 2180-3811 Vol.10 No.2 July - December 2019 129



Journal of Engineering and Technology

1.00 = 1.00 =
0.90 .20 4
— 0.80
o - 8 3.0 mm
070 0.70 A L e
0.70 - - ® 4.5 mm
o i 2
E 060 _.. " 3.0 mm w060 4 a a 6.0 mm
o ® 45 mm = -
= 0.50 _‘. a 5.0 mm ] 0.50 ."
2 by I .
001, 20w
030 { =% 0309 u e
L .
0.0 . 0.20
0.20 1 . * N m Aa
] ~an
pa0 |  w M. 0.10 1 e
n ., LY R LT T . #& & 4 4 o4
non - . i T T 1
0 100 200 300 400 ] 1 200 e
Time (mins) Time {mins)
Figure 4 Drying curves for different Figure 5 Drying curves for different
Taro root slices at 85°C Taro root slices at 95°C

Table 2 Drying Times for Different Taro Slice Sizes at Different Temperatures

Temperature
Size 65°C 75°C 85°C 95°C
3.0 mm 95 minutes 85 minutes 75 minutes 55 minutes
4.5 mm 175 minutes 145 minutes 120 minutes 85 minutes
6.0 mm 260 minutes 250 minutes 190 minutes 100 minutes

3.2 Moisture Ratio and Drying Time Relationship

The thin layer drying model that best describes the relationship between
moisture ratio and drying time, the drying kinetics, was determined by fitting
the experimental drying data to the models presented in Table 1. The thin-
layer drying model that best describes the drying kinetics of the Taro slices is
the one in which the following three criteria are satisfied. The criteria are: the
coefficient of determination (R?) is to be closest to unity, the sum of square-
error (SSE) and the root mean-square-error (RMSE) are closest to zero (Ertekin
and Yaldiz, 2004; Kabiru et al., 2013, Sanful et al., 2015; Akinola et al., 2016,
2018b). The method of estimating R? SSE and RMSE are discussed extensively
in literature (Ogunnaike, 2011; Johnson, 2017), and have been used in works on
drying kinetics of agricultural food materials (Ertekin and Yaldiz, 2004; Kabiru
et al., 2013, Sanful et al., 2015; Akinola et al., 2016). The Matrix Laboratory
software (MATLAB) was used to perform the statistical analysis.
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The results of the statistical analysis for fitting the thin-layer drying models are
presented in Tables 3 — 5. For the 12 sets of experiments performed, all the 9
models were observed to fit the experimental data with a coefficient of variance
R?, greater than 0.96. However, the Haghi and Ghanadzadeh (2005) thin-layer
drying model was found to fit because it had an R* value closest to unity. The
constants obtained for the Haghi and Ghanadzadeh model at different slice

sizes and drying temperature are presented in Table 6.

3.3 Validation of Selected Models

To establish that the Haghi and Ghanadzadeh (2005) thin-layer drying model
best fits the drying kinetics, the relationship between the predicted (PMR) and
experimental moisture ratio (EMR) values was determined. Table 7 shows that
in all cases, the linear relationship had slopes close to unity and intercepts close
to zero. Also, in all cases, the coefficient of variance (R?), was greater than 0.99
(Table 7). The implication is that there was no significant difference between the
experimentally determined and the predicted moisture ratios for the process
conditions considered, when modelling using the Haghi and Ghanadzadeh

(2005) thin-layer drying model.

3.4 Estimating the Effective Moisture Diffusivity

The effective moisture diffusivity, D.s, was estimated using equation 2. The
moisture content of the dehydrated taro slices was converted to moisture ratio
(MR) using equation 1. By performing a simple linear regression between
—In(MR) and the drying time for the process condition considered, the slope,
kq, is obtained, and the effective moisture diffusivity, D.g, is estimated using
equation 3. The linear relationship between MR, and drying time, t, is presented
in Table 8. Table 8 also presents the correlation coefficients, R?, obtained by
performing simple linear regression, so is the effective moisture diffusivity,
D at a given temperature. Table 8 shows that at a given temperature, the

values of D.g increase with increase in slice size.
Table 9 presents the effect of temperature on the effective moisture diffusivity,

D.s, at a given slice size. The Table shows that at a given slice size, the value D,

increase with increase in drying temperature.
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For comparing the results obtained, no documentation was found in the
literature for the effective moisture diffusivity of Taro (cocoyam) slices in
a Refractance Window™ dryer. However, the 8.14 x 10 to 9.53 x 10" m?/s
effective moisture diffusivity values obtained in this study, is within the range
of 8.20 x 10™ to 1.17 x 10% m?/s values obtained for Moisture diffusivity of
foods and agro-products in a review by Panagiotou et al., (2004).

3.5 Variation of Water Activity

The variation in moisture content and water activity, a,, is presented in
Figure 6. The variation indicates that at a water activity of 0.5 the moisture
content is about 0.1 g-water/g-solid. At a water activity, a,, of below 0.6,
there is no possibility of microbial proliferation (LABCELL, 2017). The
implications if that by dehydrating Taro slice to a moisture content of

0.10 g-water/g-solid microbial proliferation can be avoided.
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Table 3 Results of Statistical Analysis For 3.0 mm Taro Slices
at Different Temperatures

3.0mm
65°C 75°C 85°C 95°C
SIN Model SSE R’ RMSE SSE R’ RMSE SSE R! RMSE SSE R’ RMSE
1 Haghi and Ghanadzadeh Model | 0.011 0.988 _ 0.028 0.011 0988 _ 0.031 0.005 0.994  0.025 0.003 0.996  0.019
2 Verma et al Model 0.010 0.991 0.025 0.014 0.988 0.031 0.014 0988 0.034 0.003 0.996 _ 0.018
3 Diffusion Approach Model 0.010 0991 _0.025 0.014 0988 0.031 0014 0988 0.034 0.003 0996  0.018
4 Two-Term Model 0.010_0.990 0.025 0.014 0.987 0.032 0.014 0987 0.035 0.003 0.996 _ 0.019
5 Mgg'c?ewa“ders""a“dpab‘s 0.010 0989 0027 0.014 0985 0.034 0008 0991 0.030 0.003 0995 0.022
6 Page Model 0.018 0985  0.032 0.019 0985 0.034 0018 0986  0.037 0.003 0997 0.017
7 Weibull Model 0.018 0.985  0.032 0.019 0.985 0.034 0.018 0986 0.037 0.003 0.997 0.017
8 Two-Term Exponential Model | 0.022 0982 0.035 0.015 0.988 _ 0.031 0.021 0984 0.040 0.003 0.997 0.018
0 xgg;?CdPagCEqua“"“H 0.018 0.984 0033 0.019 0984 0035 0018 0985 0.039 0.003 0997 0.018
Table 4 Results of Statistical Analysis For 4.5 mm Taro Slices
at Different Temperatures
4.5mm
65°C 75°C 85°C 95°C
SIN Model SSE R? RMSE | SSE R? RMSE | SSE R? RMSE | SSE R? RMSE
1 Haghi and Ghanadzadeh Model 0.011__ 0986 0.034 | 0.010_ 0984 0033 | 0.005_ 0993 0.023 | 0.056 0.924 _0.089
2 Verma etal Model 00100990 0029 | 0.013_0.979 0038 | 0.006_0.994 0.022 | 0.029 0.972_0.054
3 Diffusion Approach Model 0.010_0.990 0029 | 0.013_0.979 0038 | 0.006_0.994 _0.022 | 0.029 0.972_0.054
4 Two-Term Model 00100989 0030 | 0.013_0.977 0040 | 0.006_0.993 0022 | 0.029 0.969 _0.057
5 mggﬁe‘m“ders"“ and Pabis 0010 0987 0033 |0.018 0972 0044 |0.030 0960 0055 |0.007 0991 0.031
6 Page Model 0.015 0.986 0.034 0.039 0.956 0.055 0.016 0.984 0.034 0.034 0971 0.055
7 ‘Weibull Model 0.015 0.986 0.034 0.039 0.956 0.055 0.016 0.984 0.034 0.034 0971 0.055
8 Two-Term Exponential Model 0.027 0.975 0.046 0.082  0.909 0.079 0.021 0.980 0.038 0.034 0970 0.056
9 Modified Page Equation IT Model 0.015 0.985 0.035 0.039 0953 0.057 0.016 0983 0.035 0.034 0968 0.058
Table 5 Results of Statistical Analysis For 6.0 mm Taro Slices
at Different Temperatures
6.0mm
65°C 75°C 85°C 95°C
SIN Model SSE R’ RMSE SSE R’ RMSE SSE R’ RMSE SSE R’ RMSE
| Haghi and Ghanadzadeh Model 0.004 0994 0.021 _ 0.023_ 0965 0.053 _ 0.003_ 0.995 0.017 _ 0.005 0.993 0.026
2 Vermaetal Model 0.005_0995 0019 _ 0.027_0.969 0.050 _ 0.005_0.995 0.018 _ 0.007_0.993 _0.025
3 Diffusion Approach Model 0.005_0995 0019 _ 0.027_0.969 0050 __0.005_0.995 0.018 _ 0.007_0.993 0.025
4 Two-Term Model 0.005_0994 0020 _ 0.027_0.966_0.052 _ 0.005_0.994_ 0.019 _ 0.007_0.93 _0.026
s mgg‘eﬁ‘e”"‘“d“s"“ and Pabis 0.005 0993 0022 0026 0959 0057 0005 0993 0020 0.007 0991 0.029
6 Page Model 0029 09710046 _ 0.032_0967 0051 _ 0.021 0977 0038 _ 0.006_0.994 0.023
7 Weibull Model 0029 09710046 _ 0.032_0.967 0051 _ 0.02] 0.977 0.038__ 0.006_0.994 0.023
8 Two-Term Exponential Model 0.124_ 0879 0.094 _ 0.088 0908 0.086 _ 0.139_ 0.849 0.096 _ 0.007 0.994 0.024
9 Modified Page Equation Il Model | 0.020 0969 0.048 0032 0964 0054 0021 0975 0039 0006 0994 0024
Table 6 Evaluated Constants for the Haghi and Ghanadzadeh for Taro Drying
at Different Temperature and Sizes
S/N Parameters Constant
Temperature (°C) Slice Size M b ¢ d . f
(mm)
3.0 9.56E-01 1.66E-01 427601 1.46E-05 3.89E-03 424E-02
1 65 15 I.I7EF00 __ 8.23E02 __ 5.08E-01 2.80E-06 “1.06E-03 1.73E-01
6.0 6.89E-01 5.84E-01 1.59E-01 2.97E-06 2.30E-03 3.11E-01
3.0 8.87E-01 122E-01 453601 2.74E-05 6.59E-03 1.12E-01
2 75 45 4.08E-01 5.20E-01 8.80E-01 1.05E-05 4.94E-03 5.94E-01
6.0 5.07E-01 734E02__ 9.27E-01 1.88E-06 2.00E-03 4.86E-01
3.0 4.17E-01 300604 2.80E100 _ 3.84E-05 9.36E-03 5.82E-01
3 85 4.5 2.11E+00 1.02E-01 1.62E-01 1.79E-05 -6.15E-03 -1.11E+00
6.0 8.30E-01 5.16E-01 2.09E-01 2.59E-06 177603 1.70E-01
. 05 3.0 1.52E400 __ 339E-02 ___ 9.36E-01 “1.27E-05 5.43E-03 5.21E-01
4.5 1.43E+00 1.59E-01 1.25E-01 3.01E-05 -8.53E-03 -4.68E-01
6.0 I8IEF00 23402 8.84E-01 “1.09E-05 5.72E-03 8.14E-01
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Table 7 Experimental and predicted moisture Ratio at different temperatures

S/N TemgeCr;lture Slice Size Relationship R?
3.0 PMR = 0.9906EMR + 0.0020 0.9909
1 65 4.5 PMR = 0.9903EMR + 0.0034 0.9909
6.0 PMR = 0.9960EMR + 0.0012 0.9960
3.0 PMR = 0.9915EMR + 0.0019 0.9914
2 75 4.5 PMR = 0.9905EMR + 0.0029 0.9895
6.0 PMR = 0.9783EMR + 0.0079 0.9782
3.0 PMR = 0.9961EMR + 0.0010 0.9960
3 85 4.5 PMR = 0.9950EMR + 0.0017 0.9952
6.0 PMR = 0.9968EMR + 0.0008 0.9966
3.0 PMR = 0.9974EMR + 0.0004 0.9978
4 95 4.5 PMR = 0.9868EMR — 0.0273 0.9958
6.0 PMR = 0.9955EMR + 0.0011 0.9956

Table 8 Effect of Slice Size on the Effective Moisture
Diffusivity at a Given Temperature.
SN Drying Slice Size Relationship R? Desr (m?*/s)
Temperature
3.0 mm -In(MR65) = 0.0192t + 0.3674 0.9682 8.06E-07
1 65°C 4.5 mm -In(MR65) = 0.0122t+ 0.1854 0.9843 1.01E-07
6.0 mm -In(MR65) = 0.0075t + 0.4147 0.9739 1.53E-07
3.0 mm -In(MR75) = 0.0255t + 0.1112 0.9841  8.14E-08
2 75°C 4.5 mm -In(MR75) =0.0163t + 0.1555 0.9717 1.28E-07
6.0 mm -In(MR75) = 0.0090t + 0.2457 0.9583 1.48E-07
3.0 mm -In(MR85) = 0.0322t + 0.0160 0.9847 9.53E-07
3 85°C 4.5 mm -In(MR85) =0.0181t + 0.1143 0.9898 1.36E-07
6.0 mm -In(MR85) =0.0107t + 0.4151 0.9760  2.35E-07
3.0 mm -In(MR95) = 0.0368t + 0.2031 0.9296 1.23E-07
4 95°C 4.5 mm -In(MR95) = 0.0246t - 0.0248 0.9817 1.56E-07
6.0 mm -In(MR95) = 0.0160t + 0.3538 0.9663 2.78E-07
Table 9 Effect of Temperature on the Effective Moisture
Diffusivity at a Given Taro Slice Size
S/N  Slice Size Drying Relationship R?  Desr (m?/s)
Temperature

65°C -In(MR65) =0.0192t + 0.3674  0.9682 8.06E-07

1 3.0 mm 75°C -In(MR75) =0.0255t+ 0.1112  0.9841 8.14E-08

' 85°C -In(MR85) =0.0322t + 0.0160  0.9847 9.53E-07

95°C -In(MR95) = 0.0368t + 0.2031  0.9296 1.23E-07

65°C -In(MR65) =0.0122t+ 0.1854  0.9843 1.01E-07

5 45 mm 75°C -In(MR75) =0.0163t+ 0.1555 0.9717 1.28E-07

' 85°C -In(MR85) =0.0181t+ 0.1143  0.9898 1.36E-07

95°C -In(MR95) = 0.0246t - 0.0248  0.9817 1.56E-07

65°C -In(MR65) = 0.0075t + 0.4147 0.9739 1.53E-07

3 6.0 mm 75°C -In(MR75) = 0.0090t + 0.2457 0.9583 1.48E-07

' 85°C -In(MR85) =0.0107t + 0.4151  0.9760 2.35E-07

95°C -In(MR95) = 0.0160t + 0.3538  0.9663 2.78E-07
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4.0 CONCLUSION

Slices of Taro roots, 3.0, 4.5 and 6.0 mm thick were dried in a Refractance
Window™ dryer in which the dehydrating water temperature was 65, 75, 85,
and 95°C. The Taro root slices were determined to have an initial moisture
content of 2.16 g-water/g-solid, and they were dehydrated to a moisture ratio
of about 0.1 g-water/g-solid. Variation in moisture content with dehydration
time of the samples was recorded during the drying operations. Also, variation
in water activity with dehydration time of the samples was recorded during the
drying operations. The following conclusions can be made. Taro root slices 3.0
— 6.0 mm thick, dehydrated at 65 — 95°C in a Refractance Window™ dryer, can
be dried to about 0.1 g-water/g-solid in about 55 to 260 minutes. The moisture
diffusivity during dehydration under these process conditions varied between
8.14 x 10" and 9.53 x 10" m?s-1. At a moisture content of about 0.1 g-water/g-
solid the water activity of Taro root slices water about 0.5. At a 0.5 water activity

value, there can be no microbial proliferation within the root slices.

The drying curve is an important characteristic used in the design and
modelling of dryers in the food industry. The water activity is also essential
to know what level of dehydration is required to stop microbial proliferation.
As limited literature was found on the drying characteristics for Taro roots in a
Refractance Window™ dryer, this work presents these characteristics, and they

will be useful for designing, modeling and operating such equipment.
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