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ABSTRACT

Effects of different pre-treatments (citric acid, blanching and salt water dipping) and drying conditions on rainbow trout
(Oncorhynchus mykiss) fillet samples at the cabinet laboratory type dryer were analyzed. Drying tests were carried out at 40, 50
and 60°C. According to the obtained results the moisture content was considerably affected by the pre-treatment type and drying
air temperature. When compared the drying times of rainbow trout fillet samples, it was observed that blanched>citric
acid>salted>control. The drying data for the moisture ratio versus time was fitted to 4 different thin-layer models. The best fit
for the simulated drying models was specified by use of the highest determination of coefficient value (R?), the lowest reduced
chi-square (x?) value and the lowest root mean square error (RMSE). The Midilli et al. model was found to be the most appropriate
model in explaining the drying properties of rainbow trout fillets.

Keywords: Rainbow trout, Hot air drying, Pre-treatment, Thin-layer models

GOKKUSAGI ALABALIGI’NIN KURUTULMASI UZERINE FARKLI ON-
ISLEMLERIN ETKIiSI

OZET

Gokkusagr alabaligi (Oncorhynchus mykiss) fileto numuneleri iizerinde farkli 6n-islem (sitrik asit, haglama ve tuzlu suya
daldirma) ve kurutma kosullarimin etkileri kabin laboratuvar tipi kurutucuda incelenmistir. Kurutma deneyleri sirastyla 40, 50 ve
60°C’de gerceklestirilmistir. Elde edilen sonuglara gore nem igerigi 6n-islem tiirti ve kurutma hava sicakligindan énemli dl¢iide
etkilenmistir. Gokkusagi alabaligi fileto numunelerinin kurutma siireleri karsilastirildiginda haslama>sitrik asit>tuzlu suya
daldirma>dogal oldugu gézlenmistir. Zamana karst nem orani igin kurutma verisi 4 farkli ince-tabaka modeline uydurulmustur.
Simiile edilen kurutma modelleri i¢in en iyi uyum en yiiksek determinasyon katsayis1 (R?) degeri, en diisiik indirgenmis ki-kare
(x?) degeri ve en diisiik kok ortalama kare hatas1 (RMSE) kullammuyla belirlenmistir. Midilli ve digerleri modeli Gokkusagi
alabaligi filetolarinin kurutma 6zelliklerini agiklamada en uygun model olarak bulunmustur.

Anahtar kelimeler: Gékkusag alabaligi, Sicak hava kurutma, On-islem, Ince-tabaka modelleri

1.INTRODUCTION

Increasing of world population day by day is required using more productive limited nutritional sources. Particularly not
increasing of animal protein sources regularly in spite of increasing world population continually, increases gradually per capita
animal protein deficit. In today's world it was understood that not only feeding of
people but also balancedly feeding is an important subject [1]. In Turkey important development is observed in recent years in
fisheries production and consumption area.

Either possessed extensive natural resources or improvements in technical, economical and social life are factors which affect
development of sector. Fisheries has an important position in closing the deficit of country’s population animal protein and in
reaching sufficient and balanced nutrition level. Substantial part of fishery products which are coached and preying in Turkey
are consumed as fresh. Another part is processed as animal feed in the fish meal and fat factories. This situation causes important
loss in national economy. As well as fisheries is a valuable foodstuff rich in protein, because of having poor meat structure in
respect of connective tissue it is a perishable foodstuff and in consequence of high pH and moisture content it deteriorates quicker
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according to other animal products [2]. Turkey has an important position in rainbow trout production. There are a large number
of rainbow trout, including rainbow trout, which breeds naturally and breeds in hatchery. Drying of consumption surplus is
important for long-term storage. Therefore, rainbow trout was used in this study.

Some conservation methods are used for rendering continuous consumption of fisheries by slowing down degradation
process. One of the oldest known drying methods is open sun drying. Natural sun drying is practiced widely in most tropical and
subtropical countries and also in Turkey. Drying is an evaporation process of foodstuff’s containing water under controlled
conditions. The most important purpose of this process is increasing of working life of products which has short working life. In
other words it is the oldest fish hardling method which removes fish’s water amount by drying and gets inappropriate level for
reproduction and growing of bacteria. Reduction of food’s moisture content to between 10 and 20% w.b. prevents bacteria, yeast,
mold and enzyme damage [3]. Recently solar and mechanical dryers have been introduced to speed up the drying process
considerably to give a product of acceptable quality and extended shelf life [4].

In the closed drying systems undesired changes taken place in the processes that committed high temperature short time or
low temperature long time with regard to heat treatment can be minimised by optimisation of methods which applied in processes
[5]. Most especially antioxidants’ decomposition in the hot drying and open drying process is an important quality loss. These
quality losses taken place can be eliminated by drying process at the low and high temperature [6].

In addition, improvement in dried foods quality can be achieved by applying various pre-treatments before drying process.
Pre-drying treatments like blanching and dipping in salt solution could also be used to improve quality [7]. Blanching, soaking
in solution inactivate the enzyme activities (quality reduction and deterioration reduced), and improve product acceptability [8],
[9]. Studies show that pre-treatment can speed up drying rate, improve quality of dried product, prevent browning, and help keep
volatile compounds [7], [10].

In this study, rainbow trout fish fillets were dried. The objective of this study was to study the effect of different pre-drying
(citric acid, blanching and salt water dipping) treatments and three different drying temperatures (40, 50 and 60°C) on the drying
time. Also Henderson and Pabis, Page, Logarithmic and Midilli et al., models were fitted to the experimental data for obtaining
the best model for the the drying kinetics of the fish fillets.

2. MATERIALS AND METHODS
2.1. Material

Rainbow trout (Oncorhynchus mykiss) was obtained from Carrefour SA in Istanbul, Turkey. The selected samples were
cleaned with tap water. Surface water was removed by blotting with an absorbent paper. The samples were cut into sheets (fillet)
with an average length of 10+£0.5 cm, average width of 5.0+0.5 cm and thickness of 1.2+0.2 cm. Dry matter and moisture contents
of the fresh samples were determined prior to drying process. To determine the initial moisture content, four 10 g samples were
dried in an oven (Memmert UM-400, Germany) at 105°C for 24 h [11]. The average initial moisture content of rainbow trout
was found as 71.95+0.02% w.b.

2.2. Application of Treatments

The samples were pretreated with different solutions for inactivation of enzymes. The pre-treatments selected for the present
study are as follows:

Salting: Samples were immersed in solution of 10% NaCl at room temperature for 3 min

Blanching: Samples were immersed in hot water at 80°C for 1 min and then immediately placed under running cold water for
at least 3 min to cool down to room temperature and finally drained

Citric acid: Dipping for 3 min in solution of 0.5% citric acid at room temperature

Control: Untreated samples

2.3. Drying Equipment and Drying Procedure

Drying experiments were performed in a cabinet laboratory type dryer installed in the Chemical Engineering Department of
Yildiz Technical University, Istanbul, Turkey. The dryer basically consists of a centrifugal fan, an electric heater, an air filter
and an electronic proportional controller. The air temperature was controlled by means of a proportional controller. Air velocity
was kept at a constant value of 1.0 m/s with an accuracy of +£0.03 m/s for all drying experiments, measured with a Testo 440
Vane Probe Anemometer, and flowed perpendicular to the bed. The samples were dried in the perforated square basket, which
had a flow cross-section of 30 cm x 30 cm. The air was circulated by a variable speed fan and heated by electricity.
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Experiments were performed at 40, 50 and 60°C. The fish sample, 50 g, was uniformly spread in a square basket in a single
layer after the desired drying conditions had stabilized. Weight loss of samples was measured by means of a load cell (REVERE
SHBXM CC) and was recorded at 30 min intervals during drying. The drying process was stopped when the moisture content
decreased to 18% (w.b.) from an initial value of 71.95% (w.b.).

2.4. Mathematical Modeling of Drying Curves

The moisture content of drying samples at time t can be transformed to moisture ratio (MR) [12].

MR:M 1)
MO - Me

where; M is the mean moisture content of fish samples at a specific time (g water/g dry matter), M, is the initial moisture
content (g water/g dry matter), Me is the equilibrium moisture content (g water/g dry matter).

The analytical solution of Fick’s second law is obtained as a slab geometry by assuming that the effective moisture diffusivity
is constant and that shrinkage is neglible, external resistance is neglible, and that there is uniform of initial moisture distribution
during the drying process [13]. Therefore, the effective moisture diffusivity coefficient was calculated by the following Equation
2:

2 2n+1)° .22.D
MM 3§ 1y (3]0,
Mo_ T n=0 2n+1 4.L

e

O]

where, D is the effective moisture diffusivity (m?/s), L is half-thickness of the fish slab (m), n is the positive integer and t
is the drying time (s). Only the first term of Equation 2 is used for long drying times [14], hence Equation 3 is rearranged and
the following expression can be obtained:

2
M= 8 7°.D
MR=—1t=—exp| -——"t ®)
M, =
The effective moisture diffusivity can be calculated from the slope (K) of In (MR) versus time (t) plot according to Equation
4.
2
8 7°.D
In(MR)=In| = |- Lt )
V4 4.
2
T Deﬂ‘
Ke——" (5)
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In the present study, the drying curves were fitted to four different thin-layer drying models to select a suitable model for
describing the drying process of fish fillet (Table 1).

Table 1. Mathematical models applied to the fish samples drying curves

Model name Equation References
Henderson and Pabis MR = A, exp (-k.t) [15]

Page MR =exp (-k.t") [16]
Logarithmic MR =aexp (-k.t)+c [1]

Midilli et al. MR = a exp ((-k.t") + (b.t)) [17]

Ao a, b, ¢, k, n: Constants in models, MR: Moisture ratio, t: Drying time
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In these equations, MR represents the moisture ratio of the samples at any time and t is the drying time. The obtained data
were fitted to the models and their corresponding constants were calculated using Statistica 6.0 program software (Statsoft Inc.,
Tulsa, OK). The coefficient of determination (R?) is one of the primary criteria for selecting the best model to define the drying
curves. In addition to R?, the reduced chi-square (%) and root mean square error (RMSE) values are used to determine the quality
of the fit and they are calculated using Equations 6 and 7, respectively.

N 2
A [MR MR j
2 _i=1l el pre. 1 (6)
X = N-z
\ 2
RMSE = 1 > (MR _—MR ) (7
N;Zq pre,i exp, i

where MRexp,i and MRy i are the experimental and predicted dimensionless MR, respectively, N is the number of data values,
and z is the number of constants of the models. The best model describing the drying characteristics of samples was chosen as
the one with the highest R?, the least »? and RMSE [14].

3. RESULTS AND DISCUSSION
3.1. Drying Curves

3.1.1. Influence of pre-treatment and temperatures on drying time

The drying curves of moisture content versus drying time for pretreated and control samples are presented in Figure 1.
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Figure 1. Variations of moisture content versus drying time for the control and various pretreated fish fillets at different

temperatures

According to the results present in Figure 1, pre-treatment is very important parameter that affects the drying time. Also, the

drying air temperature had a significant effect on the moisture content of the fish samples as expected. The results showed that
drying time decreased greatly when drying temperature increased. Similar results were also reported for meat products by earlier
researchers [18], [19]. The pretreated fish samples dried faster than the control samples, thus confirming the fact that pre-
treatment reduces the resistance to the movement of moisture, thereby increases the drying rate. Comparing the drying times of
fish samples, it was concluded that blanched>citric acid>salted>control. Drying time of blanched fish samples was found to have
a shorter drying time by comparison with other pretreated (citric acid and salting) samples and the results show that blanching
pre-treatment was more effective method in rainbow trout drying. The drying time required to reach final water content 18%
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(w.b.) for pretreated with blanching was 360 min at 40°C. When the moisture ratio reduced to 20% an adequate drying was done.
Itis possible to decrease to this value till 15% to prevent mold growth [20], [21]. Corresponding values for citric acid, salted and
control fish samples were 570, 600 and 660 min, respectively. The difference in drying times of pretreated samples with
blanching was shorter 36.85%, 40%, and 45.46% than citric acid, salted and control fish samples, respectively. Similar trends
were observed at drying temperatures of 50 and 60°C. Baslar et al. reported that for the oven drying technique trout fillets dried
at 1200, 1050 and 930 min for the 55, 65 and 75°C, respectively. The results show that hot air drying worked in this study is the
faster drying technique compared with oven drying in the mentioned study[22]. Besides, in this study pretreated samples had
shorter drying times.

3.2. Modeling of Drying Curves

Thin-layer drying models have significant practical value to engineers for the preliminary evaluation of hot air drying
operations. The moisture contents of samples were transformed into dimensionless moisture ratio to perform modeling studies
easily. The values of the moisture ratio of fish samples were calculated using Equation 1. The experimental moisture ratios were
fitted to four thin-layer drying models shown in Table 1. The statistical results from models are summarised in Tables 2-4.

Table 2. Curve fitting criteria for the various mathematical models and parameters of pretreated and control samples at

40°C
Pre-treatment
Models Parameters Blanching Citric acid Salting Natural(control)
Henderson & Pabis R? 0.9949 0.9919 0.9919 0.9947
x2 0.000449 0.000650 0.000658 0.000419
RMSE 0.019492 0.024187 0.023437 0.019547
Page R? 0.9953 0.9939 0.9971 0.9956
12 0.000422 0.000492 0.000245 0.000347
RMSE 0.018887 0.021048 0.014900 0.017788
Logarithmic R2 0.9951 0.9983 0.9996 0.9990
x2 0.000474 0.000145 0.000033 0.000081
RMSE 0.019090 0.011111 0.005294 0.008385
Midilli et al. R? 0.9986 0.9996 0.9997 0.9997
x2 0.000157 0.000044 0.000026 0.000037
RMSE 0.010425 0.005941 0.004550 0.005518

Table 3. Curve fitting criteria for the various mathematical models and parameters of pretreated and control samples at

50°C
Pre-treatment
Models Parameters Blanching Citric acid Salting Natural(control)
Henderson & Pabis R? 0.9982 0.9962 0.9928 0.9799
x2 0.000181 0.000352 0.000649 0.001882
RMSE 0.012039 0.017119 0.023709 0.040363
Page R? 0.9991 0.9962 0.9946 0.9920
x2 0.000092 0.000353 0.000485 0.000749
RMSE 0.008581 0.017142 0.020489 0.025460
Logarithmic R? 0.9984 0.9980 0.9989 0.9991
12 0.000189 0.000197 0.000113 0.000090
RMSE 0.011517 0.012166 0.009488 0.008465
Midilli et al. R? 0.9997 0.9999 0.9997 0.9991
x2 0.000045 0.000007 0.000032 0.000099
RMSE 0.005169 0.002124 0.004822 0.008513
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Table 4. Curve fitting criteria for the various mathematical models and parameters of pretreated and control samples at 60°C
Pre-treatment

Models Parameters Blanching Citric acid Salting Natural(control)
Henderson & Pabis R 0.9946 0.9941 0.9944 0.9900
x2 0.000634 0.000639 0.000585 0.000856
RMSE 0.021805 0.022277 0.021624 0.026703
Page R? 0.9948 0.9962 0.9957 0.9961
x2 0.000616 0.000530 0.000452 0.000422
RMSE 0.021494 0.020300 0.019013 0.018741
Logarithmic R? 0.9992 0.9980 0.9985 0.9910
x2 0.000069 0.000254 0.000173 0.000854
RMSE 0.006585 0.013001 0.010998 0.025310
Midilli et al. R? 0.9992 0.9997 0.9996 0.9980
12 0.000145 0.000056 0.000045 0.000206
RMSE 0.008515 0.005553 0.005222 0.011726

The best model describing the thin-layer drying characteristics of fish samples was chosen as the one with the highest R?
values and the lowest 2 and RMSE values. In all cases (from Tables 2-4), the statistical parameter estimations showed that R?,
2 and RMSE values were ranged from 0.9865 to 0.9999, 0.000007 to 0.001051, and 0.002124 to 0.031035, respectively. As seen
from the tables, the R? values were higher than 0.9865, indicating a good fit since R? value close to unity implies that the predicted
drying data were near the experimental drying data. This means that all established models successfully described the relation
between time and MR. In other words; in fact, the MR of the samples at any time of the drying process could be predicted using
these models. Another statistical parameters calculated to compare the model’s accuracy were the y> and RMSE values, which
represent the differences between the predicted and experimental values. Therefore, the fact that 2> and RMSE are close to zero
is desired. As expected, the Midilli et al., model gives the highest values of R? and the lowest values of y?> and RMSE values for
pretreated and control fish samples. The Midilli et al. model was also suggested by Darvishi et al. [12] to describe drying of
sardine fish. On the other hand the logarithmic model was found to be the most suitable in describing the drying characteristics
of rainbow trout fillets according to Ismail and Gokce Kocabay [23].

3.3. Effective Moisture Diffusivity
On the basis of Fick’s second law, effective moisture diffusivity was calculated from Equation 5 and is shown in Table 5.

Table 5. Values of effective moisture diffusivity obtained from trout fillets dried at different temperatures and pre-

treatments
Temperature (°C) Pre-treatment Dett (m?/s)
Blanching 242 x10°
Citric acid 1.42 x 10°
40 Salting 1.38 x 10°
Natural (control) 1.29 x 10°°
Blanching 3.34x10°
Citric acid 2.48 x 10°
50 Salting 2,03 x 10°
Natural (control) 2.05x10°
Blanching 3.91x10°
Citric acid 3.71x10°
60 Salting 3.03 x 10°
Natural (control) 2.28 x10°
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As seen in Table 5, the effective moisture diffusivity values were found to be between 1.29x10° and 3.91x10° m?/s. As
expected, effective moisture diffusivity values increased with pre-treatment and increase in drying temperature; it was also
observed that the effective moisture diffusivity values were higher for blanching pre-treatment as compared to natural drying.
Baslar et al. reported that the values of Dessremain within the general range of 102 to 10 m?/s for food materials [18].

4. CONCLUSION

When dried, the weight and volume of the rainbow trout is reduced, thus becoming smaller. This makes it easy to
transportation and storage. The speed of other reactions, such as enzymatic, non-enzymatic, oxidation, decreases. Microbial
degradation is also prevented. Thus, long shelf life is obtained as a result of drying.

In this study the effect of different pre-treatments and temperatures on drying of rainbow trout fish samples were investigated.
The pre-treatment process decreased the drying time of fish fillets by comparison with control samples. Also, pretreated samples
with blanching had shorter drying times (hence higher drying rates) by comparison with citric acid, salted and control fish
samples. Drying data obtained were fitted to four thin-layer drying models and goodness of fit was determined using R?, 2, and
RMSE values. The Midilli et al. model gave the best representation of drying data under all experimental conditions. On the basis
of Fick’s second law, effective moisture diffusivity was calculated by Crank’s equation. The effective moisture diffusivity values
were significantly increased when blanching pre-treatment compared with natural drying. In view of the short drying time, the
optimal drying temperature was found to be 60°C. The results of this study proved that the experimental parameters and drying
technique used in this study could be used to store rainbow trout of a certain size.
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