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ABSTRACT

Drying is applied to lower the moisture content of fish to a level that can prevent the growth of mould
and infestation of micro-organism and thus minimizes microbial degradation. The goal of this work was
to optimize the process conditions during electrical oven drying of catfish. Moisture content (MC) was
quantitatively investigated during the drying process of catfish sizes using response surface methodology
(RSM) to obtain minimum moisture content. The independent process variables for the drying process
were temperature (50-70 °C), product thickness (10-20 mm), salt concentration (0-20%) and drying time
(480-600 min.). Two factorial interaction (2FI) regression model describing the effects of independent
drying process variables on the moisture content was developed. The effects of temperature and drying
time were more pronounced for MC than the thickness and salt concentration.The optimum conditions
were found to be temperature =63.43 °C, product thickness=14.81 mm, salt concentration=9.07% and
drying time = 600 min. At these optimum conditions, moisture content was found to be 2.64% w.b. Val-
idation of experimental results with the empirical model was evaluated using coefficient of correlation
(R?) which was found for the model equation as, R? =0.994.

© 2019 “Society information”. Production and hosting by Elsevier B.V. on behalf of KeAi
Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Fish is among a class of aquatic vertebrates which is an impor-
tant source of high quality protein in human diet. It contains about
80% of water in its fresh state and it is a highly perishable food
product with a very short shelf life. In Nigeria, fish is consumed
fresh, preserved or processed (smoked) and form a much cher-
ished delicacy that cuts across socio-economic, age, religious and
educational barriers [1]. While living through the water, the fish
takes a large number of bacteria into its gut from water sediment
and food [2]. Fish is ideal for human consumption and increased
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shelf life when subjected to some form of processing. When the
fresh fish is not utilised by consumers and converted into finished
product then it remains surplus and goes to waste. Drying of fish
is important due to the fact that it preserves fish by inactivating
enzymes and removing the moisture necessary for bacterial and
mould growth [3,4,7]. Fish is a food product with excellent nutri-
tional value, providing high quality protein and a wide variety of
vitamins and minerals including vitamins A and D, phosphorus,
magnesium, selenium and iodine. Fish in its dried form is one of
the most important exported marine products in many countries
such as Turkey, Iran, India, Thailand, Russia, China, Malaysia and
United states. The fishery sector is estimated to contribute 5% of
Nigeria’s Gross Domestic Product (GPD) and provides direct and
indirect employment to over six million people [5].

The physico-chemical changes in the fish product after harvest
leads to spoilage which begins as soon as the fish dies. Spoilage is a
metabolic process which renders food product undesirable or unac-
ceptable for human consumption due to changes in sensory and
nutritional characteristics [6]. In other to prevent spoilage in food
product, several important preservative techniques to maintain
quality is employed and these include processes like smoking, cool-
ing, sun-drying, and drying in electrical and solar dryers and also
the use of pre-treatments such as salt, which helps to retard bacte-
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rial action and, in addition, it aids the removal of water by osmosis.
The need for the development of fish preservation and processing
machinery and techniques for effective fish handling, harvesting,
processing and storage can never be over-emphasized especially
now that aquaculture production is growing rapidly in Nigeria [30].
Efficient preservation of fish is important when top quality, maxi-
mum yield and highest possible profits are to be achieved.

Multivariate analysis is a statistical method that measures
relationships between two or more response variables [17]. Mul-
tivariate techniques allow researchers to look at relationships
between variables in an overarching way and to quantify the rela-
tionship between variables, by attempting to model reality where
each situation, product or decision involves more than a single
factor. Multivariate techniques control the association between
variables by using cross tabulation, partial correlation and multiple
regressions, and introduce other variables to determine the links
between the independent and dependent variables or to specify
the conditions under which the association takes place. Multivari-
ate analysis in a broader scope gives the researcher the ability to
collect a more realistic picture than looking at a single variable.
Furthermore, multivariate techniques provide a powerful test of
significance compared to univariate techniques [17,31].

Experimental design methodology is an important approach to
solving scientific and engineering problems. It application has been
used by researchers such as Arabi etal.[18] to evaluate the influence
of pH of the sample solution, the amount of adsorbent, sonica-
tion time, eluent and washing solvent volumes on the cleanup and
extraction efficiency of hydrochlorothia zide (HCT) in human urine.
Ostovan et al. [19] adopted central composite design with rapidity
and reliability to investigate the effect of multitemplate molecu-
larly imprinted biopolymer (mt-MIBP) mass, sonication time and
eluting solvent types and volume on ultrasound- assisted dis-
persive solid-phase extraction (d-SPE) efficiency for simultaneous
recognition and separation of B-family vitamins in juice samples.

Ostovan et al. [20] on the other hand used technique such as
SEM, VSM, FT-IR, XRD and TGA to verify the high suitability of
biopolymer network with unprinted cavity grafted on the surface of
Fe304 cores which possesses an influential SiO, layer for trapping
and accumulation of selective dispersive solid phase extraction
(d-SPE) and selective separation of baclofen from urine samples.
Ostovan et al. [21] employed experimental resign methodology to
investigate the influence of sonication time, pH, sorbent dosage,
volume of eluent and washing agents as well as the interaction
on the extraction efficiency of ultrasonic-assisted dispersive solid
phase extraction of urine sample using glibenclamide (GB) as tem-
plate, methacrylic acid (MAA) as functional monomer, ethylene
glycol dimethacrylate as cross-linker (EGDMA) and mesoporous
MCM-48 nanospheres as support in a hollow porous molecularly
imprinted polymer.

Arabi et al. [22] employed central composite design to inves-
tigate and optimize the impact of influential variables such as
pH amounting sorbent, sonication and eluent volume on recovery
efficiency and reflection rate of acrylaride in potato chips in a mag-
netic dummy molecularly imprinted nanoparticles (MDMINPS).
Arabi et al. [23] adopted central composite design under response
methodology investigate and optimized the effects of parame-
ters such as sample-to-dispersant-ratio and eluent volume on
extraction recovery in a dummy molecularly imprinted based
on functionalized silica nanoparticles for determination of acry-
lamide in processed food using matrix solid phase dispersion. Arabi
et al. [24] also adopted experimental design methodology under
response surface methodology to optimize the effects of sample pH
amount of sorbent and eluent, and washing solvent volumes on the
extraction efficiency for the solid phase extraction of hippuric acid
(HA) from human urine using 3-aminopropyl trimethoxysilane as
the functional monomer, tetraethoxysilane as the cross-linker and

hippuric acid as template in a molecularly imprinted nanoparticles
(MINPS).

In an experiment for the synthesis and application of func-
tionalized silica monolithic as artificial receptor of gallic acid at
micro-pipette tip, Arabi et al. [25] employed experimental design
methodology to investigate and optimize the effective parameters
in extraction recovery of micro extraction for the separation and
determination of gallic acid in orange juice samples using tetraethyl
orthosilicate (TEOS) as cross-linker, 3-aminopropyl trimethoxysi-
lane (APTMS) as functionalized monomer, gallic acid as template
and thiourea as precursor.

Drying is a complex thermal process in which unsteady heat
and moisture transfer occur simultaneously. Diffusivity is used to
indicate the flow of moisture out of material during drying and is
considered to be a relevant transport property necessary for the
correct modelling and understanding of the food drying process
[12]. In addition, improving drying processes by reducing energy
consumption and providing high quality product with minimal
increase in economic input has become the goal of modern dry-
ing [28]. As catfish is one of the most consumed fish food product
in Akwa Ibom State of Nigeria, it can be preserved by employing
better processing techniques to increase its shelf life while still
retaining its nutritional content. Hence the present study aim to
use central composite rotatable design (CCRD) of response surface
methodology (RSM) as a tool to optimize the processing conditions
(drying temperature, thickness, salt concentration and drying time)
to obtain a minimum moisture content for dried catfish.

2. Materials and methods

The methodology involved drying of the catfish at different pro-
cess treatment combinations, determination of moisture content
and optimization of response parameters with RSM.

2.1. Determination of moisture content

The initial moisture content of the fish used for the study was
determined using the oven drying method as described by ASABE
[32] and adopted by Oparaku and Mgbenka [26]; Ichsani and Dyah
[9]; Ikrang et al. [10]; Jain and Pathare [11] in Eq. (1).

My — M,
1

M = x 100 (1)
Where M is the moisture content of the sample, %w.b; My is the
initial mass of the sample or wet mass, g; M, is the final mass of
the sample or dry mass, g.

2.2. Experimental design and statistical analysis

The ranges of the levels of the experimental conditions were
selected based on preliminary trials and literatures. The indepen-
dent variables considered in this study were Drying temperature,
Dt (50, 60 and 70°C), Thickness, T (10, 15 and 20 mm), Salt con-
centration, S (0, 10 and 20%) and Drying time, D; (480, 520 and
600 min.). A 4 x 3 central composite rotatable design (CCRD) of
Response Surface Methodology [13,16] was used to understand the
individual and interactions effect of drying temperature, thickness,
salt concentration and drying time on the moisture content of the
dried catfish.

The CCRD involved thirty experiments for each of the four dry-
ing process factors with 4 axial points and 6 replications at the
center points [14]. Coded values of the independent variables (-1,
0, 1) were used, the coded values —1, 0 and 1 represent the lowest,
medium and highest levels respectively. The coded values are set
outin Table 1, while the independent variables, the coded variables
and their coded and actual levels are shown in and Table 2. The
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Table 1
Codes, actual levels and intervals of the independent variables for drying process
parameters.

i Levels
Factors Units Code
-1 0 1
Temperature °C X1 50 60 70
Thickness Mm X3 10 15 20
Salt concentration % X3 0 10 20
Drying time min. X4 480 520 600

response function Y (dependent variable) was moisture content,
M¢. The following second-order polynomial model for the response
is represented in Equation 2 as:

2 2 2 2
Y= ﬂO =+ i1 ,BIXI + i=1'3”X i+ i1 i1 IBIJXIXJ (2)

Where Y = Response (Mc, %wb); Bp = Constant term; 21.2:1,3,- =

Summation of coefficient of linear terms; Z,'Zzlﬂii = Summation

of quadratic terms; 21.2:] jzzmﬂ,-j = summation of coefficient of

interaction terms; X;X; = independent variables

The analysis of variance (ANOVA) Table was generated, the effect
and regression coefficients of individual linear, quadratic and inter-
action terms were determined. The significance of all the terms in
the polynomial was judged statistically by computing the p-value
(Prob.> F) at 5% significance level. Response surfaces plots were
generated with the help of commercial statistical package, Design-
Expert — version 6.0.6 Stat-Ease Inc., Minneapolis, MN 55413,
USA.

2.3. Preparation of sample for experiment
The fresh African catfish specie (Clarias gariepinus) was obtained
from Domita Farms Nigeria Ltd., Uyo, Akwa Ibom State, Nigeria.

The samples were thoroughly washed with tap water to remove
dirt and other foreign materials. In order to preserve its original

Table 2

quality, they were stored in a refrigerator at —20°C until drying
experiment was carried out. The fresh catfish samples were then
removed from the refrigerated storage and kept under surround-
ing environmental conditions for the ice to thaw and they were cut
into the desired thickness of 10, 15 and 20 mm by a manual dicer
to maintain relatively equal size and salt was applied to each thick-
ness of the fish at 0, 10 and 20% concentration and made ready for
the actual drying experiment. Then samples were weighed using
electronic weighing balance to an accuracy of 0.01 g. The number
of samples were prepared as specified in Table 2.

2.4. Experimental procedure

The prepared samples were subjected to the drying experiments
at different treatment as presented in Table 2. For each treatment
or experimental run, the oven was set at a specified drying tem-
perature of 50, 60 or 70°C and the fish thickness of 10, 15 or 20
mm blended at salt concentration of 0, 10 or 20% was kept in the
oven and allowed to dry for a specified drying time of 480, 520 or
600 min, according to the factors combinations of the experimen-
tal design (Table 2). For each batch of dried sample, the weight of
the sample and moisture content were recorded. The runs were
replicated three times.

2.5. Optimization

Numerical and graphical optimization methods of optimization
were carried out for the independent variables to obtain the fish
moisture content with minimum percentage moisture using Design
Expert software. Conventional graphical method was applied to
obtain minimum moisture level. Predictive models were used to
graphically represent the systems. Response surface plots of the
response variables were utilized to select optimum combinations of
drying temperature, thickness, salt concentration and drying time
for the drying of catfish.

Results for moisture content in the processed catfish observed under varying drying process conditions.

Run Order Temperature (°C) Thickness (mm) Salt Conc. (%) Drying Time (min.) Moisture Content (%)
1 -1 -1 -1 -1 25.86
2 1 -1 -1 -1 7.01
3 -1 1 -1 -1 43.50
4 1 1 -1 -1 14.41
5 0 0 0 -1 20.39
6 -1 -1 1 -1 7.97
7 1 -1 1 -1 45.86
8 -1 1 1 -1 16.16
9 1 1 1 -1 21.53
10 0 0 -1 0 11.46
11 0 -1 0 0 13.45
12 -1 0 0 0 8.08
13 0 0 0 0 12.52
14 0 0 0 0 12.58
15 0 0 0 0 12.46
16 0 0 0 0 12.49
17 0 0 0 0 12.35
18 0 0 0 0 12.55
19 1 0 0 0 14.62
20 0 1 0 0 3.20
21 0 0 1 0 13.52
22 -1 -1 -1 1 2.93
23 1 -1 -1 1 3.76
24 -1 1 -1 1 3.18
25 1 1 -1 1 3.35
26 -1 -1 1 1 3.36
27 1 -1 1 1 2.64
28 -1 1 1 1 3.10
29 1 1 1 1 2.96
30 0 0 0 1 2.66
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Table 3

Regression analysis for response surface 2FI model.
Regression terms Value
R? 0.7183
Adjusted R? 0.57
Predicted R? —0.865
Adequate Precision 8.7
Std. Dev. 7.07
Mean 12.33
CV. 57.34
PRESS 6288.89

Note: FI=Factorial Interaction; Std. Dev. = Standard Deviation; C.V. = Coefficient of
Variation; PRESS = Predicted Sum of Square.

Table 4

ANOVA for response surface 2FI model for moisture content of dried fish.
Source Sum of Squares DF Mean Square F-Value Prob>F
Model 2422.17 10 242.22 4.84 0.0016
A 0.22 1 0.22 4.45E-03 0.9475
B 0.12 1 0.12 2.34E-03 0.962
C 0.15 1 0.15 2.99E-03 0.957
D 1696.53 1 1696.53 33.93 <0.0001
AB 114.7 1 114.7 2.29 0.1463
AC 498.85 1 498.85 9.98 0.0052
AD 1.45 1 1.45 0.029 0.8665
BC 104.86 1 104.86 2.1 0.1639
BD 5.06 1 5.06 0.1 0.7538
D 0.23 1 0.23 4.51E-03 0.9471
Residual 949.93 19 50
Lack of Fit 949.9 14 67.85 10254.4 <0.0001
Pure Error 0.033 5 6.62E-03
Cor Total 3372.11 29

Note: A represent Temperature, B represent Thickness, C represent Salt Concentra-
tion and D represent Drying Time.

3. Results and discussion

The effects of variation in moisture level of the catfish was stud-
ied by changing the drying temperature, thickness of the product,
salt concentration and duration of drying and a second order poly-
nomial equation was fitted with the experimental data.

3.1. Statistical analysis of result on model fitting

The experimental response (moisture content) as a function of
drying process conditions like Temperature (A), Thickness (B), Salt
Concentration (C) and Drying Time (D) during drying of catfish
slices are presented in Table 2.

The value of moisture content (% w.b) was within the range
of 2.64-45.86%. Regression analysis and ANOVA results of the 2FI
model are shown in Tables 3 and 4. The model F-values of the
response was 4.84 implying that the model is significant. At the
same time the moisture content showed significant Lack-of-Fit.
These values indicated that the model for predicting the moisture
level of dried catfish was fitted and reliable. The adequacy of the
model was further checked by Coefficient of determination (R?)
and was found to be 0.7183 (Table 3). High value of coefficient
of determination obtained for response variable indicated that the
developed model for MC accounted for and adequately explained
71.83% of the total variation. The value of adequate precision is
8.7, adequate precision obtained in this study is greater than 4.0
indicating that this response had better precision and reliability.

3.2. Effect of drying process variables on moisture content
Moisture level is an important parameter in sea food process-

ing. It indicates the amount of water evaporated from the sample
when subjected to any form of heat. The regression equation which

describes the effects of drying process variables on moisture con-
tent in terms of actual values of the variable is given in Eq. (3).

MC = 76.83 — 0.015A + 4.72B — 2.47C — 0.16D — 0.054AB
+0.056AC + 5.02 x 10~4AD — 0.051BC
—-1.88 x 1073BD — 1.98 x 1074CD (3)

Where MC = Moisture content, % w.b; A= Temperature, °; B = Prod-
uct thickness, mm; C = Salt concentration, %; D = Drying time, min.

The linear positive terms indicated that moisture level in the fish
increased with increase in temperature, thickness, salt concentra-
tion and drying time. The presence of positive interaction terms
between temperature and salt concentration as well as tempera-
ture and drying time indicated thatincrease in their levels increased
moisture content of the product. While, the negative interaction
terms between drying temperature and product thickness, thick-
ness and salt concentration, thickness and drying time as well as
salt concentration and drying time indicated that increase in their
levels further decreased moisture content of the product during the
drying process.

To visualize the combined effects of four variables on the mois-
ture content of the product during the drying process, the response
surface plots (Fig. 1a-f) were generated for the fitted model as
a function of two variables thereby keeping the third variable at
its central point. The moisture content of the product decreased
gradually during the drying process with increase in drying time,
temperature and salt concentration (Fig. 1a,band d). Also, the mois-
ture content decreased rapidly in the early stages of drying process,
after which the rate of moisture loss from catfish slices sample con-
sidering the thickness of the product gradually slowed down with
time (Fig. 1c, e and f). Perry [27] reported that drying period during
which the instantaneous drying rate continually decreased which
was referred to as falling rate period and that the falling rate is
affected by drying temperature, thickness of the product etc.

The higher temperatures and time seem to accelerate the rate
of moisture loss (Fig. 1a-d) through shrinking of cell membranes
as well as the better moisture transfer characteristics on the prod-
uct surface due to higher properties of the drying medium [4]. The
moisture level in the product decreased with increase in the drying
temperature (Fig. 1d and e) and also with a corresponding increase
inthe drying time (Fig. 1a,band c) throughout the entire drying pro-
cess. Similar findings have been reported for oven drying of other
fish products by Duan et al. [8]; Rozainee et al. [29]; Wu and Mao
[33]; Mwithiga and Mwangi [15].

3.3. Numerical optimization of drying process conditions

The criteria for the variables were set such that the independent
variables (temperature, thickness, salt concentration and drying
time) would be minimum looking at an economical point of view.
The measures for constraints optimization was minimum possible
moisture content in the fish product. The desired goals for each
factor and response are shown in Table 5. For the optimization of
the process parameters for the catfish drying process by numerical
optimization which finds a point that maximizes the desirability
function; equal importance of ‘3’ was given to all the four drying
process parameters and the response.

3.4. Verification of the model for drying of catfish

Drying experiments were conducted at the optimum dry-
ing process condition at temperature=63.43°C, product
thickness=14.81 mm, salt concentration=9.07% and drying
time = 600 min, for testing the adequacy of the model equation for
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Table 5

Criteria and output for numerical optimization of oven drying process conditions.
Drying criteria Unit Lower limit Upper limit Optimization Goal Relative Importance Output
Temperature °C 50 70 Range 3 63.43
Thickness mm 10 20 Range 3 14.81
Salt concentration % 0 20 Range 3 9.07
Drying time min. 480 600 Range 3 600
Moisture content % w.b 2.64 45.86 Minimize 2.64
Desirability 0.994

Table 6

Optimum drying process parameters for the drying operation.
Temperature (°C) Thickness (mm) Salt conc. (%) Drying time (min.) Predicted moisture Measured moisture Desirability

content (% w.b) content (% w.b)

63.43 14.81 9.07 600 2.64 3.05 0.994

predicting the response values. The predicted optimum and the
measured values of the response (moisture content) by the model
equation are presented in Table 6. It was observed that the experi-
mental values are very close to the predicted values for moisture
content. Therefore, it is deduced from the above discussion that
the model is adequate enough to assess the behaviour of the drying
process conditions of the catfish sizes.

4. Conclusion

It was concluded from this study that the solution temperature
and drying time were the most pronounced factors affecting mois-
ture content of catfish sizes during electrical oven drying process
and closely followed by product thickness and salt concentration.
Response surface methodology was effective in optimizing the dry-
ing process parameters for the drying process of the different sizes
of catfish in an oven.

Analysis of variance has it that the effects of the drying process
variables were statistically significant. Second order polynomial
model was obtained for predicting the moisture content. The
optimal conditions for minimum moisture loss correspond to
temperature of 63.43°C, product thickness of 14.81 mm, salt con-
centration of 9.07% and drying time of 600 min., in order to obtain
moisture content of 2.64% w.b. Conformation of the experimental
results with the empirical model was evaluated using correla-
tion coefficient (R?) which was found for the proposed model as,
R?=0.994.
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