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The aim of this study was to determine the moisture adsorption isotherms of
kiwifruit dried by hot air, vacuum and freeze drying methods. Equilibrium moisture
contents (EMC) of dried kiwifruits were obtained by using the standard gravimetric
method at two different temperatures (25 and 45°C) within a range of water
activities from 0.112 to 0.936. The adsorption isotherms of dried kiwifruits
decreased with increasing temperature and exhibited type Ill behavior. Six different
isotherm equations (GAB (Guggenheim-Anderson-de Boer), BET (Brunauer-
Emmett-Teller), Oswin, Henderson, Halsey and Peleg) were employed to describe
the experimental adsorption isotherm data. Adsorption data obtained at both 25
and 45°C for vacuum dried samples and data obtained at 45°C for hot air and freeze
dried samples were best represented by Peleg equation. For the samples dried by
hot air and freeze drying, GAB equation gave the best description of the
experimental data obtained at 25°C.

FARKLI KURUTMA YONTEMLERI ILE KURUTULAN Kivi MEYVESININ

ADSORPSIiYON iZOTERMLERI

Anahtar Kelimeler

0z

Kivi meyvesi,
Adsorpsiyon izotermi,
Dondurarak kurutma,
Vakum kurutma.

Bu ¢alismanin amaci, sicak hava, vakum ve dondurarak kurutma yontemleriyle
kurutulmus kivi meyvesinin nem adsorpsiyon izotermlerini belirlemektir.
Kurutulmus kivi meyvesinin denge nem igerikleri (EMC), standart gravimetrik
yontem kullanilarak, iki farkli sicaklikta (25 ve 45°C), 0.112 ile 0.936 su aktivitesi
araliginda elde edilmistir. Kurutulmus kivi meyvelerinin adsorpsiyon izotermleri
artan sicaklik ile azalmis ve tip Il davranis sergilemistir. Deneysel adsorpsiyon
izoterm verisini tanimlamak i¢in alt1 farkl izoterm denklemi (GAB (Guggenheim-
Anderson-de Boer), BET (Brunauer-Emmett-Teller), Oswin, Henderson, Halsey ve
Peleg) kullanilmistir. Vakumla kurutulmus 6rnekler icin 25 ve 45 °C'de elde edilen
adsorpsiyon verileri ve sicak hava ve dondurarak kurutulmus érnekler icin 45 ° C'de
elde edilen veriler en iyi Peleg denklemiyle temsil edilmistir. Sicak hava ve
dondurarak kurutma ile kurutulmus olan 6rnekler icin, GAB esitligi, 25°C’de elde
edilen deneysel verileri en iyi sekilde tamimlamistir.
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1. Introduction

adaptation trials initiated in 1988, kiwi has been
produced in the Black Sea, Mediterranean, Marmara

Kiwi is a common name for the plants in the cultivar and Aegean regions in Turkey. Among these regions,
group obtained from Actinidia deliciosa, which is a the Eastern Black Sea Region was found to be more
vine-like woody climber plant species. After the suitable in terms of ecological requirements of the

* ilgili yazar / Corresponding author: ibarutcu@odu.edu.tr, +90-452-226-5200

167


mailto:ibarutcu@odu.edu.tr

KIZMAZ et al.

10.21923/jesd. 487962

plant than in other regions. Kiwifruit has high content
of glucose, fructose (Castaldo et al, 1992), organic
acids (Esti et al, 1998), vitamin C and bioactive
phenolic compounds that has a beneficial effect on
human health with its antioxidant activity (Wang et al.,
1996; Kubal et al., 2017).

Drying is a process which can be applied to extend the
shelf life of fresh kiwifruit with a convenience of
preservation at ambient temperature. The physical,
chemical and microbiological stability of dehydrated
fruit is strongly affected by the relative humidity and
the temperature of the storage environment. Moisture
sorption characteristics describe the moisture
exchange between the food and the environment and
provide significant information to predict shelf-life
stability of food matrixes. The relationship between
water activity and equilibrium moisture content of a
food can be described by the moisture sorption
isotherms at a given temperature (Al-Muhtaseb et al.,
2002). It is known that the food composition and
drying method affect the sorption characteristics as
well as some quality characteristics of the end product
(Kingsly et al.,, 2009; Ciurzynska et al., 2012; Udomkun
et al,, 2015). Sorption isotherms alter depending on
drying method and temperature.

The most commonly used method to determine the
moisture sorption isotherms of fruits is the
gravimetric method in which the food sample is kept
in an environment with a constant relative humidity
and the weight loss or gain is monitored statically or
dynamically. Usually saturated saline solutions are
used to obtain the environments with constant water
activity in the range of 0.01-0.90 (Erbas et al., 2016).
The weight of food sample changes when maintained
at different water activity environment until
equilibrium. After a while, the moisture migration
between the saturated salt solution and the food will
reach equilibrium and there will be no change in
weight. The moisture content calculated according to
the final sample weight is the equilibrium moisture
content (EMC). The curve obtained by plotting the
EMC values against water activity values is called the
sorption isotherm. The mathematical equations
describing the moisture sorption isotherm of foods are
important for the drying and storage processes, the
estimation of drying time or the shelf life of the dried
product. Several models are available in literature to
describe the moisture sorption data such as GAB, BET,
Iglesias-Chirife, Caurie, Langmuir, Chung-Pfost, Simit,
Henderson, Halsey, Peleg, Oswin, etc. However, none
of these models give an exact result for all types of
water activity and for all types of food. The reason for
this is that foods are highly heterogeneous in structure
and composition (Al-Muhtaseb et al., 2002; Erbas et
al,, 2016). According to literature, the best fit model
defining the sorption isotherm of dried fruits varies
according to the type of fruit, sorption temperature,
and drying method.

In a study, the sorption isotherms of the strawberries
in different temperatures (50 and 70°C) and pressures
(4-16kPa) were determined at 25°C (Ciurzynska et al.,
2012). The obtained isotherms were found as similar
to the typical Sigmoid type (S-shaped), in other words
Type Il isotherm. It was determined that there was no
effect of the applied pressure on the moisture
absorption capacity of the dried strawberry samples
while increasing drying temperature significantly
altered the moisture sorption capacity. Five different
models (Oswin, Halsey, Lewicki, Peleg and GAB) were
examined to simulate the experimental data and
Lewicki model was found to be most suitable for best
representation of experimental data. Udomkun et al.
(2015) investigated the sorption characteristics of
fresh, osmotically-pretreated and dried papaya
samples. Sorption isotherms of papayas, dried with
hot air at 70°C after osmotic pre-drying, were obtained
at temperatures of 30, 50 and 70°C. The Halsey was
found to be the best model that explained the sorption
behavior of dried papayas. Fresh samples were best
represented by the Oswin model. Kaya et al. (2010)
obtained sorption isotherms for kiwi slices dried by
hot air at five different temperatures as 25, 35, 45, 55,
65°C. At a certain relative humidity, it was observed
that there was a decrease in the moisture sorption
degree with increasing temperature. In another study,
adsorption isotherms of sun-dried tomato, pepper and
eggplant were obtained at 25°C and 11-90% relative
humidity (Koros, 2007). The adsorption isotherm of
the dried tomato was found to be consistent with the
typical S-shaped Type Il isotherm, while the isotherms
for dried peppers and eggplant were found to be
similar to the J-shaped Type Il isotherm. It was stated
that GAB model was the best fit model for the
experimental data among four models as linearized
Brunauer-Emmett-Teller (BET), nonlinear
Guggenheim-Anderson-de Boer (GAB), Oswin and
Halsey models used for dried vegetables.

The aim of the present work was to investigate the
effect of different drying methods (hot air drying,
vacuum drying and freeze drying) on the moisture
adsorption isotherms of kiwifruits. The adsorption
isotherms of dried kiwifruits were obtained at two
different temperatures (25 and 45°C). Six different
sorption models (GAB, BET, Halsey, Oswin, Henderson
and Peleg) were investigated to reveal the best fit
model to the experimental adsorption data.

2. Materials and Methods
2.1. Materials

Kiwifruits (Actinidia deliciosa) used in this study were
obtained from a local market and stored at 4+0.5°C
until further use. The peeled kiwifruits were sliced
into 5 mm of thickness and approximately 50 mm in
diameter. The initial moisture content of kiwifruit was
determined as 80.6 £0.5 % by drying to a constant
weight in a vacuum oven at 70°C. Analytical grade
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potassium chloride, sodium chloride, potassium
nitrate from Sigma Aldrich (St. Louis, United States),
magnesium nitrate, lithium chloride from Merck
(Darmstadt, Germany) and magnesium chloride,
potassium carbonate, sodium nitrite from Kimetsan
(Ankara, Turkey) were used for the preparation of
saturated salt solutions.

2.2. Drying experiments

The kiwifruit slices were dried using three different
drying methods (hot air drying, vacuum drying and
freeze drying) until the final moisture content of about
10% to be reached. Hot air drying was performed in a
lab-scale oven at 60°C where the kiwifruit samples
were spread uniformly in a single layer on a tray
(Maskan, 2001; Kaya et al., 2010). Vacuum drying was
performed in a vacuum oven (Memmert VO 500,
Germany) at 60°C and a vacuum pressure of 100mbar.
Freeze drying was carried out in a lab-scale freeze
dryer (FreeZone 2.5L 7670530, Labconco) at -50°C
and 0.1 mbar vacuum pressure.

2.3. Determination of adsorption isotherms

The standard gravimetric method recommended by
the COST 90 project (Wolf et al., 1985) was used to
determine the moisture sorption isotherms at 25°C
and 45°C. The whole dried sample was weighted in
perforated aluminum cups and placed on a platform
inside sealed containers with different levels of
relative humidity maintained by eight different
saturated salt solutions (Tatar et al, 2014;
Yogendrarajah et al,, 2015). Selected salts used for the
preparation of saturated salt solutions and their
corresponding equilibrium relative humidity at the
experimental temperatures were presented in Table 1.
To prevent mold or bacterial growth, capillary tube
containing toluene (3ml) was also placed in each
container with high equilibrium relative humidity
(ERH=60%) (Sahin and Sumnu 2006; Yogendrarajah
etal, 2015; Tatar et al,, 2014). The sample weight was
recorded at regular intervals until the equilibrium was
achieved. Equilibrium was considered to have been
reached when the change in the sample weight
between two successive measurements was less than
1%. Equilibrium conditions were attained within 2
months for all samples. The EMC of each sample was
determined by using a vacuum oven at 70°C and
100mbar. The average values of two replications were
used in the analysis.

Table 1. Equilibrium relative humidities (ERH) (%)
of saturated salt solutions

TEMPERATURE
SALT 5°C 45°C REFERENCE
Lithium Chloride (LiCl) 11.30 11.16 | Greenspan, (1977)
Magnesium Chloride (MgCl2) 32.78 31.10 | Greenspan, (1977)

Potassium Carbonate (K2CO3) 44.30 4290 | Labuzaetal, (1985)

Magnesium Nitrate (Mg(NO3)2 52.89 46.93 | Greenspan, (1977)

10.21923/jesd. 487962
Sodium Nitrite (NaNO3) 64.40 60.50 | Young, (1967)
Sodium Chloride (NaCl) 75.29 74.52 | Greenspan, (1977)
Potassium Chloride (KCI) 84.34 81.74 | Greenspan, (1977)
Potassium Nitrate (KNO3) 93.58 87.03 | Greenspan, (1977)

2.4. Modelling of sorption isotherms

Experimental EMC data were fitted to six widely used
moisture sorption isotherm models describing the
sorption isotherms of foods (Table 2) (Al-Muhtaseb et
al, 2002; Andrade et al., 2011; Kaymak-Ertekin and
Gedik, 2004).

Table 2. Equations used to model the moisture
adsorption isotherms of dried kiwifruit

MODEL EQUATION NO
GAB EMC = MyxKxCXa, 1
T(1-Kxa,)x[1+ (-1 XK xa,] @
BET EMC = Mo X C x ay, 2
T(1-ay)x[1+Cxa, —a,] @
aW

Oswin EMC=Cx (——)" 3)

1-a,

—C 1
Halsey EMC = (—)= (4)

lna,,

Henderson EMC = (M)i (5)
Peleg EMC = C,al + C,al O]

where EMC is the equilibrium moisture content (g
H20/g dry solid), aw is the water activity and My, K, C,
Ci, Cz, C3, C4, n are equation constants.

The nonlinear regression analysis was performed
using a MATLAB software (R2018b, Mathwork, Inc.,
MA, US). To evaluate the accuracy of fit of the selected
models, the statistical parameters, the coefficient of
determination (R?), the sum of square error (SSE), the
root mean square error (RMSE) and mean relative
percent deviation modulus (P%) were calculated by
using the following formulas.

N
2
SSE = Z'_I(EMCeXp_i-EMCpre 0 -
I_ZN (Emc . )2
_ (EMCexp i-EMCpreq,i
R2=1-— 1;1 p p 2 (8)
Zi=1(EMCeXP.i'EMCmean)
1
RMSE= SSTE ? wherev=N-m ©)
P(%) =2 yzlw (10)

N (EMCexp,i)
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where N is the number of experimental data points, m
is the number of fitted coefficients in each equation,
EMCmean is the mean of experimental EMC values,
EMCexpi and EMCpreq; are the ith experimental and
predicted equilibrium moisture content values,
respectively.

3. Results and Discussion

Adsorption isotherms of dried kiwifruit slices
obtained at 25°C and 45°C are shown in Figure 1. Atall
temperatures, EMC’s of dried Kkiwifruit samples
increased slowly up to water activity of nearly 0.85
which is followed by a steep rise. Although most food
products generally show typical type Il (sigmoid-
shaped) adsorption isotherms (Andrade et al,, 2011;
Al Mutaseb et al.,, 2002), adsorption isotherms of dried
kiwifruit slices followed type III (J-shape) isotherm
according to BET classifications. In literature, similar
to this study, adsorption isotherms of some dried
fruits like apple and mango (Falade et al., 2004a, Akoy
and von Horsten, 2013), pineapple (Falade et al,
2004b), papaya (Thalerngnawachart and Duangmal,
2016), pear (Mitrevski et al., 2015), blueberries (Lim
et al,, 1995) exhibited type III (J- shaped) behavior.
Type III isotherms describes foods rich in soluble
components such as sugars (Labuza et al, 1985;
Chinachoti et al., 1984). Kaymak-Ertekin and Gedik
(2004) obtained adsorption isotherms of vacuum
dried apples, apricots, grapes and potatoes at 30, 45
and 60°C and recorded that fruits rich in sugar showed
type III isotherm. Type III isotherm shows slow
moisture gain up to the deliquescent point where the
adsorbed water begins to dissolve the sugar crytals
(Labuza and Altunakar, 2008; Van Campen et al,
1983) and rapid moisture uptake after that point. The
drying method did not change the shape of adsorption
curves of dried kiwifruit.

1.2 : ‘
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1+ —T=25°C-GAB
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S ---T=45°C-P
= 08 C-Peleg
2
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Figure 1. Moisture adsorption isotherms of kiwifruit
dried by hot air drying (a), vacuum drying (b) and
freeze drying (c) methods.

Six models were applied to the experimental
adsorption data obtained at two different
temperatures. Model coefficients and the statistical
accuracy parameters for each model are presented in
Table 3. The mean relative percent deviation (P %)
values were determined to decide goodness of fit of
the models. It was stated in literature that a model is
considered to be acceptable if P<10% (Lomauro et al.,
1985). For hot air dried samples, at 25°C, the P value
was 8.8% for GAB model and 9.5% for Peleg model.
Oswin and Halsey models were also provided good fit
to the experimental adsorption data of hot air dried
kiwifruit with RZ >0.99, P values less than 10% and
RMSE ranging between 0.0129 and 0.0215 at 25°C. At
45°C, all models except Henderson showed similar P
values (13.1-14.9%); however higher R? and lower
RMSE and SSE values were obtained by Peleg model
compared to other models. It is seen that, for hot air
dried kiwifruit, GAB model provided the best fit to the
experimental adsorption data obtained at 25°C while
the data obtained at 45°C was best described by four
parameter Peleg model. Similar result was obtained
for freeze dried kiwifruit. Although both Peleg and
GAB models showed good fit to the experimental
adsorption data of freeze dried kiwifruit, the lowest P
(4.1%) was obtained by GAB model at 25°C while at
45°C, the Peleg model provided similar P(%) but
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minimum SSE, RMSE and highest R2 values compared
to other models. Similar to our finding, Lim et al.
(1995) noted that moisture sorption isotherms of
freeze dried blueberries obtained at temperatures
between 4-45°C were best described by the GAB
equation. However in their study they did not apply
the Peleg equation. Among the six equation, the Peleg
equation predicted the moisture adsorption isotherms
of vacuum dried kiwifruits with smallest P(%), RMSE
and highest R? values. Peleg model gave P values of
5.6% and 4.8% at 25 and 45°C, respectively. It was
stated in literature that, a model with a P value of less
than 5% shows an extremely good fit (Lomauro et al,,
1985). At 25°C, GAB and Oswin equations correlated
the data reasonably well with a P value of nearly
11.5% and 10.9%, respectively. The GAB equation also
described the adsorption data well at 45°C. Kaymak-

Ertekin and Gedik (2004) obtained adsorption
isotherms of grapes, apricots and apples dried in
vacuum oven at 70°C. They reported that the sorption
data of samples were best described by the Halsey
equation at the selected temperatures of 30, 45 and
60°C. They noted that the GAB equation was also
suitable for representing the sorption data for all
samples and Oswin equation correlate well to the
sorption data of apple. In their study they did not
evaluate the suitability of Peleg model to describe the
sorption data. On the other hand, in another study,
Ciurzynska et al. (2012) found the GAB model
inapplicable in describing the moisture adsorption
behavior of strawberries dried under vacuum with
different temperature and pressure combinations. In
their study, Peleg and Lewicki models were provided
good fit to the experimental data while Halsey did not.

Table 3. Estimated parameters of adsorption isotherm equations

MODEL HOT AIR DRIED VACUUM DRIED FREEZE DRIED
25°C 45°C 25°C 45°C 25°C 45°C
Mo 0.102 0.113 0.137 0.137 0.103 0.142
K 0.974 0.938 0.928 0.911 0.964 0.914
C 1.766 1.077 1.196 0.965 2.701 1.034
GAB SSE 6.0406*10+ 0.0012 0.0015 1.2790*10+ 7.3429*104 6.7697*10
R? 0.9993 0.9945 0.9976 0.9992 0.9990 0.9974
RMSE 0.0113 0.0152 0.0175 0.0060 0.0121 0.0116
%P 8.8 14.3 11.5 11.3 4.1 6.5
Mo 0.0725 0.0710 0.0641 0.0737 0.0681 0.0784
C 8.968 3.000 43.710 3.292 26.570 3.619
SSE 0.0066 0.0020 0.0267 0.0020 0.0144 0.0028
BET R? 0.9925 0.9903 0.9580 0.9911 0.9802 0.9894
RMSE 0.0331 0.0184 0.0667 0.0184 0.0489 0.0215
%P 12.1 14.9 24.0 29.1 23.7 16.9
C 0.130 0.107 0.149 0.117 0.146 0.126
n 0.795 0.822 0.689 0.796 0.722 0.789
SSE 0.0010 0.0014 0.0050 8.2823*10+ 0.0012 0.0014
Oswin R? 0.9988 0.9933 0.9921 0.9964 0.9984 0.9947
RMSE 0.0129 0.0153 0.0289 0.0117 0.0139 0.0151
%P 7.5 14.6 10.9 24.7 7.3 13.4
C 0.096 0.088 0.100 0.106 0.105 0.104
n 0.933 0.893 0.933 0.831 0.938 0.881
SSE 0.0028 0.0173 0.0070 0.0170 0.0109 0.0125
Halsey R? 0.9948 0.9643 0.9868 0.9651 0.9796 0.9742
RMSE 0.0215 0.0537 0.0342 0.0532 0.0426 0.0457
%P 9.0 13.1 15.0 355 18.9 23.1
C 3.734 4.020 3.630 3.360 3.648 3.401
n 0.843 0.815 0.850 0.730 0.874 0.773
SSE 0.0139 0.0245 0.0122 0.0013 0.0085 0.0022
Henderson R? 0.9739 0.9495 0.9771 0.9973 0.9840 0.9955
RMSE 0.0481 0.0639 0.0451 0.0147 0.0377 0.0191
%P 17.6 20.0 16.0 5.4 14.0 6.5
Ci 0.323 0.290 0.236 0.328 0.336 0.248
Cz 1.590 0.784 1.142 0.739 1.354 0.831
Cs 1.330 1.579 0.942 1.573 1.213 1.177
Ca 10.480 7.620 7.280 7.640 10.030 6.327
Peleg SSE 0.0011 4.9714*104 5.4205*10 1.2842*10* 8.0367*10 3.5454*10+
R? 0.9988 0.9978 0.9991 0.9994 0.9989 0.9986
RMSE 0.0140 0.0111 0.0116 0.0057 0.0142 0.0094
%P 9.5 14.6 5.6 4.8 9.4 6.7

In general, Peleg equation was adequate to predict in
average the adsorption isotherms with P smaller than
10% for all cases except the isotherm obtained at 45°C
for hot air dried kiwifruit. Actually, for this isotherm,

all models except Henderson, gave a satisfactory
prediction with P value ranging between 13.1-14.9%.
The experimental data and their corresponding best
fit curves were presented in Figure 1.
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Peleg model is an empirical moisture sorption model
with four constant which have no physical significance
while GAB is a kinetic moisture sorption model. GAB
model has greater versatility compared to BET
equation and can be used successfully up to high water
activities for various dehydrated foods (Al-Muhtaseb
et al,, 2002). GAB equation was recommended by the
European project COST 90 (Wolf et al., 1985). In this
study, BET equation gave P values of higher than 12%
for all samples. At different temperatures, the
adsorption isotherm data of freeze dried blueberries
(Lim et al., 1995), hot air dried pear, banana, apple
(Mitrevski et al.,, 2015; Caballero-Ceron et al., 2018)
were recorded to be best described by GAB equation.
However in these studies suitability of Peleg equation
was not tested. Mo is the GAB monolayer moisture
content which is an important parameter for food
stability. Mo values of GAB model were between 10.2
to 14.2 g/100g (d.b.) for dried kiwifruit samples. The
GAB monolayer values were higher than the BET
values as expected (Timmermann, 2003). GAB
monolayer values for kiwifruit were close to those
reported by Kaymak-Ertekin and Gedik (2004).
Kaymak-Ertekin and Gedik (2004) obtained a
satisfactory prediction of adsorption data of grapes,
apricots and apples using GAB equation and estimated
the GAB parameter Moas 11.5,9.5and 17.6 g/100g dry
solid, respectively. Caballero-Ceron et al. (2018)
determined the GAB model parameters for the
moisture adsorption data of dried apple, mango and
banana at 25, 32 and 40 °C. They reported that the Mo
values decreased with increasing temperature for
mango while there was no clear trend for other fruits.
In their study, Mo value increased from 11.8 to 16.6
g/100g dry solid for apple and from 10.8 to 11.3
g/100g dry solid for banana as temperature increased
from 25 to 40°C. Similarly, in this study, Mo value
increased slightly as temperature increased from 25 to
45 °C for freeze dried and hot air dried kiwifruit but
stayed constant for vacuum dried ones. However, it
has been reported by some researchers that, Mo values
predicted by GAB model decreases with increasing
temperature for the adsorption isotherms of dried
fruits like papaya, mango, pea (Akoy and von Hérsten,
2013; Mitrevski et al.,,2015; Vega-Galvez et al,, 2008).
C and K are the factors related to the heat of
adsorption of water in the monolayer and multilayer
regions, respectively. The constant K in the GAB model
was slightly lower than unity, ranging between 0.91-
0.97, for all cases studied as expected (Timmermann,
2003) and the C values ranged between 0.96 and 2.70.
These values are consistent with the values given for
different foods in the literature (Andrade et al.,, 2011).
The estimated K parameters for kiwifruit was very
close to those for hot air dried apple (0.915-0.972),
banana (0.947-0.983) and mango (0.907-0.955)
determined by Caballero-Ceron et al. (2018).
Timmermann (2003) stated that K varies from nearly
0.70 for wheat to about 0.92 for electrolytic systems
and higher values of K means a more pronounced
upswing seen after the plateau. The highest K was

obtained for hot air dried and freeze dried kiwifruit at
25 and 45°C, respectively.

In the water activity range studied, lower equilibrium
moisture content values were obtained at 45°C at a
given water activity for all dried samples. Caballero-
Ceron et al. (2018) obtained adsorption isotherms of
dried banana, apple and mango at 25, 32 and 40°C.
Similar to our finding, they recorded lower moisture
content values in apple when the temperature was
increased from 25 to 40°C for the water activity range
of 0.11 - 0.90. However they did not detect a clear
effect of temperature on the EMC of banana or mango
samples. In general, the EMC is expected to be lower at
higher temperatures (Al-Muhtaseb etal., 2002; Labuza
et al, 1985). However, some researchers have
reported the opposite of this trend in foods rich in
sugar at high water activity values which results the
crossing of isotherm (Mitrevski et al.,, 2015; Cervenka,
2008; Akoy and Hoérsten, 2013; Vega-Galvez et al,
2008). Increased number of adsorption sites due to
dissolution of the crystalline sugar at high water
activities was given as the cause of this behavior
(Ayranci et al,, 1990). In this study a crossing point in
adsorption isotherm was not detected between aw
from 0.11 to 0.87 when the temperature was
increased from 25 to 45°C. This finding is in agreement
with the finding of Kaya et al. (2010). Kaya etal. (2010)
obtained the sorption isotherms of hot air dried
kiwifruit slices at temperatures ranging between 25
and 65°C and showed that the EMC values of kiwifruit
increased with decreasing temperature within the
water activity range of 0.11-1.0.

4. Conclusions

Moisture adsorption isotherms of dried kiwifruit
samples were determined at two different
temperatures (25 and 45°C) and the experimental
data were fitted to six different widely used sorption
equations. The adsorption isotherms of dried
kiwifruits were very similar in shape and exhibited
Type III (J-shaped) behavior according to BET
classification. For all cases, lower EMC values were
obtained at 45°C at a given water activity. In general,
for all samples, the moisture adsorption data fitted
well with the Peleg model. Peleg model provided a P
value of 14.6% for the hot air dried sample at 45°C and
a P value of less than 10% for the rest. However, at
25°C, GAB equation revealed the best fit to adsorption
data of hot air dried and freeze dried samples,
followed by Oswin equation.

Acknowledgements

This work was supported by a grant from Ordu
University (B-1842).

Conflict of Interest

No conflict of interest was declared by the authors.
172



KIZMAZ et al.

10.21923/jesd. 487962

References

Akoy, E.0.M,, von Horsten, D., 2013. Moisture Sorption
Isotherms of Mango Slices. International Journal of
Agricultural and Food Science, 3(4), 164-170.

Al-Muhtaseb, A.H, McMinn, W.AM., Magee, T.RA,
2002. Moisture Sorption Isotherm Characteristics
of Food Products: A Review. Food and Bioproducts
Processing, 80(C2), 118-128.

Andrade, R.D., Lemus, R, Perez, C.E., 2011. Models of
Sorption Isotherms for Food: Uses and Limitations.
Vitae- Revista de la Facultad de Quimica
Farmaceutica, 18(3), 324-333.

Ayranci, E., Ayranci, G., Dogantan, Z., 1990. Moisture
Sorption Isotherms of Dried Apricot, Fig and Raisin
at 20 °C and 36 °C. Journal of Food Science, 55 (6),
1591-1593.

Brunauer, S., Deming, L.S., Deming, W.E,, Troller, E,,
1940. On the Theory of Van der Waals Adsorption
of Gases, Journal of American Chemical Society, 62,
1723-1732.

Caballero-Ceron, C., Serment-Moreno, V., Velazquez,
G., Torres, J.A., Welti-Chanes, ]., 2018. Hygroscopic
Properties and Glass Transition of Dehydrated
Mango, Apple And Banana. Journal of Food Science
and Technology-Mysore, 55(2), 540-549.

Castaldo, D., Lo Vio, A., Trifiro, A., Gherardi, S., 1992.
Composition of Italian Kiwi (Actinidia chinensis)
Puree. Journal of Agricultural and Food Chemistry,
40, 594-598.

Cervenka, L., 2008 Adsorption of Moisture on Dried
Juniper Berries (Juniperus communis L.) at Various
Temperatures and Properties of Sorbed Water.
Journal of Food and Nutrition Research, 47(3),
131-138.

Ciurzynska, A., Piotrowski, D., Lenart, A., Lukasik, P.,
2012. Sorption Properties of Vacuum-Dried
Strawberries. Drying Technology, 30, 850-858.

Chinachoti, P., Steinberg, M.P., 1984. Interaction of
Sucrose with Starch during Dehydration as shown
by Water Sorption, Journal of Food Science, 49(6),
1604-1608.

Esti, M., Messia, M.C., Bertocchi, P., Sinesio, F., Moneta,
E. Nicotra, A, et al., 1998. Chemical Compounds
and Sensory Assessment of Kiwifruit (Actinidia
chinensis (Planch) var. chinensis): Electrochemical
and Multivariate Analyses. Food Chemistry, 61,
293-300.

Falade, K.O., Aworh, 0.C., 2004a. Adsorption Isotherms
of Osmo-Oven Dried African Star Apple

(Chrysophyllum albidum) and African Mango
(Irvingia gabonensis) Slices. European Food
Research and Technology, 218(3), 278-83.

Falade, K.O. Olukini, I, Adegoke, G.0. 2004b.
Adsorption Isotherm and Heat of Sorption of
Osmotically Pretreated and Air-Dried Pineapple

Slices. European Food Research and Technology,
218(6), 540-3.

Greenspan, L., 1977. Humidity Fixed Points of Binary
Saturated Aqueous Solutions. Journal of Research
of the National Bureau of Standards - A. Physics
and Chemistry, 81A(1), 89-96.

Kaya, A., Aydin, 0., Kolayli, S., 2010. Effect of Different
Drying Conditions on the Vitamin C (Ascorbic Acid)
Content of Hayward Kiwifruits (Actinidia delicosa
Planch). Food and Bioproducts Processing, 88(C2-
3), 165-173.

Kaymak-Ertekin, F., Gedik, A. 2004. Sorption
Isotherms and Isosteric Heat of Sorption for
Grapes, Apricots, Apples and Potatoes.
Lebensmittel-Wissenschaft und -Technologie,
37(4),429-438.

Kingsly, A.R.P., lleleji, K.E., 2009. Sorption Isotherm of
Corn Distillers Dried Grains with Solubles (DDGS)
and Its Prediction using Chemical Composition.
Food Chemistry, 116 (4), 939-946.

Klewicki, R., Konopacka, D., Uczciwek, M., Irzyniec, Z.,
Piasecka, E., Bonazzi, C., 2009. Sorption Isotherms
for Osmo-Convectively-Dried and Osmo-Freeze-
Dried Apple, Sour Cherry, and Blackcurrant. The
Journal of Horticultural Science and Biotechnology,
84(6), 75-79.

Koros, B. 2007. Geleneksel Tiirk Gidalarinin
Adsorpsiyon Izotermlerinin Belirlenmesi. Yiiksek
Lisans Tezi. Ankara University, Tiirkiye.

Kubal, C., Mazi, B.G. Bostan, S.Z, 2017. Ordu’'da
(Turkiye) Yetistirilen ‘Hayward’ Kivi Cesidinin
Onemli Kimyasal Bilesenleri ve Fiziksel Ozellikleri.
Nevsehir Bilim ve Teknoloji Dergisi, 6, 280-296.

Labuza, T.P., Altunakar, B. 2008. Water Activity
Prediction and Moisture Sorption Isotherms. G.V.
Barbosa-Canovas, A.]. Fontana Jr, S.J. Schmidt, T.P.
Labuza (Edt). Water Activity in Foods:
Fundamentals and Applications. (pp. 109-154).
Blackwell Publishing and IFT Press.

Labuza, T.P., Kaanane, A., Chen, ].Y., 1985. Effect of
Temperature on the Moisture Sorption Isotherms
and Water Activity Shift of Two Dehydrated Foods.
Journal of Food Science, 50 (2), 385-391.

173


http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C362UshfN4IAUjEc3tC&author_name=Caballero-Ceron,%20C&dais_id=8793089&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C362UshfN4IAUjEc3tC&author_name=Serment-Moreno,%20V&dais_id=2737096&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C362UshfN4IAUjEc3tC&author_name=Velazquez,%20G&dais_id=428246&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C362UshfN4IAUjEc3tC&author_name=Velazquez,%20G&dais_id=428246&excludeEventConfig=ExcludeIfFromFullRecPage

KIZMAZ et al.

10.21923/jesd. 487962

Lim, L.T., Tang, ].M., He, ].S., 1995. Moisture Sorption
Characteristics of Freeze-Dried Blueberries.
Journal of Food Science, 60(4), 810-814.

Lomauro, C.J., Bakshi, A.S., Labuza, T.P., 1985.
Evaluation of Food Moisture Sorption Isotherm
Equations. Part I: Fruit, Vegetable and Meat
Products. Lebensmittel-Wissenschaft and
Technologie, 18(2), 111-117.

Maskan, M., 2001. Kinetics of Colour Change of
Kiwifruits during Hot Air and Microwave Drying.
Journal of Food Engineering, 48(2), 169-175.

Mitrevski, V., Lutovska, M., Mijakovski, V., Pavkov, LS.,
Babic, M.M., Radojcin, M.T., 2015. Adsorption
Isotherms of Pear at Several Temperatures.
Thermal Science, 19(3), 1119-1129.

Sahin, S., Sumnu, S.G., 2006. Water Activity and
Sorption Properties of Foods. S. Sahin, S.G. Sumnu
(Edt.), Physical Properties of Foods (pp. 193-228).
New York: Springer Science+BusinessMedia.

Tatar, E., Cengiz, A, Kahyaoglu, T, 2014. Effect of
Hemicellulose as a Coating Material on Water
Sorption Thermodynamics of the
Microencapsulated Fish Oil and Artificial Neural
Network (ANN) Modeling of Isotherms. Food and
Bioprocess Technology, 7, 2793-2802.

Thalerngnawachart, S., Duangmal, K., 2016. Influence
of Humectants on the Drying Kinetics, Water
Mobility, and Moisture Sorption Isotherm of
Osmosed Air-Dried Papaya. Drying Technology,
34(5),574-583.

Timmermann, E. 0. 2003. Multilayer Sorption
Parameters: BET or GAB Values? Colloids and
Surfaces A-Physicochemical and Engineering
Aspects, 220(1-3), 235-260.

Udomkun, P., Argyropoulos, D., Nagle, M., Mahayothee,
B., Miiller, J., 2015. Sorption Behaviour of Papayas
as Affected by Compositional and Structural
Alterations from Osmotic Pretreatment and
Drying. Journal of Food Engineering, 157, 14-23.

Van Campen, L., Amidon, G.L., Zografi, G,
1983.Moisture Sorption Kinetics for Water-Soluble
Substances I: Theoretical Considerations of Heat
Transport Control. Journal of Pharmaceutical
Sciences, 72(12), 1381-1388.

Vega-Galvez, A. Palacios, M. Lemus-Mondaca, R,
Passaro, C., 2008. Moisture Sorption Isotherms and
Isosteric Heat Determination in Chilean Papaya
(Vasconcellea pubescens). Quimica Nova, 31(6),
1417-1421.

Wang, H., Cao, G., Prior, R.L.,, 1996. Total Antioxidant
Capacity of Fruits. Journal of Agricultural and Food
Chemistry, 44, 701-705.

Wolf, W., Spiess, W.E.L.,, Jung, G., 1985. Properties of
Water in Foods in Relation to Food Quality and
Stability. D. Stimatos, J.L. Multon (Edt).
Standardization of Isotherm Measurement pp.
661-679. Dordrecht: Martinus Nijhoff Publishers.

Yogendrarajah, P., Samapundo, S., Devlieghere, F., De
Saeger, S., De Meulenaer, B., 2015. Moisture
Sorption  Isotherms and  Thermodynamic
Properties of Whole Black Peppercorns (Piper
nigrum L.). LWT-Food Science and Technology,
64(1),177-188.

Young, J.F,, 1967. Humidity Control in the Laboratory

Using Salt Solutions-A Review. Journal of Applied
Chemistry, 17, 241-245.

174


https://www.sciencedirect.com/science/journal/00223549
https://www.sciencedirect.com/science/journal/00223549

