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Abstract: Salted and unsalted Klunzinger's mullet Planiliza klunzingeri were dried using
infrared halogen dryer with different temperatures (60, 65, 70, 75 and 80)°C and different
storage periods (0, 7, 14, 21, 28 and 35) days and studying their qualitative characteristics.
The results showed that the moisture content decreased as drying time increased. The
drying efficiency of the halogen dryer was 70.36 % at 60 °C and decreased as the drying
temperature increased. Chemical composition of dried fish (salted and unsalted) showed
that the moisture percentage was decreased, but the percentage of protein, fat and ash was
increased after drying process. The percentage of moisture increased during the storage
periods (0, 7, 14, 21, 28 and 35) days, unlike the other chemical composition percentages
were decreased with increasing storage periods. The results showed that the rehydration
was decreased with the increase of drying temperatures for salted and unsalted dried fish.
Moreover, the results showed that there was an increase in TBA after the drying process
and during the storage periods. In addition, the results revealed that the microbial content of
dried salted and unsalted fish was decreased. The results illustrated that the first order
model can be used to predict pH value during storage periods. Artificial neural network
(ANN) model had a good result of predicted moisture content.

Keywords: Fish, Planiliza klunzingeri artificial neural network, halogen dryer, qualitative characteristics,
Microbiological content.

Introduction

Drying leads to stop food damage by stopping
the activity of bacteria, fermentation, and
enzymes (Gates, 2015). Dried foodstuffs
retains its flavor and nutritional value, easy
prepared as well as it is light weight (Scanlin,
1997). Drying processes have been known
since ancient times as a food preservation
method (Guiné, 2018; Dubey et al., 2020).
The natural sun drying is one of the oldest
conservation methods, which are known by
humans and used by the people of the Arab
countries to dry the fruits and vegetables from
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one season to another (Al-Rubai’y et al.,
2020). The natural sun drying needs great
areas, high temperatures, low moisture, no
rainy weather and needs to long drying time
(Lasisi et al., 2020). The natural sun drying
method leads to occurrence of some negative
changes in foodstuffs, and this related to the
many factors, such as, weather conditions,
pollution with  microorganisms, dust and
insects, this led to the non-exploitation
economically on a large scale (Darvishi, et
al., 2013). Pochont et al. (2020) and Solanki
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(2020) stated that the solar dryer has a better
quality compared to open sun drying (natural
sun drying). Dried fish should be stored in a
hygienic cool and dry environment (Kubra et
al., 2020).

Fish represents a high source of protein and
fats (Nath et al., 2020). Fresh fish can be
easily damaged, as well as its shelf life is
short. The damage starts after 12 hours of
fishing, especially in hot and warm weather
(Darvishi, et al., 2013). Fish meat is spoiled
by self-decomposition (enzymatic), chemical
reactions (oxidative stress), microbial activity
and by the combined of these three factors
(Huss, 1995; Chen et al., 2020). In recent
times, modern techniques have been used to
drying fish. Kumar (2015) referred to the use
of microwave drying technology or
conventional oven in the drying processes.
Fish dried with microwave gave a high drying
efficiency. In addition, the increase in storage
period of salted dried fish was higher than
unsalted dried fish, and the possibility of
using industrial solar collectors in drying
different types of fish (Al-Rubaiy et al.,
2020). Al-Temimi (2018) dried silver carp
fish using microwave technology. Al-Fadhli
(2009) dried Thelah fish (Scomberoides
commersonnianus) using a solar dryer. Lithi
et al. (2020) studied quality change of Mola
(Amblypharyngodon mola) in open sun drying
and solar tent dryer, the researchers found that
the moisture content of Mola from solar tent
dryer was significantly (P<0.05) lower
compared to the open sun rack dryer and
protein, lipid, ash and TVB-N content was
significantly (P<0.05) higher in solar tent
dried compared to the open sun rack dryer.
Hardoko & Utami (2020) declared that the
boiling time and drying duration had an effect
on the chemical-physical properties of the
rambak crackers of white snapper fish skin.
Infrared ray is used to dry food with high
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efficiency (Aboud et al., 2019). Al-Temimi et
al. (2019) stated that the radio-frequency
heating can be used for food drying. Halogen
oven is characterized with highly effective
when it is used as a source of energy, which
converts more than 85% of its electric energy
into thermal energy (Pan & Atungulu, 2011).
The same studies indicated that the use of
halogen ovens to cook food is faster and
cleaner than microwave ovens because of
their characteristics are : the thermal emission
outside the device is low and without fumes
and there are not smells when they are used,
in addition to that, the operating temperature
ranges between 20-250°C (Pan & Atungulu,
2011). Al-Hilphy, et.al. (2011) have used the
halogen oven to dry some vegetables and
fruits. Klunzinger's mullet  Planiliza
klunzingeri is a member of the Mugilidae
family with 79 valid species around world
(Fricke et al., 2020), including nine species
and four genera which are Ellochelon, Mugil,
Osteomugil and Planiliza in Irag (Ali et al.,
2018), with three species (P. klunzingeri, P.
subviridis, Osteomugil speigleri) most
common in Iragi marine waters (Mohamed et
al., 2016); All mugilid fishes are live in and
temperate seas. Chiefly marine (coastal) and
brackish water; some in freshwater (Planliza
abu only is live in fresh and estuaries) (Froese
& Pauly, 2019).

There are no published literatures in Irag on
drying fish by halogen energy. Therefore, the
parameters of Kkinetic drying and effect of

drying temperature on the qualitative
characteristics of dried fish using halogen
energy is un known. Moreover, Fish

Klunzinger's mullet Planiliza klunzingeri are
abundant in Basrah province, and they are
highly perishable, therefore the study aimed
to investigate the drying of Klunzinger's
mullet fish using halogen dryer and study it is
effect on the microbial and chemical
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properties of dried fish at different drying
temperatures and storage periods. In addition,

Materials & Methods

Klunzinger's mullet Planiliza klunzingeri was
obtained from local markets in Basrah
province, with a weight of 200 g and a length
of 20 cm. The samples were transported in a
refrigerated container to the food engineering
laboratory in Department of Food Sciences.
The fish were washed by tap water, beheaded
and opened from the ventral side as well as the
internal organs and glands were removed.
Some of the fish were unsalted and the others
were salted with concentration of 10 % NaCl
then left for 30 minutes at room temperature to
remove the maximum amount of moisture.
After that, fish was weighed and dried by
halogen dryer (A digital halogen dryer made of
HE. House Co.). It consists of a Pyrex
container of 12 L capacity, glass cover
provided with halogen lamp (1300 W power)
as a heat source and fan with speed of 1500
rpm.  Mercury thermometer was used to
measure the temperature. The drying was done
at five temperatures of 60, 65, 70, 75 and 80 °C
and the weight was measured after every 10
minutes of the drying process. The moisture
content (g water) based on the dry weight
(moisture content on dry weight=moisture
content %2100-moisture content %) that was
used. All the experiments in the present study
were conducted in triplicates.

Drying rate was calculated as follows
(Toledo, 2007):
M - M
DR = t+d; t (1)
de

Where M; is moisture content at t and M;+d is
the moisture content at t+dt, d;Is the drying
time (min.)
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using artificial neural network to predict the
moisture content.

The drying efficiency is calculated from the
following equation (Toledo, 2007).

T; — T,
d outxlo0

Ta—Ta @

n=
Where Ty is the drying air temperature, Toy IS
the out let air temperature from the dryer and
T, is the ambient air temperature. After the
drying process, the dried fish were placed in
vacuumed polyethylene bags and stored at
laboratory temperature (25 °C) for 0, 7, 14, 21,
28 and 35 days, that was for fresh and dried
samples during the storage periods.

Drying mechanism using infrared dryer

The fish were placed on the perforated tray
inside the halogen dryer and the temperature
required for drying was determined. When
operating the halogen dryer, the halogen lamp
emits infrared radiation and at the same time
the air inside the dryer gets circulated by the
fan. Infrared radiation falls on the surface of
the fish and thus heat the fish as a result of heat
transfer by radiation and conduction. The
reason for heating is that vibrations occur in
water molecules  which their frequency
matches the infrared frequency. Then the
moisture evaporates from fish.

Chemical tests:

The chemical composition of fresh and dried
salted and unsalted fish was studied. The
percentage of moisture was estimated by using
an electric oven at 105 °C until weight
stability. Protein was estimated by the method
of Semi-micro Kjeldahl . The total nitrogen
was estimated and multiplied by the protein
conversion factor (6.25). Fat percentage was
estimated by the Soxhlet method using organic
solvent petroleum ether with a boiling point
range between 40-60 °C. Ash was determined
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via burn the fish sample in the Muffle furnace
at 550 °C in order to get the white ash (Egan et
al., 1988).

Chemical indices

The pH meter (Jenway 3505, Bibby Scientific
Ltd., England) was used to measure pH of
fish samples. 10 g of fish samples were
homogenized in 100 ml of distilled water for
30 s (Rossini et al., 2009).

The thiobarbituric acid number (TBA) was
estimated according to Egan et al. (1988). 10
g of fish samples were mixed with 50 mL of
distilled water in a 250 ml beaker. After that,
pH was adjusted to 1.5 using 2.5 ml of 4 N
HCL. 5 ml of TBA solution was prepared by
dissolving 0.2883 g of TBA reagents in 100
ml of glacial 90 (% v.v1) acetic acid. Next,
the mixture was sealed, heated and then
cooled to room temperature. The absorbance
(D) of samples along with the blank sample (a
mixture of 5 ml of distilled water with 5 ml of
the TBA reagents) was measured at a
wavelength of 538 nm using
spectrophotometer. The value is expressed in
(mg kg oilt). The TBA value of samples was
calculated from the following Equation:

TBA (mg kg 0il'1)=7.8xD,
where 7.8 is constant.

Microbial tests

Microbiological tests were performed under
hygiene and sterilized conditions. A 10g was
weighed from different fish samples and 90
ml of sterile dilution solution (0.1% peptone)
was added under sterile conditions then the
samples were mixed well. A series of
dilutions was performed under sterile
conditions. The dish casting method was used
for the cultured process. The microbial counts
were expressed in the unit. Total counts of
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bacteria were estimated using Nutrient Agar
and incubated at 32°C for 24-48 hours. Total
coliform bacteria were estimated using
MacConkey agar and incubated at 37°C for
24-48 hours. Staphylococcus aureus was
estimated using Mannitol salt Agar and
incubated at 32 °C for 48 hours, while the
estimation of yeasts and molds was achieved
by Potato Dextrose Agar and incubated at 25
°C temperature for 24-96 hours. Andrews's
method was followed to detect Salmonella
after activation by Tetrathionata broth for 24
hours at a temperature of 35 °C then cultured
on the Salmonella Shigella Agar media and
incubated at 37°C temperature for 24-48
hours (Andrews, 1992).

Rehydration

The rehydration process of dried samples was
calculated. A 2g from dried salted and
unsalted fish was taken and placed in a flask
(500 ml), then 80 ml of distilled water at a
temperature of 30 °C was added. The flask
was covered by a piece of glass and then
boiled for 15 minutes using a heater. After
that, the sample was left for 2 hours at room
temperature of 25°C. The excess water was
fittered by a Buechner funnel using Whatman
NO.4 filter paper. The duration of filtration
was for one minute. The rehydrated samples
were taken from the funnel and weighted. The
rehydration was calculated from equation (3)
(Rangana, 1976):

r

Re =
Wad

x 100

)

Where W, is the dried sample weight after
rehydration and W,y is the dried sample
weight before rehydration (after drying).

Mathe matical modeling
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The reactions that occur in foods during
storage have two models, the first is called
between the pH and the reaction time (t)
which is represented by the general equations
(4) and (5) (Ozilgen, 1998):

d(pH)
dt

(4)

_ko

pH = pH, — kot (5)

Another order is the first order reaction,
represented by equations (6) and (7):

d(pH
P — e o) ©
In(pH) = In(pH,) — k1t (7)

Where, pH is the potential hydrogen at
given of storage time,pH, is the initial
potential hydrogen, ko is the rate constant of
the zero order model (1/h) and k; is the rate
constant of the first order model (1/h).

The modeling process was performed using
Excel 2016 by solver to find the constant k and
predict theoretical values of pH based on the
determination coefficient (R?2), the chi square
(x2) and the root mean square error (RMSE)
which were calculated from the following
equations:

Z?’=1(Pch. — pHyp )? (8)

— N2
Z?=1(pHexp.. - pHexp.)

R? =
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zero-order reaction, i.e. a linear relationship

2
o2 = Zlivzl(pHexp._ thh.) )

N-—n

2.1/2

Z?Ll(pHexp._ thh.) (10)

RMSE =
N

Statistical analysis

The complete random design (C.R.D.) with
factorial experiment (2x5x7), was used. The
treatments were salted and unsalted fish, five
drying temperatures and seven storage periods.
The data were analyzed statistically using the
statistical program SPSS wver. 21. The
comparison among means was conducted by
using less significant difference (L.S.D.) at
0.05 level.

Artificial neural network (ANN) modeling
Multilayered  perception  artificial  neural
network was applied for prediction of moisture
content (neuron output layer) and three neurons
input  layer (drying time and drying
temperature) was used. SPSS Ver. 21 software
was used in this study. Forward Back
Propagation network was implemented to
perform suitable answer. Training process is a
repetitive process contained the changes of
weights between different layers where during
training gradually reaches to stability of these
weights, and the error occurred between the
experimental and the predicted quantities were
minimum. The optimized conditions was found
by using activation function (hyperbolic
tangent function) as given in equation (11)
(Hernandez-Perez et al., 2004):

2

Y= (1+ exp(—ZXj)) -1 -
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Where, Y; is the output, X; is the sum weigh
inputs of every neurons of layer j.

X; was calculated according to equation (12):

m
_ (12)
Xj —ZVVU-XYi-i-bj
i=1

Where m is the output layer neurons number,
W;; is the weight between layers i and j, Y; is
the neuron i output and b; is the bias amount

of layer j neuron. 52.3% of data for training
and 16.8% for testing. To obtain a network
with an appropriate topology by applying
training algorithms, sum of square error (SSE)
term was used to get minimized error. As well
as determination of the important of the
independent variables (drying time and drying
temperature). Architecture of the artificial
network used in modelling for moisture
content is illustrated in fig. (1).

Synaptic Weight = 0
— Synaptic Weight < 0

e

Hidden layer activation function: Hyperbolic tangent

Output layer activation function: Identity

Fig. (1): Architecture of the artificial network used in modelling for moisture content.

Results & Discussion:

Moisture content

Figs.(2) and (3) showed the drying curve of
Klunzinger's mullet (salted and unsalted) with
different temperatures (60, 65, 70, 75 and
80°C). The results showed that the moisture
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content in all samples gradually decreased
significantly (P<0.05) with increasing drying
time at different temperatures. The moisture
content decreased from 3.23 (g water. (g d.b.-
1) (d.b. means dry basis)in fresh fish to 0.28 (g
water. (g d.b.1) in salted dried fish after 220
minutes of drying process using 60°C
temperature. Also, the time required for
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drying fish was 180 and 210 minutes at 70
and 80 °C temperature respectively. In this
case, the moisture content decreased to 0.25
and 0.24 (g water. (g d.b.”) respectively. As
for unsalted fish, the moisture content
decreased further and took longer time. The
moisture content in fresh fish was decreased
from 3.33 (g water. (g d.b.1) to 0.25 (g water.
(g d.b.1) after 250 minutes of drying time by
using 60 °C temperature for salted fish. In
addition, it required 180 and 210 minutes at
70 and 80 °C temperature respectively. The
moisture content decreased to 0.25 (g water.
(g d.b. 1) for both temperatures. The reason of
the variation in moisture content was due to
the high temperature and the duration of
exposure. Increasing temperature led to ionize
the water molecules and increase their
movement, which in turn led to generate
thermal energy, which caused an increase in
the vapor pressure inside the foodstuffs, and
that leads to the evaporation of moisture faster
with increasing temperature (Patir et al.,
2006). This process occurred at a temperature
of 80°C, which reduced the drying time by 70
minutes compared with 60 and 70 °C
temperatures. The results showed that the

—4—60C —8—65C

70C

drying process of salted fish was faster than
the unsalted fish. This may be attributed to the
salt which draws internal moisture out of the
fish meat and transfers it to the surface of the
fish, for evaporation. The use of halogen
dryer in the drying process gave a high drying
efficiency, because of halogen energy
(infrared energy) and movement of air, which
prevented fish surface hardness during the
drying process compared with conventional
drying, which depends on the high
temperature only whether it is an electric
dryer or a natural sun drying. Kumar (2015)
and Al-Temimi (2018) indicated that the
moisture content of fish carp was reduced
with an increase of the energy levels when the
microwave dryer was used, which led to
reduce the drying time. Lithi et al. (2020)
stated that the moisture content of fish was
decreased from 80.71% to 7.5% by using
solar dryer and reduced to 7.86% using open
sun drying. Tanuja et al. (2020) disclosed that
the moisture content of the fish (Stolephorus
commersonii) reduced from 81.97% to
28.87% and 34.43% by the solar rack dryer
and natural sun drying respectively.

=—>=75C 80C

Moistuer content (g.water/g.db)

60

80

100

Drying Time (min.)

120

140 160 180 200 220 240

Fig. (2):
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The drying curve of salted Klunzinger's mullet at different temperatures.
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Moistuer content (g.water/g.db)
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Fig. (3): The drying curve of unsalted Klunzinger's mullet at diffe rent temperatures.

Drying Rate:

Figs. (4) and (5) showed the drying rate curve
for dried salted and unsalted Klunzinger's
mullet at different temperatures (60, 65,70,75
and 80°C). The results showed that the drying
rate in all samples significantly (P<0.05)
decreased with increasing drying time at
different temperatures. The drying rate
decreased from 0.099 (g water.min-t) for fresh
fish to 0.0001 (g water.mint) after 220 min.
of drying process at 60 °C for salted fish.
Drying rate reached 0.0025 and 0.0006 (g
water. min') when drying time was 180 and
210 min. at 70 and 80 °C respectively. For

unsalted fish, the drying rate decreased from
0.090 (g water.minl) to 0.000518 (g
water.min) for fresh fish after 250 min. of
drying process at 60°C temperature for
unsalted fish and it required180 and 210 min.
at 70 and 80 °C temperature. The reason for
the variation in drying rate was due to the
water in the foodstuffs that is affected by the
high temperature and the duration of
exposure. Al-Temimi (2018) used the
microwave for drying carp fish and found that
the drying rate decreased as energy levels
increased.

——60C —®—565C

0.12

0.1

0.08

0.06

0.04

Dryingrate (g water/min)

0.02

SR
A Sl L
T > 7
W R IE VIR
Ag‘z\ —~ = N)-!H_n =
T \_rﬁ/ N 7 - "—_._|

0 20 40 60 80

100

Drying time (min.)

70C —x—75C 80C

i

120 140 160 180 200 220 240

Fig. (4): The drying rate curve of salted Klunzinger's mullet at different temperatures.
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Fig. (5): The drying rate curve of unsalted Klunzinger's mullet at different temperatures.

Lim et al. (2020) stated that superheated
steam drying produces a significant shorter
drying time because of the drying rates were
higher.

Drying efficiency

Fig. (6) showed the drying efficiency of the
dried fish using halogen dryer at different
temperatures. The results showed that drying
efficiency decreased as drying temperature
increased because of increase of the heat loss
and output air temperature from dryer. The

68.74% when drying temperature increased
from 65°C to 80°C respectively. The
relationship between drying efficiency and
drying temperature was linear as presented in
equation (13):

n = —0.1328T + 79.292 ; R?
= 0.9449

(13)

Al-Hilphy & Al-Rikabi (2013) found that
the drying efficiency of strawberry by halogen
dryer decreased with the increase of drying

drying efficiency decreased from 71.36% to temperature’ and the some researchers
80 7
75 T
&— & |
>
[S)
S 65 -
E
D 60 1
55 1
50 T T T T 1
55 60 65 70 75 80

Drying temperature (°C)

Fig. (6): The drying efficiency of dried Klunzinger's mullet at different temperatures.
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found that the relationship between drying
efficiency and drying temperature was
polynomial. The differences between the
current study and other studies it may
attributed to use wvarious dryers i.e., the
current study used halogen dryer, but the
other studies used hot air dryers.

Chemical Content:

The results showed that there are significant
changes (P<0.05) in the chemical content of
dried salted and unsalted Klunzinger's mullet
at different temperatures of 60, 65, 70, 75 and
80 °C) during storage periods (0, 7, 14, 21, 28
and 35) days. The results showed that the
chemical content of fresh fish was 76.4, 17.4,
4.68 and 1.52% for moisture, protein, fat and
ash respectively. The results agreed with Al-
Bayati & Ahmed (2008) who estimated the
chemical composition of fresh Biayah fish,
which was 76.6, 18.70, 2.70 and 1.50 %
respectively. The variation in the percentages
of chemical contents was due to different
fishing times, feeding and fish age. The
results illustrated that there were a
significantly  decrease (P<0.05) in the
moisture content for all samples with
increasing drying temperatures and that unlike
in the other chemical  composition
percentages. These results were consistent
with Al-Shatty et al. (2014) and Al-Temimi
(2018) who stated that the moisture content
decreased, and the other  chemical
composition percentage increased.

Table (1) showed that the moisture content
(based on wet basis %) significantly
decreased (P<0.05) with increasing drying
periods at different temperatures for all
samples. The results depicted that the
moisture content decreased from 76.94 % in
fresh Klunzinger's mullet to 22.89, 22.62,
20.22, 19.93 and 19.93 % for dried salted fish
using 60, 65, 70, 75 and 80 °C temperatures
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respectively, whereas, for dried unsalted fish
at the same temperatures, they were 20.18,
20.18, 20.18, 20.18 and 20.12 % respectively
at zero-day of storage periods. The results
were agreed with Al-Shatty et al. (2014) who
observed that the moisture content of fresh
carp fish was 79.50 % and decreased to 22.85
% using the electric dryer. The results showed
that the moisture content slightly increased
during the storage period. This is due to the
difference in moisture content between fish
meat and its surrounding which has a little
moist air, as well as the moisture content in
the outside air, as the packaging bags may be
permeable to moisture, which led to different
molecular pressures and then the moisture
transferred from the outside air to the fish.
Majeed & Al-Hilphy (2007) stated that the
moisture can be transferred from ambient to
unpackaged dried fish. The results were not
consistent with  Al-Fadhly  (2009) who
confirmed that the moisture content stayed
low after drying process of fish and during
increasing the storage periods. Also, table (1)
showed that the protein content significantly
increased (P<0.05) with drying temperatures,
I. e., The percentage of protein increased from
17.4% in fresh Klunzinger's mullet to 55.30,
56.11, 59.20, 61.45 and 60.24 % for dried
salted fish at 60, 65, 70, 75 and 80 °C
temperatures respectively, whereas, for dried
unsalted fish at the same temperatures, they
were reached 59.77, 60.10, 59.11, 61.65 and
60.18 % at zero day of storage periods. The
reason for this variation in the protein content
may be due to heat which led to denaturing
protein, which reduced its portability of water
(Patir et al., 2006). Azam, et al. (2003) who
studied drying Mugil cephalus, the
researchers found that protein levels increased
in summer to 68.09 % and more than winter
(60.58%). Also, the results agreed with Al-
Fadhly (2009) who stated that protein content
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increased after the decreasing moisture for
salted and sun-dried fish. The results showed
a decrease in protein content for dried salted
and unsalted fish with an increase of the
storage periods, due to a slight increase in
moisture during the storage periods. The
results were agreed with EI-Sebaly &
Metwalli (1989) who found that protein
content decreased from 82.50 % to 71.10 % in
small mullet meat. The reason may be due to
the different types of fish, different ways and
environmental conditions in fishing, as well
as, the salt concentration used. These results
were agreed with Al-Temimi (2018) who
found a low protein content in microwaved
dried carp fish during the storage periods.

Table (1) showed that the fat content
significantly increased (P<0.05) with the
drying temperatures. The percentage of fat
increased from 4.68 % in fresh Klunzinger's
mullet to 15.46, 15.34, 15.50, 14.82 and 14.22
% for dried salted fish at 60, 65, 70, 75 and
80°C temperature respectively, and for dried
unsalted fish were 15.46, 13.93, 15.42, 14.50
and 14.34 % respectively at zero day of
storage periods. This variation in fat content
may be due to the decrease of moisture
because of the drying process has effected on
the chemical content of the fish. The results
agreed with Azam et al. (2003) who studied
of dried Biayah fish and noted that the
percentage of fat in the summer increased to
8.22% and decrease to 4.87%. Also, the
results agreed with Al-Shatty et al. (2014)
who showed that fat percentage was increased
after decreasing moisture of dried salted fish
using sun drying. Tanuja et al. (2020)
declared that the fat content of dried Anchovy
(S. commersonii) was 3.22% and 4.31 %
using open sun drying and solar dryer
respectively. The results disclosed a decrease
in fat content for dried salted and unsalted
fish with an increase in the storage periods,
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due to a slight increase in moisture during the
storage periods. The results were agreed with
El-Sebaly & Metwalli (1989) who showed
that the percentage of fat for dried fish
Puntius sp. (stored for 135 days) was
decreased from 25.12 % to 20.90%. These
results were agreed with Al-Temimi (2018)
who found a low-fat content in microwave
dried carp fish during the storage species.
This may be due to the ability of dried fish to
absorb moisture from the atmosphere, which
directly effects on the chemical composition
of dried fish. Table (1) illustrated that the ash
content significantly increased (P<0.05) with
the drying temperatures. The percentage of
ash increased from 152 % in fresh
Klunzinger's mullet to 6.35, 5.93, 5.05, 3.75
and 5.60 % for dried salted fish at 60, 65, 70,
75 and 80 °C temperatures, and for dried
unsalted fish at the same temperatures was
6.12, 5.61, 5.29, 3.67 and 5.36 % respectively
at zero day of storage periods. This variation
in ash content is due to the decrease of
moisture which caused by drying and salting
process. The results agreed with Azam, et al.
(2003) who studied dried Biayah fish, and
explained that the ash content increased in
summer to 10.35 %, and in winter reached
7.45%. Also, agreed with Al-Shatty et al.
(2014) who showed an increase in the
percentage of ash after decreasing moisture of
dried salted fish by sun drying. The results
showed a decrease in ash content for dried
salted and unsalted fish with an increase in
the storage periods, this was due to a slight
increase in moisture during the storage
periods. The results agreed with El-Sebaly &
Metwalli  (1989) who found that the
percentage of ash for dried fish Puntius sp.
(stored for 135 days) decreased. The reason
may be due to the different types of fish, the
different  methods and  environmental
conditions in fishing, as well as the salt
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Table (1): Chemical composition of dried salted and unsalted Klunzinger's mullet at diffe rent temperatures during storage periods.

Temperature | Storage periods Dried salted Klunzinger's mullet Dried unsalted Klunzinger's mullet
(°C) (day) Moisture Protein Fat Ash Moisture protein Fat Ash
0 0. 20£22.89 | 55.30+0.30 | 15.46+0.22 | 6.35+0.10| 20.18+0.20 | 59.77+0.31 | 13.83+0.21 | 6.12+0.08
7 23.19£0.18 | 55.30+0.30 | 15.45+0.21 | 6.06+0.07 | 20.47+0.21 | 59.67+0.29 | 13.92+0.21| 5.94+0.10
60 14 20.48+0.21 | 55.28+0.27 | 15.40+0.20 | 5.96+0.07 | 20.69+0.19 | 59.84+0.31 | 13.90+0.21| 5.93+0.09
21 23.65+0.18 | 55.17+0.26 | 15.33+0.18 | 5.85+0,06 | 20.78+0.20 | 59.41+0.30 | 13.88+0.20 | 5.93+0.09
28 23.77+0.20 | 55.10+0.26 | 15.30+0.18 | 5.83+0,05| 20.92+0.21 | 59.35+0.29 | 13.82+0.20 | 5.91+0.10
35 24.19+0.19 | 55.00+£0.25 | 15.00+0.19 | 5.81+0.05| 21.22+0.22 | 59.30+0.28 | 13.80+0.19 | 5,68+0.11
0 22.62+0.20 | 56.11+0.31 | 15.34+0.21 | 5.93+0.06 | 20.18+0.19 | 60.10+0.32 | 13.93+0.20 | 5.61+0.11
7 22.77+0.18 | 56.08+0.30 | 15.28+0.20 | 5.87+0.07 | 20.48+0.18 | 59.96+0.31 | 13.92+0.21 | 5.48+0.09
65 14 22.93+0.18 | 56.01+0.31 | 15.24+0.19 | 5.82+0.05| 20.70+0.19 | 59.95+0.31 | 13.90+0.21 | 5.29+0.10
21 23.11+0.21 | 55.92+0.32 | 15.18+0.18 | 5.79+0.05| 20.92+0.21 | 59.88+0.30 | 13.88+0.20 | 5.17+0.09
28 23.56+0.20 | 55.88+0.31 | 15.14+0.19 | 5.45+0.06 | 21.13+0.19 | 59.82+0.29 | 13.82+0.20 | 5.07+0.09
35 23.80+£0.21 | 55.80+0.29 | 15.11+0.20 | 5.29+0.07 | 21.22+0.20 | 59.77+0.30 | 13.80+0.21 | 5.04+0.10
0 20.22+0.19 | 59.20+0.31 | 15.53+0.22 | 5.05+0.06 | 20.18+0.19 | 59.11+0.28 | 15.42+0.22 | 5.29+0.12
7 20.43+0.19 | 59.16+0.31 | 15.50+0.22 | 4.91+0.05| 20.45+0.21 | 58.08+0.28 | 15.36+0.21 | 5.11+0.09
70 14 20.76+0.20 | 59.14+0.29 | 15.46+0.21 | 4.64+0.05| 20.71+0.20 | 58.94+0.29 | 15.32+0.20 | 5.03+0.10
21 20.84+0.19 | 59.14+0.29 | 15.43+£0.20 | 4.60+0.06 | 20.96+0.22 | 58.88+0.30 | 15.28+0.19 | 4.88+0.08
28 21.05+0.18 | 59.10+0.28 | 15.40+0.20 | 4.45+0.05| 21.24+0.22 | 59.82+0.30 | 15.20+0.18 | 4.84+0.08
35 21.31+0.18 | 55.80+0.28 | 15.38+0.19 | 4.38+0.07 | 21.57+0.20 | 58.61+0.29 | 15.18+0.18 | 4.59+0.08
0 19.93+0.19 | 61.45+0.32 | 14.87+0.16 | 3.75+0.08 | 20.18+0.21 | 61.65+0.32 | 14.50+0.16 | 3.6740.11
7 20.11+0.18 | 61.40+0.31 | 14.82+0.16 | 3.67+0.08 | 20.49+0.19 | 61.45+0.32 | 14.45+0.16 | 3.61+0.11
75 14 20.34+0.20 | 61.22+0.31 | 14.78+0.17 | 3.66+0.07 | 20.85+0.19 | 61.34+0.31| 14.26+0.15| 3.55+0.12
21 20.55+0.19 | 59.13+0.29 | 14.76+0.17 | 3.53+0.07 | 21.11+0.20 | 61.22+0.30 | 14.11+0.15| 3.45+0.10
28 20.76+0.21 | 61.00+0.33 | 14.67+0.16 | 3.46+0.08 | 21.43+0.21 | 61.11+0.31 | 14.084+0.15| 3.38+0.09
35 20.92+0.21 | 60.97+0.34 | 14.65+0.16 | 3.46+0.08 | 21.57+0.21 | 61.08+0.31 | 14.00+0.20 | 3.35+0.08
0 19.93+£0.17 | 60.24+0.33 | 14.23+0.15 | 5.60+0.05| 20.12+0.19 | 60.18+0.30 | 14.34+0.21 | 5.36+0.09
7 20.23+0.18 | 60.18+0.32 | 14.22+0.16 | 5.37+0.05| 20.41+0.19 | 60.15+0.31 | 14.304+0.21 | 5.14+0.11
80 14 20.47+0.19 | 60.14+0.31 | 14.20+0.15 | 5.19+0.06 | 20.65+0.18 | 60.10+0.31 | 14.21+0.20 | 5.04+0.09
21 20.63+0.19 | 61.16+0.32 | 14.20+0.16 | 5.07+0.06 | 20.93+0.19 | 60.07+£0.32 | 14.18+0.20 | 4.82+0.10
28 20.76+0.20 | 60.07+0.29 | 14.18+0.14 | 4.98+0.05| 21.13+0.21 | 60.03+0.31 | 14.15+0.19 | 4.69+0.12
35 20.82+0.20 | 60.06+0.30 | 14.17+0.14 | 4.95+0.05| 21.37+0.20 | 60.00+£0.31 | 14.10+0.18 | 4.53+0.11
Fresh fish 76.40 17.40 4.68 1.52 76.40 17.40 4.68 1.52
L.S.D. 0.051 0.045 0.032 1.20 0.051 0.045 0.032 1.20
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concentration used. These results were agreed
with Al-Temimi (2018) who found that the
ash content in microwaved dried carp was
decreased during the storage periods. Lithi et
al. (2020) mentioned that the ash content in
dried fish reached 9.60% and 10.16% using
open sun drying and solar dryer respectively.
The ash content in open sun dried fish was
significantly higher because of deposition of
dust and dirt particles on the fish (Rasul et al.,
2018). The thiobarbituric acid (TBA) values
for dried salted and unsalted Klunzinger's
mullet by using different temperatures during
different storage periods were shown in Figs.
(8) and (9).

Chemical indices

The pH values for dried salted and unsalted
Klunzinger's mullet with different
temperatures during different storage periods
was shown in Figs. (7) and (8). The results
showed that pH of dried salted fish was 5.90 ,
595, 6.01, 6.11 and 6.10 at temperatures of
60, 65, 70, 75 and 80 °C respectively at zero
day of storage periods, and was 6.31 , 6.12 ,

—4—60C —8#—65C

70C =>¢=75C

6.35 , 6.41 and 6.35 respectively after 35 days
of storage. Furthermore, the pH values were
5.75, 5.79, 5.85, 6.01 and 6.08 at the same
temperature respectively at zero day of
storage periods. It was reached to 6.22, 6.13,
6.22, 6.30 and 6.30 respectively after 35 days
of storage in dried unsalted fish. The results
showed that pH of dried salted and unsalted
Klunzinger's mullet increased with the storage
periods and that the pH of salted fish was
exceeded compared with unsalted fish. The
reason for the increae of pH was the
continuation of the protein decomposition
process due to the continuation of the
enzymatic activity, whether it was intrinsic or
microbial which leads to the production and
release of nitrogenous bases and amino acids,
urea or ammonia, all of this led to an increase
of pH (Elshehawy, etal,, 2015). The results
agreed with Fath EIl-Bab (2005) who found
that the value of the pH was increased by
using high salt concentration. The results
were agreed with Patir et al. (2006) who
found that the lowest and highest pH values
of salted small mullet were 5.36 and 6.95
respectively.

80C

6.6
6.5
6.4
6.3
6.2
6.1

pHvalue

5.9
5.8
5.7
5.6

LS.D. =0.053

5.5

14

Storage time (day)

21 28 35

Fig. (7): pH value curve of Klunzinger's mullet (salted) at a different temperature during
different storage periods.
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Fig. (8): pH value curve of Klunzinger's mullet (unsalted) at a diffe rent temperature during
different storage periods.

Mathe matical modeling of pH

The mathematical modeling used to predict
deterioration of product and calculation of
reaction rate, as well as determination better
model for fitting predicted and experimental
data. The results in table (2) illustrated that
the first order model can be used to predict
pH value during storage periods compare with
the Zero order model. This is because the
statistical parameters such as root mean
square error (RMSE) and chi square (X2) for
the first order model were less than the Zero
order model at all drying temperatures in the
salted and unsalted fish. As well as, the
determination of coefficient (R?) for the first
order model was higher at all drying
temperatures in the salted and unsalted fish.
For example, when drying temperature was
60°C in salted fish, ko and k; were -4.57 x104
1.h1 and -7.55x10° 1.h1 respectively with
RMSE, X? and R? reached 0.0189, 0.00357
and 0.9890 respectively for the zero order
model, and reached to 0.01833, 0.000392 and
0.990335 respectively for the first order
model. Rates constants were changed with
temperature and process type (salted and
unsalted). The relationship between rate
constant and drying temperature was
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polynomial four orders in salted and unsalted
fish as depicted in equations from (14) to
a7):

kO (zeromodel,salted fish) (14)
=—4x1078T4+1
X 107573 —0.0012T?2
+ 0.0585T — 1.0304
i R? =1
ky (first model,salted fish) (15)
=-7x%x107°T* +2
x 107673 —0.0002T?
+0.0098T — 0.1728
R =1
kO (zeromodel,unsalted fish) (16)
=—-8x1078T4+2
X 107573 — 0.0025T2
+ 0.1155T — 2.0302
R =1
kq (first model,unsalted fish) (17)

=—1x1078T*+ 4
x 1076T3 — 0.0004T?2
+ 0.0196T — 0.344
R* =1
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Table (2). Results of mathematical modeling and statistical parameters of pH.

Process Drying Model order
type temperature
(°C)
salted 60 Zero order model
First order model
65 Zero order model
First order model
70 Zero order model
First order model
75 Zero order model
First order model
80 Zero order model
First order model
unsalted 60 Zero order model
First order model
65 Zero order model
First order model
70 Zero order model
First order model
75 Zero order model
First order model
80 Zero order model

First order model

Rates
Constants (1/h)

Ko=-4.57x104
k=-7.55%x10"°
Ko=-2.87x104
ki=-4.70x10"°
Ko=-4.00x104
ki=-6.52x10"
Ko=-3.39%104
ki=-5.44x10>
Ko=-2.62x10
ky=-4.23x10-
ko=-5.34x104
k;=-8.99x10-
Ko=-2.28x104
k;=-3.83%10-
Ko=-4.65x104
ky=-7.74x10"
ko=-3.63x%10
k;=-5.90x10-
ko=-2.58x104
ki=-4.17x10-

RMSE

0.0189
0.01833
0.01145
0.00415
0.00747
0.00273
0.01051
0.00373
0.01897
0.00708

0.01359
0.00455

0.0420C
0.0157¢
0.01697
0.0066¢&
0.0080¢%
0.0033¢
0.00854
0.00311

X2

0.00357
0.000392
0.002061
0.000834
0.001310
0.000516
0.001882
0.000735
0.003582
0.001590

0.002480
0.000920

0.00906¢
0.00465z
0.00316C
0.00147C
0.00141C
0.00065C
0.00150C
0.00059C

R2

0.989000
0.990335
0.993076
0.993558
0.997534
0.997719
0.996232
0.996670
0.971224
0.971774
0.996797
0.997385

0.94044:
0.94181~
0.99057¢
0.98992¢
0.997392
0.99688:
0.99570¢
0.99595:

RMSE is the root mean square error, X2is the chi square, R?is the determination coefficient, ko is the rate
constant of the zeroorder model 1.h-* and ki is the rate constant of the firstorder model 1.h* .

The thiobarbituric acid (TBA) values for
dried salted and unsalted Klunzinger's mullet
by wusing different temperatures during
different storage periods were shown in Figs.
(9) and (10). The results showed that TBA
values in fresh fish was 0.731 mg
malaldehyde.kg? and they were 0.939 , 0.961,
0.966, 1.011 and 1.031 mg malaldehyde.kg!
for dried salted fish at temperatures of 60 , 65,
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70,75 and 80 ° C respectively at zero day of
storage periods, whereas they reached to
0.985, 1.028, 1.035, 1.053 and 1.057 mg
malaldehyde.kg?® respectively after 35 days of
storage . The results showed that TBA values
were 1.221, 1.226, 1.221, 1.211 and 1.131 mg
malaldehyde.kg? at the same temperature
respectively at zero day of storage periods,
and after 35 days of storage were 1.254,
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1.259, 1262, 1262 and 1167 mg
malaldehyde.kg?  respectively  for  dried
unsalted fish. The results showed that TBA
value for salted and unsalted dried fish was
increased as the storage periods increased.
This is due to the high percentage of fat after
drying process. Also, it was due to the speed
of drying process compared with conventional
methods. Al-Shatty et al. (2014) indicated
that TBA values was significantly affected by
the drying method. The researchers noted that
TBA values were higher when using solar
drying than electric drying or using air drying.
These results agreed with Al-Temimi (2018)
who observed an increase in TBA values in
microwaved dried carp fish with the increase

—+—60C =—#—65C

70C ====—75C

of storage periods. The relationship between
TBA and drying temperature and storage
periods for salted and unsalted fish was given
in the linear equations (18) and (19). In
addition, the effect of drying temperature and
storage periods on the TBA were significant
(P<0.05).

TBAsqiteq = 0.677 + 0.004T + (18)
0.001¢ ;R=0.964 ; SE=0.0129
TBAunsaitea = 0.962 + 0.003T + (19)

0.001t ;R=0.707 ; SE=0.029

Where, T is the temperature (°C), t is the

storage period (day), R is the regression
coefficient and SE is the standard error.

80C

11

1.05 1

=
1

0.95 1

TBA (mg malaldehyde /kg)

o
©o

0.85

0 7 14

21 28 35

Storage time (day)

Fig. (9): TBA curve of Klunzinger's mullet (salted) at a diffe rent temperature during different
storage periods.
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Fig. (10): TBA curve of Klunzinger's mullet at a different temperature during different

storage

Microbial tests

Tables (3) and (4) clarified the microbial tests
of dried salted and unsalted Klunzinger's
mullet at different temperatures (60, 65,70, 75
and 80 ° C) and storage periods (0, 7, 14, 21,
28 and 35 days).Tables (3) and (4) showed
that the total bacterial count was 9.00x103
cfu.g? and 7.00x10% cfu.g! in unsalted and
salted fresh Klunzinger's mullet respectively.
The results showed that the total bacterial
count decreased after drying in unsalted fish
to 3.50x103, 3.46x10%, 3.00 x103, 2.90x103
and 2.10x10% cfu.g! at temperatures of 60,
65, 70, 75 and 80° C at zero day of storage
periods, and the total bacterial count were
4.12x103, 4.12x108, 3.80x10%, 3.10x10° and
2.89x103 cfu.g? respectively after 35 days of
storage. In salted fish, the total bacterial count
were 2.11x108, 2.39x108, 1.35x103, 1.21x103
and 0.930 x10® cfug! at the same
temperature respectively at zero day of
storage periods, and it reached 3.24x103,
2.12x103, 1.96x103, 1.76x10° and 1.011x103
cfu.g?l respectively after 35 days of storage.
The results disclosed that the total bacterial
count was increasing in dried fish during
storage because of storage temperature. The
results were agreed with Al-Fadhly (2009)
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and Al-Temimi (2018) who noted that the
total bacterial count increased in the
microwaved dried carp fish with increasing
storage periods. It can be seen from Tables (3)
and (4) that the total coliform in salted fresh
Klunzinger's mullet was 1.00 x103 cfu.g?!
and in unsalted fresh fish was 0.6 x102 cfu.g-
1. The results showed that there was no
growth of coliform in all studied samples of
dried salted and unsalted Klunzinger's mullet.
These results refer to improve the quality of
the dried fish which be healthy and free from
contaminated microbes. The results agreed
with Al-Shatty et al. (2013) who found that
the total coliform decreased significantly
(P<0.05) in dried salted fish. The results were
consistent with Al-Shatty at el. (2014) who
showed that there was no growth of coliform
in the dried carp fish and during the increase
of the storage periods. Nur et al. (2020) found
that the total viable count, total coliform
count and fungal load were observed in dry
fish up 3.50 x 105 CFU/g, 1.2 x103 CFU/g
respectively.

Tables (3) and (4) illustrated that the total
number of yeasts and molds in Klunzinger's
mullet increased. The total number of yeasts
in unsalted fresh fish was 2.50x10% cfu.g? .
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The results disclosed that the number of
yeasts in dried unsalted fish decreased to
0.30x102, 0.16 x10%, 0.11x10%, 0.16x10! and
0.13x10! cfu.g! using temperatures of 60, 65,
70, 75 and 80 °C respectively at zero day of
storage periods. The number of yeasts was
0.43x102, 0.38x102, 0.31 x102, 0.31x10! and
0.26x10! cfu.glrespectively after 35 days of
storage. In salted fresh fish, the total number
of yeasts was 1.50 x102 cfu.g! and decreased
to 0.25x102, 0.10x102, 0.10x102, 0.12x10t
and 0.43x10! cfu.g? after drying at the same
temperatures respectively at zero day of
storage period. This number of yeasts was
0.40x102, 0.31x10?2, 0.22x102, 0.26x10! and
0.17x 101 cfu.g! respectively after 35 days of
storage. The results showed that the total
number of molds in fresh unsalted fish was
4.00 x10% cfu.g? and decreased after drying
to 0.40x102, 0.36x102, 0.33x102, 0.24x10t
and 0.21x10 cfu.g! at temperatures of 60, 65,
70, 75 and 80 ° C respectively at zero day of

storage periods. It was 0.59x102, 0.49x102,
0.44x102, 0.38 x10' and 0.28x10! cfu.g?
respectively after 35 days of storage. In fresh
salted fish, the total number of molds was
1.50 x10? cfu.gland decreased to 0.30 %1072,
0.20 x102, 0.29 x102, 0.20x10! and 0.18 x101!
cfu.glafter drying at the same temperatures
respectively at zero day of storage periods.
Number of molds increased to 0.53 x102, 0.46
x102, 0.39 x102, 0.29 x10! and 0.25 x10t
cfu.g?l respectively after 35 days of storage.
The reason for the increasing number of
yeasts and molds in dried fish may be
attributed to increase of storage temperature,
packaging and storage. The results agreed
with Al-Shatty at el. (2014) who observed an
increase in the number of yeasts and molds in
dried fish after drying process. Tables (3) and
(4) disclosed the number of Staphylococcus
aureus in unsalted and salted fresh
Klunzinger's mullet were 0.893x10° and
0.716x103 cfu.g? respectively.

Table (3): Microbial Tests (cfu.g™) for Fresh and dried unsalted Klunzinger's mullet at
different temperatures and during different storage periods.

Drying Storage Microbiological content cfu.g?
temperatu . Total . Staph.
periods . coliform | yeast molds
re (°C) bacteria aureus
unsalted g | 0.00x108 | 1x10° | 2.50x102 | 4.00x10° | 0.893x10°
fresh fish
0 3.50x10° 0 0.30x10% [ 0.40x10% [ 0.089x10°
7 3.55x10° 0 0.34x10% | 0.44x10% | 0.089x10°
14 3.36x103 0 0.36x10% | 0.48x10% | 0.088x103
60 21 3.75x103 0 0.38x10%2 | 0.53x10% | 0.087x103
28 3.89x10° 0 0.41x10%2 | 0.57x10% | 0.085x103
35 4.12x10° 0 0.43x102 [ 0.59x102 [ 0.086x10°
0 3.46x10° 0 0.16x102 | 0.36x10% | 0.066x103
7 3.66x10° 0 0.19x102 [ 0.38x10? [ 0.065x10°
14 3.87x10° 0 0.22x102 | 0.41x10%? | 0.065x103
65 21 3.93x10° 0 0.32x10%2 | 0.43x10% [ 0.066x103
28 4.10x103 0 0.37x102 | 0.46x10% | 0.067x10°
35 4.12x103 0 0.38x10%7 | 0.49x10% [ 0.068x103
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0 3.00x103 0 0.11x10% | 0.33x10% | 0.060x103

7 3.22x10° 0 0.17x10% | 0.35x10% | 0.058x10°

14 3.41x103 0 0.20x10% | 0.38x10% | 0.057x10°

70 21 3.53x103 0 0.23x107 | 0.41x107 | 0.057x10°
28 3.64x103 0 0.27x102 | 0.43x10%2 | 0.058x10°

35 3.80x103 0 0.31x107 | 0.44x107 | 0.058x10°

0 2.90x103 0 0.16x10" | 0.24x10' | 0.446x10?

7 2.92x10° 0 0.19x10" | 0.29x10" | 0.446x107

14 2.94x103 0 0.21x10" | 0.31x10' | 0.442x10?

7 21 2.96x103 0 0.24x10" | 0.32x10! | 0.444x102
28 3.01x103 0 0.27x10" | 0.36x10! | 0.445x102

35 3.10x103 0 0.31x10' | 0.38x10! | 0.446x102

0 2.10x10° 0 0.13x10" | 0.21x10" | 0.329x10?

7 2.21x103 0 0.16x10" | 0.22x10' | 0.326x10?

14 2.33x10° 0 0.17x10" | 0.25x10" | 0.323x10?

80 21 2.55x103 0 0.21x10' | 0.25x10' | 0.327x10?
28 2.81x10° 0 0.22x10" | 0.27x10" [ 0.328x10?

35 2.89x103 0 0.26x10! | 0.28x10! [ 0.328x102

L.S.D. 0.340x10° - 0.05x10% | 0.05x10% [ 0.03x10°

Table (4): Microbial Tests (cfu.g™?) for Fresh and dried salted Klunzinger's mullet at different
temperatures and during different storage periods.

Drying Storage Microbiological content cfu.g?
temperature eriocgi]sp Total coliform east molds Staph.
(°C) bacteria y aureus
lted fresh
P | fresh | 7.00x108 | 0.6<10° | 1.00x10° | 1.50x10° [ 0.716x10°
0 2.11x10° 0 0.25x10% | 0.30x10% [ 0.070x10°
7 2.31x103 0 0.29x10% | 0.35x10%2 | 0.069%103
60 14 2.57 x10° 0 0.31x10% | 0.39x102 | 0.069%x103
21 2.89x10° 0 0.35x10% | 0.43x102 | 0.068x10°
28 3.10x103 0 0.38x10% | 0.50x102 | 0.068%103
35 3.24x103 0 0.40x10% | 0.53x10% | 0.068x10°
0 2.39x103 0 0.10x10% | 0.20x102 [ 0.063x103
7 2.52x10° 0 0.14x10% | 0.26x10% | 0.062x10°
65 14 1.57x103 0 0.16x10% | 0.29x102 [ 0.062x103
21 1.96x103 0 0.20x10% | 0.32x102 | 0.061x103
28 2.02x103 0 0.27x10% | 0.41x10% | 0.060%x10°
35 2.12x103 0 0.31x10% | 0.46x102 | 0.060%x103
0 1.35x10° 0 0.10x10% | 0.29x102 [ 0.051x103
70 7 1.41x103 0 0.11x10% | 0.31x102 [ 0.051x103
14 1.55%10° 0 0.14x10% | 0.34x10% | 0.051x10°
21 1.72x103 0 0.17x10% | 0.37x102 | 0.052x103

249



Al- Rubaiy etal./Basrah J. Agric. Sci., 33(1): 231- 261, 2020

28 1.84x103 0 0.20x10% | 0.37x10% | 0.053x103

35 1.96x10° 0 0.22x10% [ 0.39x10? | 0.053x10°

0 1.21x103 0 0.12x10% | 0.20x10' | 0.426x10?

7 2.28x10° 0 0.15x107 | 0.23x10" | 0.426x10?

75 14 1.39x103 0 0.18x102 | 0.25x10' | 0.428x10?
21 1.41x10° 0 0.19x107 | 0.27x10" | 0.432x10?

28 1.62x103 0 0.22x102 | 0.27x10' | 0.435x10?

35 1.76x10° 0 0.26x10° | 0.29x10' | 0.437x10?

0 0.930x103 0 0.10x10' | 0.18x10' | 0.316x10?

7 0.994x103 0 0.12x10' | 0.21x10' | 0.312x10?

80 14 0.996x103 0 0.14x10" | 0.22x10' | 0.309x10?
21 1.006x103 0 0.15x10" | 0.22x10' | 0.311x10?

28 1.008x103 0 0.15x10" | 0.24x10" | 0.312x10?

35 0.011x103 0 0.17x10" | 0.25x10' | 0.312x10?

L.S. 0.340x10° - 0.05x107 | 0.05x10° 0.03x107

The results showed that this number
decreased in dried unsalted fish to 0.089 x1082,
0.066 x103, 0.060 x103, 0.446 x102 and 0.329
x102 cfu.g! at temperatures of 60, 65, 70, 75
and 80 ° C respectively at zero day of storage
periods. It was 0.086 %103, 0.068 %103, 0.058
x103, 0.446 x10° and 0.328 x10? cfu.g?
respectively after 35 days of storage, whereas
in dried salted fish, the number of
Staphylococcus aureus was 0.716x108.

The results showed that this number
decreased in dried salted fish to 0.070x103,
0.063x103, 0.051x103, 0.426x102 and 0.316
x102 cfug! at the same temperature
respectively at zero day of storage periods.
This number reached 0.068x103, 0.060%103,
0.053x103, 0.437x10? and 0.312 x102 cfu.g?!
respectively after 35 days of storage.

The results clarified that decreased
numbers of Staphylococcus aureus in dried
salted fish compared with dried unsalted fish
may be due to the method of salting that made
integrated hygienic conditions, which led to a
reduce risk of Staphylococcus aureus, which
causes staphylococcal poisoning.  These
results agreed with Fath El-Bab (2005) who
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showed that bacterial load decreases during
drying and storing Sardine fish , and the
results agreed with Al-Fadhli (2009) who
observed an increase in the number of
Staphylococcus aureus in dried Thelah fish
(Scomberoides commersonnianus) using a
solar dryer.

The results showed that Salmonella was not
present in all samples of Klunzinger's mullet,
whether fresh or dried, because of the drying
process eliminated all microbes. All standard
specifications indicated that Salmonella are
not allowed in food (Stannard, 1997). The
results agreed with Al-Shatty at el. (2013)
who proved that Salmonella did not growth in
dried salted fish .The results were consistent
with Al-Shatty et al. (2014) who showed that
there was no growth of Salmonella in dried
carp fish" and during increase of storage
periods. Deng et al. (2020) stated that the
average counts of bacteria, yeasts and
filamentous fungi in the dried fish were 3.2,
2.5 and 2.2 log cfu g1, and increased to 4.6,
3.6 and 3.9 log cfu g%, respectively after 50
days of storage.

Rehydration
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Figs. (11) and (12) showed the changes in the
rehydration of dried salted and unsalted
Klunzinger's mullet at different temperatures
(60, 65, 70, 75 and 80°C) and storage
periods. The results showed that the
rehydration of dried salted Klunzinger's
mullet was 1.84, 1.87, 1.86, 1.84 and 1.81 %
at temperatures of 60, 65, 70, 75 and 80 °C
respectively at zero day of storage periods.
After that the rehydration decreased with the
increase of the storage periods until it reached
to 160,158 1.68 154 and 1.58%
respectively after 35 days of storage. The
results illustrated that the rehydration of dried
unsalted Biayah fish was 1.86, 1.76, 1.81,
1.79 and 1.74 % at the same temperature
respectively at the zero day of storage
periods. It was 1.61, 1.55, 1.64, 1.63 and 1.56
% respectively after 35 days of storage. This
is due to the absorption of moisture from the
atmosphere and it effected on the chemical
composition. The results showed that the
rehydration  decreased  with increasing
temperatures and that may be due to increase

2.5 7
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c 1.5 1
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©
[ .

g 17
<
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of surface hardening of the fish at high
temperature and because of the protein
denaturation due to high temperature and
weakened its capacity for water carrying.
Krokida & Morinos- Kouris (2003) indicated
that rehydration was influenced by a
combination of factors such as cellular
regulation, porosity of composition and
mechanical properties for the dried material,
as well as the drying method. Al-Shatty, et al.
(2014) found that the rehydration of dried
salted carp fish by oven was 1.34 % and
decreased t01.30 % using natural sun drying.
The results agreed with Al-Temimi (2018)
who found that the rehydration in
microwaved dried carp fish was decreased
with the increase of energy levels from 100 to
500 watts and reached to 1.73 to 1.49 %
respectively. Kiin-Kabari & Obasi (2020)
indicated that the rehydration ratio of whelk
was 1.47. Achaglinkame et al. (2020)
clarified that freeze-dried samples of fish had

higher percent rehydration where ranged
between 27 10102%.
70C m75C M 80C
LS.D. =0.032

0 7 14 21 28 35

Storage time (day)
Fig. (11): Rehydration of Klunzinger's mullet (salted) at a different temperature during
different storage periods.
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Fig. (12): Rehydration of Klunzinger's mullet (unsalted) at a different temperature during
different storage periods.

Artificial Neural Network (ANN) for
modeling of moisture content

ANN was used to predict moisture content of
salted fish  because their  qualitative
characteristics better than unsalted. Fig. (13)
illustrated results of ANN for predicting
moisture content of salted fish vs. drying time
at different drying temperatures. The results
showed that the predicted moisture content by
ANN has a good fitting for experimental data
at all drying temperatures. The relationship
between predicted and experimental moisture
content was strong with R2=0.986 as
illustrated in fig. (14). The errors of model
were depicted in table (5) where the sum of
squares error for training and testing were
0.33 and 0.045 respectively, as well as the
relative errors of training and testing were
very small. The residual vs. predicted
moisture content by ANN was depicted in fig.
(15). The important factor that effect on the
moisture content was drying time (0.929)
with normalize importance of 100%, but the
importance of drying temperature was
reduced and reached 0.071 with normalize
importance of 7.6% (Fig. 16). It can be seen
from the results that the ANN can be used to
predict moisture content of fish. Boeri et al.
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(2011) stated that simulations with the ANN
model had a good results of moisture content
of salted codfish, in addition neural network
model is a promising potential. Equations
from 20-24 describe the predicted moisture
contents at drying temperatures from 60-80
°C. Fig. 17. Hlustrates photos of fresh and
treatment of salted dried fish (at 80°C)
compared with unsalted.

MCso-c = 4E-09x* - 3E-06x3 + 0.0006X? -
0.0622x + 3.01 ; R2=0.9999

(20)

MCes-c = -1E-11x5 + 1E-08x4 - 4E-06x3 + (21)
0.0007x2 - 0.0651x + 3.2622 ; R? =
0.9999

MCro-c = 5E-09x* - 3E-06x3 + 0.0006X? -
0.0621x + 3.3981 ; R? = 0.9998

(22)

MCys-c = -7E-12x5 + 1E-08x* - 4E-06x3 + (23)
0.0007x? - 0.0651x + 3.4178 ; R? =
0.9999

MCso-c = 7TE-09x* - 4E-06x3 + 0.0007%? -
0.0653x + 3.3022; R? = 0.9999

(24)

Where, MC is the moisture content (g water/g
d.b.) and x is the drying time (min.)
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X MCexp. (60°C) MC exp. (65°C) MC exp. (70°C)
® MCexp. (75°C) — = = MC pred. (65°C) —-—--MC pred. (70°C)
359 MC pred. (75°C) ——— MC pred. (60°C) ——— MC pred. (80°C)

® MCexp. (80°C)

Moisture content (kg water/kgd.b.)

0 50 100 150 200 250
Dryingtime (min.)

Fig. (13): Results of ANN for predicting moisture content of fish at different drying
temperatures. MC exp.: experimental Moisture content, MC pre.: predicted moisture content.
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Fig. (14): Results of ANN for predicting moisture content of fish vs. moisture content (experimental).
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Fig. (15): The residual vs. predicted moisture content by ANN.

Table (5): Model Summary which predicted by ANN.

Training Sum f)f Squares Error 333
Relative Error .012

Testing Sum _of Squares Error .048
Relative Error .019

Holdout Relative Error .012

Dependent Variable: Moisture content

Error computations are based on the testing sample.

Normalized Importance

0% 20% 40% B0% 80% 100%
1 1 1 1 1
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Importance

Fig. (16): Independent variables importance.
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Unsalted fresh fish

Dried unsalted fish at 80°C

Dried salted fish at 80°C

Fig. (17): Photos of fresh and best treatment of salted dried fish (at 80°C) compared with unsalted.

The current challenges of halogen dryer

The current challenges of halogen dryer were
the evaporated water which exist from fish is
condensate in the inner wall of dryer and fall
into the container of fish which reduces
drying efficiency.

Future prospects

To develop the halogen dryer, a concave ban
made of Pyrex put under drying container to
prevent re evaporation of condensate water.
Moreover, the halogen dryer should be
continuous. In addition, A vacuum system
with halogen energy can be used to improve
drying kinetics and increasing  drying
efficiency and produce product with high
quality.

Conclusions

The study showed that the use of halogen
dryer in the drying process gave a high
efficiency and a short time. The results
showed that drying efficiency decreased as
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temperature increased. The results showed
that salted fish were faster than unsalted fish
in the drying process. The results revealed
that the chemical composition, qualitative
characteristics and microbiological content of
dried salted and unsalted Klunzinger's mullet
have been changed during storage periods.
The results showed that the rate of
rehydration at higher temperatures for dried
salted and unsalted Klunzinger's mullet
decreased. ANN was gave a good fitting for
moisture content.
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