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Inspection of the drying kinetics for spaghetti squash (Cucurbita Pepo L.)

Summary

The aim of this work was to examine the drying kinetics of spaghetti squash (Cucurbita pepo L.) under the different
temperature and air velocities with tray dryer. Drying process was carried out by placing the samples into the tray
dryer at temperatures of 40; 50; 60 and 70 °C and air velocities of 1; 1.4 and 1.8 m/s with an initial thickness of the
samples 0.6+0.2 mm. Examination of drying kinetics of spaghetti squash was carried out by testing the
conformance of Newton Page Henderson, Modified Page, and Pabis Logarithmic Two - term exponential Two -
term, Diffusion approach Modified Henderson and Pabis, Verma and Midilli which were widely used in food drying.
Nonlinear regression was used for calculating the goodness of fit and model coefficients. Goodness of fit was
determined according to the comparison of the regression coefficient, sum of squares error and reduced chi-square.
As a result of the statistical analysis, it was found that Midilli was the best model which describes the drying
kinetics. Effective diffusion coefficient (Dey) was varying from 4.15-10-19 to 2.04-10° m?/s with respect to the drying
temperatures. The relationship between drying temperature and effective diffussion coefficients was confirmed by
the Arrhenius theory for all air velocities.

Keywords: Cucurbita pepo L, moisture ratio, drying kinetics, thin layer drying
Wyznaczanie kinetyki suszenia dla dyni makaronowej (Cucurbita Pepo L.)

Streszczenie

Celem pracy byto wyznaczenie kinetyki suszenia dyni makaronowej (Cucurbita pepo L.) dla réznych temperatur
i predkosci powietrza. Proces suszenia przeprowadzono przy temperaturach 40, 50, 60 i 70°C i predkosciach
powietrza 1, 1,4 i 1,8 m/s. Prébki o grubosci 0,6 + 0,2 mm umieszczano na tacach suszarniczych. Do opisu kinetyki
suszenia dyniowego spaghetti zastosowano matematyczne modele Newtona, Page, Modified Page, Hendersona
i Pabisa, Logarithmic, Two term, Exponential Two term, Diffusion Approach, Modified Henderson i Pabis, Verma
i Midilli, ktére sq powszechnie uzZywane w suszeniu zywnosci. Wspétczynniki dopasowania i wspétczynniki modelu
okroslono na podstawie regresji nieliniowej. Poprawnos¢ dopasowania okreslono w oparciu o poréwnanie wspot-
czynnika regresji, sumy btedéw kwadratéw i zredukowanego chi-kwadrat. W wyniku analizy statystycznej
stwierdzono, ze Midilli byt najlepszym modelem opisujgcym kinetyke suszenia. Wspétczynnik skutecznosci dyfuzji
(Do) miescit sie w przedziale od 4,15-101° do 2,04-10° m?/s w odniesieniu do temperatur suszenia. Zaleznos¢
pomiedzy temperaturq suszenia a wspéitczynnikiem dyfuzji zostata potwierdzony teoriq Arrheniusa dla wszystkich
przyjetych w planie badan predkosci powietrza.

Stowa kluczowe: Cucurbita pepo L, wilgotnos¢, krzywa suszenia, suszenie cienkowarstwowe

Nomenclature
a - Semi empirical model Difusion approach constant; Defr - Effective moisture diffusivity;
b - Semi empirical model Difusion approach constant; Eq - Activation energy [k]/mol];
¢ - Semi empirical model Difusion approach constant; L - Half thickness [m];
g - Semi empirical model Difusion approach constant; M - Moisture content of the product [kg water/kg dry matter];
h - Semi empirical model Difusion approach constant; Me.- Equilibrium moisture content of the product [kg water/kg dry matter];
k - Semi empirical model Difusion approach constant; Mo - Initial moisture content of the product [kg water/kg dry matter];
ko- Two term difusion model rate constant MR - Fractional moisture ratio;
ki1 - Two term difusion model rate constant N - Number of observations;
n - Semi empirical difusion model exponential constant R - 1deal gas constant [8.314 ] /molK];
t - Time [h]; R? - Coefficient of determination;
u - Number of terms; RMSE - Root of Mean Square Error;
z - Number of constants; x2 - Reduced chi-square;
Dy - Arrhenius difusion constant; a - Slope of In MR-t graph.
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Introduction

Although it is of great economic and environmental concern,
the majority of the by-products of agricultural production
and those residues wasted during and after this production
can not be utilized in an efficient way.

The spaghetti squash which is cultivated in Turkey and
which can not be valorized except for its seeds is included in
this category of the referred agricultutral wastes. Wastes
(mesocarp and epicarp) of spaghetti squash have higher
carotenoid content. Consequently, spaghetti squashes are
valuable sources of carotenoids.

In Turkey, spaghetti squash is cultivated widely in thrace
region and in central Anatolia region in substantial amounts
for nuts production. The main species which are produced
particularly for this purpose are spaghetti squash (Cucurbita
pepo L.), buttercup squash (C. maxima) and butternut squash
(C. moschata). The seeds of these species might be grown for
nuts production. However the mostly preferable species for
cultivation is spaghetti squash (Cucurbita pepo L.)
(Menemencioglu et al.,, 2013).

A considerable amount of waste arises from nuts production
of Cucurbita pepo L after the removal of its seeds. The total
amount of skin, pulp and seeds builds up 92-95% of its
composition. The scientific studies reveal that these wastes
contain bioactive compounds in substantial amounts.
Nevertheless, they are used as animal feed and fertilizers
inspite of their nutritive and highly added value (Agcam and
Akyildiz, 2015). There is also a limited use of spaghetti
squash since it is difficult to store this fruit for a long time
due to its high moisture content. Therefore, application areas
can be enhanced by drying known as one of the main food
preservation methods.

Drying helps to improve the transportation and storage
characteristics of the food material by the considerable
reduction in its moisture content and thus prevention from
microbial spoilage and the decline in the rate of other
degradation reactions. Drying process should be so
performed that it will lead to a minimal damage in the
structure and quality of the food product (Singh and
Heldman, 2015). For this reason, plenty of various dryers are
designed in order to meet several requirements of drying
process specific for each type of food (Yagcioglu, 1999).

The equipment used for drying of some fruits and vegetables
in small particles can be categorized as cabinet dryers,
tunnel dryers, conveyor type dryers and fluidized bed dryers
(Cemeroglu, 2011).

Drying is also a complicated process which includes both
heat and mass transfer (Sahin ve Dinger, 2005). From the
engineering perspective, it is essential to comprehend the
control parameters of this complicated process. The
mathematical modelling of drying is applied in order to
design innovative drying systems, to improve present
processes and to control the whole process. A number of
mathematical models can be used to define the drying
process. The most common technique is known as thin layer
drying. There are several types of thin layer drying reported

so far in literature which describe the kinetic behaviour of
agricultural products. These models can be classified as
theoretical, semi-empirical and empirical (McMinn, 2006;
Ozdemir and Devres, 1999).

The aim of work

The aim of this paper was to investigate the drying kinetics of
spaghetti squash (Cucurbita pepo L.). It also intends to test the
conformance of thin layer models with the product, to select
the model that describes the kinetic behaviour most
satisfactorily and to compute the effective moisture diffusivity.

Material and methodology

The material used in this research (Cucurbita pepo L) was
received from the producers (farmers) in the thrace region
of Turkey in September 2016. The spaghetti squash samples
which were provided as whole fruit were split into small
pieces after the seeds were removed from the fruits. Then,
these samples were stored in airtight and light resistant,
laminated packages at -24°C. The frozen spaghetti squash
samples were chopped to thickness of 2 mm. Additionally,
they were sliced into pieces of 0.5 mm by another chopper
(Cryptopeerless, United Kingdom) to achieve a more
uniform and finer size distribution. The moisture analysis of
the samples was carried out in a vacuum oven (WiseVen
WOW-30, Germany) at 65 °C. The moisture content of
spaghetti squash was determined as 93.7% =+ 0.09.

Drying Methods

Drying was performed at different temperatures (40, 50, 60
and 70 °C) and air velocities (1, 1.4, 1.8 m/s) . The samples
with an initial thickness of 0.6+0.2 mm and a total weight of
2000 5 g were placed into ten trays with the dimensions of
30x30x2 cm. The drying process and recording the relevant
data started just after the ambient temperature reached the
experimental conditions so that drying process becomes
stable. All the data were monitored by the drying equipment
at 20 minutes intervals automatically. The process was
terminated when the samples reached constant weight.

In this study, a cabinet dryer (Weintek, Turkey) made of 10
trays and produced by a special design with certain
customer specifications was used. The experiments were
conducted in the production facility of Ege University Food
Engineering Department. The equipment consists of trays,
upper and lower pipes, a broiler, a fan, bottom air suction
line and a heater. The trays consist of the frames having
30x30x2 cm dimensions with pores of 3x3 mm made of
stainless steel. The air flow was parallel to the direction
where the trays are placed. The uniform distribution of air
over the trays inside the cabinet dryer was performed by an
engine rotating at 10 rpm.

Examination of drying kinetics

It is assumed that the main mechanism of drying is described
by liquid and/or gaseous diffusion when biological material
is dried during falling rate period (Erbay, 2008). In thin layer
drying models, the moisture content of the sample which is
going to be dried is calculated by using a dimensionless
variable defined as fractional moisture ratio (MR). The

32

Polish Journal of Food Engineering 3/4-2017(23)



Seyma UYSAL, Funda TURAN, Ering KOCAK, Giilden OVA, Fikret PAZIR

calculation of this dimensionless variable is given in
Equation 1 (Midilli, 2001).

M-M 8 1 (Qu+1)2m2 Dyt
MR = £ = = Y ex (- € )
Mg-Me w2 Lz Zurn)2 XP 412

@
In this research, eleven semi empirical models and their
equations illustrated in Table 1 were examined in order to
select the best equation for the drying curves of spaghetti
squash during the inspection of thin layer models.

Under the conditions where the relative humidity and
ambient temperature inside the cabinet dryer do not come
to a steady state, the following assumption can be made: The
final moisture content of the product is not equal to the
equilibrium moisture content. Hence, equilibrium moisture
content (M.) and except the first term in the series in
Equation 1 are negligible. As a result, Equation 2 (Goyal et al.,
2006; Erbay, 2008) can be written as follows:

_M_38 ™ Deft
MR= Mo  m2 exp( 412 ) 2)

Table 1. Semi-empirical thin layer drying models
Tabela 1. Pét-empiryczny model cienkiej warstwy suszenia

Model Model Equation References
Newton MR = exp(-kt) (Ayensu, 1997)
Page MR = exp(-kt") (Page, 1949)
Modified Page-1 MR = exp[-(kt)"] (Erbay, 2008)
Henderson & _ (Pal and Cha-
Pabis MR = aexp(-kt) kraverty, 1997)
Logaritmic MR = aexp(-kt) + ¢ (Doymaz, 2004)
_ 3 2 (Dandamrongrak
Two Term MR = aexp(-kOt) + bexp(-k1t) etal, 2002)
Exponential _ 2 ) . (Midilli and
Two Term MR =aexp(-kt) + (1-a)exp(-kat) Kucuk. 2003)
- _ 2 ) . (Ertekin and
Difusion MR = aexp(-kt) + (1-a)exp(-kbt) Yaldiz, 2004)
Modified Hen- _ (Karathanos,
derson & Pabis MR = aexp(-kt) + bexp(-gt) + cexp(-ht) 1999)
_ : ) } (Yaldiz et al,,
Verma MR = aexp(-kt) + (1-a)exp(-gt) 2001)
e _ o (Midilli et al.,
Midilli MR = aexp(-kt") + bt 2002)

The conformance of the experimental data with the semi-
empirical models was tested by SPSS (version 20.0) software
and conducting non-linear regression analysis. For each
experiment, coefficient of determination (R?), root of square
mean error (RMSE) and reduced chi-square (x?) values are
computed respectively in Equation 3 and Equation 4.

2 Z{\]:l(MRpre_MRobs)z (3)

X N-z

RMSE = J (Gx[EX,(MRye - MR)])  (9)

The model with the highest value of coefficient of
determination (R?), and the least RMSE and the least
reduced chi-square (y2) values has been determined as the

best model for each experiment with the goodness of fit
and minimum standard deviation between expected and
observed values (Sarsavadia et al.,, 1999; Sun et al.., 2007;
Lahsasni et al., 2004; Faustino et al., 2007).

Calculation of Effective Moisture
Activation Energy

Diffusivity and

Thin layer drying model assumes external resistance as
negligible and the internal resistance at the center of the
sample and takes difusion mechanism as the main
determinant into consideration. In order to determine the
effect of difusion, the difusion that takes place by multi
mechanisms simultaneously can be described as one
unique term called effective moisture diffusivity (Des). It is
of great importance to calculate the De values from the
perspective of the drying behaviour and characteristics of
the product (Erbay, 2008).

The Der values were found out by plotting the natural
logarithm of the fractional moisture ratio (In MR) obtained
by the observed drying values versus time (Lomauro et al.,
1985; Doymaz et al., 2004).

The slope of this graph (a) is used in Equation 2 and the
Equation 5 given below can be obtained by this way.

_ ™ Desr
a=—9 (5)

In order to evaluate the effect of temperature on the
effective moisture diffusivity the Arrhenius equation
(Equation 6) can be used (Lopez et al., 2000; Srikiatden and
Roberts, 2006).

Ea
Deg= Do exp ( m) (6)

Activation energy (EA) can be calculated by the slope
obtained by plotting the graph of natural logarithm of
effective moisture diffusivity (In(Deg)), versus inversion of
temperature (1/T) in 1/K units.

Results and discussion
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Fig. 1. Experimental moisture ratios of Cucurbita pepo L. at different drying
temperatures (air velocity=1m/s)

Rys. 1. Wzgledna zawartos¢ wody w Cucurbita pepo L podczas suszenia
w réznych temperaturach (predkos¢ powietrza=1 m/s)
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In this research the experimental drying data obtained at 40,
50, 60, 70°C drying temperatures and air velocities of 1, 1.4
and 1.8 m/s in addition to the fractional moisture ratios
were calculated according to Equation 2. As a result of these
calculations, the changes in the fractional moisture ratios
with time are shown in Figure 1, Figure 2, and Figure 3.
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Fig. 2. Experimental moisture ratios of Cucurbita pepo L at different drying
temperatures (air velocity=1.4m/s)

Rys. 2. Wzgledna zawartos¢ wody w Cucurbita pepo L podczas suszenia
w réznych temperaturach (predkosé powietrza=1.4 m/s)
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Fig. 3. Experimental moisture ratios of Cucurbita pepo L at different drying
temperatures (air velocity=1.8 m/s)

Rys. 3. Wzgledna zawartos¢ wody w Cucurbita pepo L podczas suszenia
w réznych temperaturach (predkosc¢ powietrza=1.8 m/s)

As it can be seen from these figures, the fractional moisture
ratio decreases along the drying time. This issue indicates
that there is no constant rate period and drying occurs in
falling rate period. The higher the drying temperature and
the air velocity, the shorter the drying period. It is evident
from Figure 1, Figure 2 and Figure 3, that the most rapid
drying experiment was performed at 70°C with an air
velocity of 1.8 m/s, while the longest drying period
belonged to the experiment carried out at 40°C and with an
air flow rate of 1 m/s. The results are in agreement with
the findings of previous studies related to pumpkin

(Doymaz, 2006), red pepper (Kavak Akpinar et al., 2002)
and mango slices (Goyal et al., 2006).

Evaluation of drying kinetics

The statistical comparison made to describe the Kkinetic
behaviour of spaghetti squash among eleven semi empirical
drying models defined earlier in Table 1 is summarized in
Table 2. Table 2. indicates statistical outputs such as R?,
RMSE and x? values for each drying temperature and air
velocity. The coefficients of determination (R%) were found
above 0.95. For all experiments, Midilli gave the best results
in comparison to the other thin layer drying models. The
coeficients of determination for Midilli model is ranging
between 0.999 and 1.00, the root of square mean error
(RMSE) values vary from 0.00255 to 0.00850 and the
reduced chi-square (x?) values are found to be between
0.00001 and 0.00008.

Assessment of model coefficients, effective moisture
diffusivity and activation energy

The model constants, coefficients and effective moisture
diffusivity in relation to Midilli model which describes the
kinetic behaviour of spaghetti squash most satisfactorily are
given in Table 3. The value of k in this table represents the
drying rate constant. It can be clearly observed that this
value is directly proportional to the drying temperature.
That is, the the higher drying temperature, the greater the
k value. The drying rate constant is an indicator of drying
rate. The rise in this value is an evidence for the increase in
drying rate and the decline in drying time.

Meanwhile, the D.g values in Table 3. vary from 4.15x10-10 to
2.04x10° m?/s . The highest effective moisture diffusivity
was obtained by the experiment performed at 70°C with an
air velocity of 1.8 m/s.

1/T
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y =-3489.3x- 10.311
R%=0.9815

In(D,g)
)
[

-21,2
-21,4

-21,6
Fig. 4. Arrhenius type relationship between effective diffusivity (Deg ) [m2/s]
and temperature (1/K) (air velocity=1.0 m/s)

Rys. 4. Zaleznosé¢ zgodnie z teoriq Arrheniusa pomiedzy efektywnq dyfuzjq
(D) [m2/s] a temperaturq (1/K) (predkosc¢ powietrza=1.0 m/s)

The figures of In(Dey) versus (1/T) plotted for each
experimental air velocity (1, 1.4 and 1.8 m/s) are illustrated
in Figure 4, Figure 5 and Figure 6.
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Table 2. Statistical evaluation of drying models for Cucurbita pepo L.

Tabela 2. Statystyczna ocena modeli suszenia dla Cucurbita pepo L

Model name; Drying Drying air velocity;
Nazwa modelu temperature; Predkosc¢ powietrza podczas suszenia
Temperatura [m/s]
suszenia 1.0 1.4 1.8

[°C] R2 RMSE Xz R2 RMSE X2 R? RMSE X
40 0.999 0.00740 0.00007 0.999 0.00756 0.00007 1.000 0.00633 0.00005
MIDILLI 50 0.999 0.00859 0.00008 1.000 0.00658 0.00006 0.999 0.00207 0.00008
60 1.000 0.00641 0.00005 1.000 0.00650 0.00006 1.000 0.00578 0.00004
70 1.000 0.00647 0.00006 1.000 0.00650 0.00006 1.000 0.00255 0.00001
40 0.995 0.02287 0.00058 0.998 0.01522 0.00026 0.997 0.01793 0.00036
MODIFIED 50 0.999 0.00975 0.00010 0.998 0.01560 0.00028 0.999 0.01247 0.00018
PAGE 60 0.999 0.00911 0.00009 0.996 0.02135 0.00055 0.995 0.02363 0.00067
70 0.995 0.02343 0.00067 0.990 0.03222 0.00125 0.990 0.03307 0.00137
40 0.995 0.02796 0.00086 0.998 0.05649 0.00359 0.997 0.01793 0.00036
EXPONENTIAL 50 0.999 0.00975 0.00010 0.998 0.14592 0.02457 0.999 0.01247 0.00018
TWO TERM 60 0.999 0.10774 0.01250 0.996 0.17918 0.03853 0.995 0.02363 0.00067
70 0.995 0.02343 0.00060 0.990 0.05267 0.00303 0.990 0.03307 0.00137
40 0.996 0.01933 0.00041 0.998 0.01310 0.00019 0.998 0.01514 0.00026
TWO TERM 50 0.998 0.01479 0.00023 0.998 0.01313 0.00020 0.999 0.01175 0.00016
60 0.998 0.01527 0.00027 0.997 0.01738 0.00036 0.996 0.02077 0.00052
70 0.998 0.07397 0.00669 0.993 0.02321 0.00066 0.993 0.02769 0.00096
MODIFIED 40 0.987 0.03719 0.00169 0.991 0.03052 0.00120 0.986 0.03728 0.00182
HENDERSON 50 0.989 0.26911 0.06035 0.998 0.01311 0.00023 0.990 0.03229 0.00146
& PABIS 60 0.985 0.04191 0.00246 0.985 0.04085 0.00250 0.981 0.04617 0.00320
70 0.998 12.8376 258.97853  0.978 0.04953 0.00368 0.980 0.04713 0.00370
MODIFIED 40 0.987 0.03601 0.00178 0.998 0.36696 0.20199 0.998 0.10983 0.01864
HENDERSON 50 0.989 0.56977 0.34783 0.989 0.03371 0.00189 0.998 0.08683 0.01319
& PABIS 60 0.985 0.04175 0.00305 0.985 0.04048 0.00328 0.992 0.02957 0.00175
70 0.981 0.04593 0.00464 0.999 0.13143 0.03455 0.980 0.31407 0.24660
40 0.985 0.48725 0.27490 0.990 0.03162 0.00120 0.989 0.03249 0.00128
LOGARITMIC 50 0.988 0.03668 0.00144 0.988 0.59478 0.44221 0.989 0.03431 0.00150
60 0.983 0.60366 0.46378 0.983 0.04245 0.00240 0.979 0.04851 0.00314
70 0.980 1.06185 1.55035 0.985 0.48725 0.27490 0.978 0.04957 0.00351
40 0.983 0.04075 0.00183 0.985 0.03852 0.00167 0.986 0.03728 0.00157
HENDERSON 50 0.973 0.05409 0.00314 0.982 0.04390 0.00222 0.981 0.04475 0.00234
& PABIS 60 0.970 0.05859 0.00400 0.979 0.04780 0.00274 0.976 0.05075 0.00309
70 0.972 0.05554 0.00377 0.976 0.05151 0.00318 0.978 0.04914 0.00302
40 0.980 0.04471 0.00232 0.987 0.03684 0.00163 0.986 0.03756 0.00171
VERMA 50 0.984 0.04199 0.00189 0.985 0.03684 0.00163 0.986 0.03796 0.00183
60 0.979 0.04947 0.00311 0.981 0. 04581 0.00280 0.977 0.05094 0.00346
70 0.975 0.05325 0.00390 0.973 0.05401 0.00389 0.976 0.05151 0.00379
40 0.971 0.05299 0.00294 0.975 0.04902 0.00254 0.977 0.04744 0.00239
NEWTON 50 0.960 0.06653 0.00474 0.973 0.05266 0.00297 0.972 0.05453 0.00320
60 0.956 0.05643 0.00334 0.971 0.05624 0.00345 0.970 0.05720 0.00357
70 0.961 0.06606 0.00480 0.969 0.05775 0.00364 0.972 0.05448 0.00297
40 0.971 0.05299 0.00325 0.975 0.04902 0.00288 0.977 0.04744 0.00273
DIFFUSION 50 0.960 0.06653 0.00474 0.973 0.05266 0.00347 0.972 0.05453 0.00378
APPROACH 60 0.956 0.07074 0.00637 0.971 0.05624 0.00422 0.970 0.05720 0.00357
70 0.961 0.06606 0.00600 0.969 0.05775 0.00445 0.972 0.05448 0.00424

Table 3. Model coefficients, best fitted models and calculated effective moisture diffusivities at different drying temperatures and air velocities for spaghetti squash
(Cucurbita pepo L.)

Tabela 3. Wspdtczynniki modelu, najlepiej dopasowane modele i obliczone skuteczne dyfuzje wilgoci w réznych temperaturach suszenia i predkosci powietrza
dla dyni makaronowej (Cucurbita pepo L.)

Air velocity; Drying temperature; Model coefficients; Effective Moisture Diffusivity (Des);
Predkos$¢ powietrza  Temperatura suszenia Wspotczynniki modelu Skutecznos¢ dyfuzji wilgoci (Desr)
[m/s] [°c] a k n b [m2/s]

40 0.995 0.255 1.54 0.009 4.689x10-10

1.0 50 0.998 0.390 1.545 0.003 7.302x10-10

’ 60 0.997 0.456 1.638 0.006 8.836x10-10

70 1.005 0.699 1.649 0.019 1.298x10-°

40 0.993 0.327 1.4667 0.008 7.156x10-10

14 50 0.994 0.458 1.503 0.009 1.298x10-°

’ 60 0.997 0.675 1.568 0.015 1.643x10°

70 1.000 0.859 1.636 0.020 2.028x10°

40 0.995 0.361 1.47 0.011 4.154x10-10

18 50 0.997 0.492 1.482 0.007 7.302x10-10

’ 60 0.995 0.887 1.615 0.014 1.490x10-°

70 1.000 1.104 1.603 0.027 2.045x10°
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Rys. 5. Zaleznosé zgodnie z teoriq Arrheniusa pomiedzy efektywnq dyfuzjq
(Do) [m?/s] a temperaturq (1/K) (predkosc¢ powietrza=1.4 m/s)
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Fig. 6. Arrhenius type relationship between effective diffusivity (Des ) [m2/s]
and temperature (1/K) (air velocity=1.8 m/s)

Rys. 6. Zaleznos¢ zgodnie z teoriq Arrheniusa pomiedzy efektywnq dyfuzjq
(Deg ) [M2/s] a temperaturq (1/K) (predkosé¢ powietrza=1.8 m/s)

The activation energy and Arrhenius diffusivity constants
(Do ) calculated by plotting the graphs in Figure 4, Figure 5
and Figure 6 are summarized in Table 5.

Table 4. Doand E. values determined from diffusivity data
Tabala 4. Wartosci Do i Es wyznaczone z danych dyfuzyjnosci

Air velocity;
Predko$¢ powietrza Ea [kj/mol] Do [m?2 /s]
[m/s]
1 29.01004 3.32:1005
1.4 30.22305 8.7-1005
1.8 49.211 0.068
Conclusion

The spaghetti squash samples were dried at 40, 50, 60,
70°C with different air velocities of 1; 1.4 and 1.8 m/s until
the attainment of constant weight. One might conclude that
drying temperature and air velocity significantly influence
the drying time and drying rate constant.

In accordance with the data related to drying, eleven
kinetic models within the framework of thin layer drying
model concept were evaluated. Consequently, the best
model was determined as Midilli whose R? values range

between 0.999 and 1.000 whose RMSE values vary from
0.00255 to 0.00850 and whose ¥2 values are changing
between 0.00001 and 0.00008. The effective moisture
difusivity was computed and it was determined that
effective moisture diffusivity is directly proportional to
drying temperature. Activation energy is also calculated by
the Arrhenius theory.
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