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Abstract

The study focused on the preservation of economically important common carp Cyprinus carpio
L. by glazing and evaluated the characteristics and properties changes in nutritional composition
during fresh and frozen flesh at (—18+ 2) °C compared to fresh fish (before treatment in glazing
solutions). Fish samples were subjected to four treatments, including treatment control (non-
treatment), immersion in drinking water, 5% table salt solution, and 5% white vinegar solution
T1, T2, T3, and T4, respectively, measurement of their quality as well as suitability for human
consumption, for three months 30, 60, and 90 days. The statistical analysis results showed that at
a probability level of p<0.05, moisture, protein, and fat contents in T1 and T2 decreased, while
T3 and T4 showed preservation benefits over 90 days. In all treatments, the ash contents
increased with extended freezing. Caloric content from protein and fat exceeded that of the fresh
sample, suggesting potential nutritional losses during frozen preservation. The reason for
maintaining nutritional (moisture, protein, fat, ash, and Caloric content) value may be due to the
synergistic effect of the glazing materials. However, the study identified a 5% table salt solution
and white vinegar as ideal glazing materials for preserving the nutritional value of fish. In
conclusion, storage of these fish species for up to 90 days did not adversely affect their
nutritional value.

Keywords: Impact of Glazing, Cyprinus Carpio, Chemical Composition, Caloric Value.

76
This is an open access article under the CC BY 4.0 license


https://bjvr.uobasrah.edu.iq/
mailto:shaymaa.jaber@uobasrah.edu.iq
https://orcid.org/0000-0002-7136-3568
https://doi.org/10.23975/bjvr.2024.146989.1060

AL-Jumaiee et al.,

Introduction

Fish resources worldwide are essential for
economic development and a vital natural
resource supporting millions of people (1).
With the significant growth in water farming
and the increasing global demand for fish
meat due to its high nutritional value,
distinctive flavor, and ease of preparation,
carp has become a significant economic fish
in water bodies. Due to its adaptability to the
environment and ease of cultivation, carp is
considered one of the most important types
of fish that reproduce in Iraqi fish farms (2).

Due to its high protein and fat content,
which are believed to support the
maintenance of good health through the
prevention and treatment of cardiovascular,
inflammatory, and neurological conditions,
fish is now the ideal food and an essential
part of the human diet(3,4). In addition to a
diverse range of soluble vitamins such as A,
E, D, and K, fish oils are rich in unsaturated
fatty acids, particularly omega-3 fatty acids
(5). Due to its elevated moisture content
and near-neutral pH, which create favorable
conditions for microbial growth in the
cardiovascular system, fish is considered
highly perishable and susceptible to
contamination by harmful microbes on its
surface and internal organs. To mitigate
spoilage, various preservation methods are
employed(6,7). Glazing, a method that
involves immersing the fish in cold water to
prevent lipid oxidation during freezing,
creates a thin layer of ice crystals. The
function of this layer resulting from glazing
is to prevent the penetration of moisture and
oxygen and improve the quality of fishery
products in freezing conditions (8). These
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layers effectively reduce protein texture
alterations and water loss in frozen fish meat

).

The fish industry, which encompasses both
fish production and its byproducts, has
evolved into one of the most thriving
sectors, extending beyond the traditional
practice of raw consumption (after
boiling).Many types of fish undergo
repeated freezing for transportation to
distant nations and markets, allowing for
prolonged preservation as a sustainable
source of sustenance for humans (10).
Therefore, the current study aims to increase
the shelf life of frozen fish and evaluate its
nutritional value using safe preservation
techniques, especially glazing with effective
materials that improve the quality of fish
under freezing conditions, such as carp, due
to the increased demand for it.

Materials and methods

Fish Sample : The common carp Cyprinus
carpio used in this study was obtained from
local markets in Basra city in September
2022. The samples were transported using
an insulated container cooled with ice to the
Chemical Analysis Laboratory of the
Vertebrate Department at the Marine
Science Center. Upon arrival at the
laboratory, the fish were washed well to
remove any contaminants. The weights of
the fish ranged from (199.78 - 257.5) gm
and the total length was from (20.85 - 25.6)
cm. Then, a random sample was taken to
conduct a chemical composition analysis on
a fresh fish sample. These samples were

divided into four treatments, each with three
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replicates, and the glazing solutions were
prepared, including treatment (T1) as a
control group without additives, treatment
(T2) was immersed in drinking water only,
treatment (T3) using table salt with a purity
of 98.5%, which is available in local
markets under the name of iodized salt and
prepared by American Garden Company -
United States of America, by the wet salting
method with a concentration of 5% sodium
chloride, i.e. a ratio of (1:1) ml/gm of fish,
and treatment (T4) used white vinegar with
a concentration of 5%, which is available in
local markets under the name Natural
Distilled white and prepared by the same
company above, where all treatments were
completely immersed in the glazing
solutions prepared for use by placing them
in containers suitable for immersion.

Glazing Procedure

Before the treatment, the samples were
frozen for four days at -18+2°C. After that,
the fish were kept alive in the glazing
solutions (T1, T2, T3, and T4) that were
made using the immersion method to create
an ice layer that would protect them from air
exposure and slow down oxidative
processes. Then they were frozen again for
different periods of 30, 60, and 90 days,
three replicates for each treatment. Then the
changes in the chemical composition and
calorific value of all treatments were
monitored and compared with fresh fish
samples before treatment and freezing.

Chemical Composition Evaluation

The fat percentage was calculated using
the soxhlet apparatus and the organic solvent
hexane according to the method (12).
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Caloric Value

According to the procedure described in
(13), the caloric value was calculated as
digestible energy in kcal/100 g = Total
protein X 4 + Total fat x 9, where the
numbers 4 and 9 represent the amount of
energy provided to the body in calories per 1
gram of protein and fat, respectively.

Statistical analysis

Experimental data was statistically
analyzed using SPSS Statistics v.20.0, and
the results are reported as the mean =+
standard deviation. Univariate Analysis of
Variance (ANOVA) was analyzed to
determine differences, and p < 0.05 was
considered statistically significant.

Results and Discussion

Table (1) shows the analysis of the
chemical composition and calorific value of
fresh common carp fish, where the
percentage of moisture, protein, fat, ash, and
calories reached 74.37, 17.58, 4.45, 1.49%,
and 110.39 kcal, respectively. The moisture
percentage was lower than that obtained by
(14), which reached about 78.20%, and
higher in each of (protein, fat, and ash),
which reached 16.89, 3.43, and 1.44%,
respectively. The calorific value was 98.5
kcal/100 g. When studying the nutritional
value of common carp Cyprinus carpio L.
from different sources, the results were
consistent with the results (15) when
studying the health status of imported carp
and the effect of freezing on the nutritional
value (protein, fat, and ash) compared to
fresh, which amounted to about 17.62%,
4.54%, and 1.17% respectively, due to many
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factors, including food composition, as diet,
feeding habits, feeding rate, age, size,
gender, habitat, genetic characteristics, and

season/migration play an important role in
determining the chemical composition of
different fish species (16,17)

Table 1: Chemical composition and caloric value of fresh fish samples.

Chemical Moisture % Protein % Fat % Ash % caloric value

Composition kecal /100 g
74.36 17.58 4.45 1.49 110.37

Effect of glazing and freezing on fish greatest  overall average  (74.19%)).

The ice glazing application rate was
maintained at 5%, within the acceptable
range of 2 to 20%. It is crucial to note that
excessive glazing, particularly in specific
fish products, can significantly impact the
economic value and consumer acceptance of
frozen fish (18). Freezing storage presents
challenges for maintaining the quality of
high-water activity and neutral pH products,
such as common carp. However, this
preservation method may have adverse
effects on nutritional value, freshness, and
overall quality. Freezing induces various
chemical reactions, including fat and protein
oxidation, protein breakdown, and ice
crystal crystallization, leading to undesirable
characteristics such as unpleasant tastes,
dryness, weight loss, juice loss, and
susceptibility = to  microbial  spoilage
(19,20,21).

Moisture

From the statistical analysis shown in Table
(2), it was found that the effects of freezing
fish at 18+2°C for different amounts of time
and treating them with 5% white vinegar for
60 days were significantly different at the
p<0.05 level. The T4 therapy had the
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Extending the storage period to 90 days
revealed a slight decrease in the moisture
content across all treatments (T4, T3, T2,
T1), reaching 72.92, 73.82, 73.63, and
73.93% compared to the fresh fish sample,
which had a moisture content of 74.37%.
However, the general average in the TI
treatments was the lowest moisture
percentage at 73.68%. The results of (22)'s
investigation, which evaluated the impact of
frozen storage on the chemical composition
of five freshwater commercial fish species in
the Nile River, aligned with the decreased
moisture content of the tested samples.
Comparatively, the study conducted by (23)
investigated the effects of lactic acid
bacteria metabolites and brine solutions on
the qualitative traits of grouper (fillets,
specifically  Epinephelus  coioidis  and
Scomberoides commersonianus, that were
undergoing freeze preservation.The
disruption of stromal cell tissues, which
allowed water to seep into the glazing
material from the fish tissues, explained the
observed variations. This phenomenon
became very apparent when table salt-
treated drinking water was added to increase
the glazing material's osmotic pressure (24).
Contributors to the creation of ice crystals
include the freezing process itself, the
significant loss of liquid after thawing,
particularly during the evaporation of free
water, and other factors (25).
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Table 2: Impact of Glazing and Freezing at (18 = 2) °C on moisture (%) of fish samples.

Treatment Freezing Duration (Day) Overall average
30 60 90

T1 74.17%4 73.96%4 72.9204 73.68
+0.19 +0.06 +0.10

T2 74.18* 74.10%4 73.82%8 74.03
+0.19 +0.27 +0.16

T3 74.3124 74.26aA 73.63%C 74.06
+0.00 +0.03 +0.02

T4 74.344 74.3238 73.93%P 74.19
+0.05 +0.05 +0.09

*Small different letters denote significant differences between groups (p<0.05).
Note: (T1) as a control group without additives, (T2) Glazed with water only, (T3) Glazed with salt 5%, (T4)

Glazed with white vinegar 5%.
Protein

The results indicated a decrease in the
protein content in the frozen glazed fish and
across all treatments used in the study over a
90-day storage period, as presented in Table
3. Treatment T3 demonstrated the highest
protein content throughout the storage
periods of 30, 60, and 90 days (17.56, 17.49,
and 17.40%), respectively. Treatment T4
followed closely with an overall average of
17.42%, while treatment T1 experienced the
most significant impact from the freezing
process, with its protein content reaching
16.52% during the freezing period.The drop
in protein levels was significant (P < 0.05)
compared to the fresh fish sample (17.58%),
and the protein percentages kept going down
during the freezing periods because of
oxidation and direct contact with air. This is
because sulfhydryl oxidation forms a
disulfide bond that lowers the amount of
protein that can dissolve in salt (26). The
results of this study agree with (27, 28, 29),
who all looked at how glazing and freezing
affect different properties and composition.

Chemically, their results showed that with
increasing preservation times, the protein
content decreased significantly, and that
microbiological or enzymatic autolytic
mechanisms may be responsible for the
observed decrease in the quality of fish
species throughout the glazing and freezing
processes These processes may degrade
frozen fish proteins individually or in
combination. Another possible cause is the
release of nitrogenous bases during protein
degradation, which may lead to the loss of
the separated liquid during the thawing
process. Fish proteins are rapidly degraded
by bacterial and endogenous enzymes after
death. The loss of volatile amines (NH3) and
the conversion of nitrogen to various non-
protein nitrogen molecules are the result of
this enzymatic activity, and as a result of
these events, amino acids are damaged and
agglomerated, reducing the amount of
protein in the body. The interaction between
protein molecules and lipids intensifies the
decrease in protein levels (30).

Table 3: Impact of Glazing and Freezing at (18 + 2) °C on protein (%) percentage

Bas J Vet Res, 23(3), 2024
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Treatment Freezing Duration (Day) Overall average
30 60 90
T1 17.06A 16.56* 15.94°4 16.52
+0.08 +0.37 +0.87
T2 17.33A 17.38%8 16.94%8 17.22
+0.05 +0.02 +0.07
T3 17.56A 17.49%¢ 17.40°¢ 17.48
+0.07 +0.03 +0.03
T4 17.48A 17.45%0 17.32bD 17.42
+0.01 +0.01 +0.04

*Small different letters denote significant differences between groups (p<0.05).
Note: (T1) as a control group without additives, (T2) Glazed with water only, (T3) Glazed with salt 5%, (T4)

Glazed with white vinegar 5%.

Fat

Table 4 shows the results of the statistical
analysis. A significance level of 0.05 (p
0.05) means that there are important
differences in how the glazing treatments
affect the average fat percentage of common
carp fish, especially when they are frozen
for a longer time. In contrast to a sample of
fresh fish, where the fat percentage was
4.45% of the dry weight, fat percentage
values for the glazing treatments
consistently decreased as the duration of
freezing preservation increased. Over the
90-day preservation period, the fat
percentage values for treatments T1, T2, T3,
and T4 (4.13%, 4.26%, 4.36%, and 4.32) %,
respectively showed a gradual and
consistent decline. The T3 treatment,
involving freezing with 5% salt and
resulting in a fat percentage of 4.36%,
exhibited the highest average. The addition
of 5% salt led to a decrease in moisture
percentage, which was identified as the
cause of the observed increase (31). The
results align  with studies
investigating the relationship between the

several

increased duration of freezing fish
preservation and a subsequent decrease in
fat percentage, impacting the chemical
composition and qualitative characteristics.
Noteworthy studies supporting this trend
include those conducted by (23,32,29). The
hydrolysis process, catalyzed by lipase and
phospholipase enzymes, plays a pivotal role
in converting free fatty acids, contributing to
variations in fish fat proportion during
freeze-preservation  (33). Myofibrillar
proteins'  susceptibility to  oxidative
rancidification processes leads to their
insolubility with an extended freezing
duration, attributed to substances like
malonaldehyde,  byproducts of lipid
oxidation (34). Furthermore, fish spoilage
results from changes caused by three major
mechanisms: (i) the breakdown of tissue by
the fish's enzymes (autolysis of cells), (i1)
the growth of microorganisms, and (iii)
oxidative reactions. To reduce the loss in
freshness, different preservative methods,
such as glazing (35). The current study's
findings regarding the decrease in fat
percentage during the preservation period
are consistent with these results.

Table 4: Impact of Glazing and Freezing at (18 + 2) °C on fat (%)

Bas J Vet Res, 23(3), 2024
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Freezing Duration (Day)

Treatment Overall average
30 60 90

T1 4304 4.10°%4 3.99¢A 4.13
+0.03 +0.01 +0.05

T2 4.22aE 4.17% 4.04aB 4.26
+0.03 +0.02 +0.08

T3 4.41aB 4.37bB 4.32¢C 4.36
+0.04 +0.02 +0.02

T4 4.39E 4.32aC 4.25bD 4.32
+0.08 +0.11 +0.15

*Small different letters denote significant differences between groups (p<0.05).
Note: (T1) as a control group without additives, (T2) Glazed with water only, (T3) Glazed with salt

5%, (T4) Glazed with white vinegar 5%.
Ash

When analyzing the ash content in the
freezing period and the effect of glazing and
frozen fish treatments from T1 to T4 over
three months, Table 5 did not reveal any
statistically significant changes (p>0.05). In
treatments T1, T2, T3, and T4, the overall
average of common carp meat was 1.56,
1.59, 1.65, and 1.61%, respectively. As the
storage duration increased to 30, 60, and 90
days, we observed a gradual increase among
the glazing treatments. In contrast, the fresh
fish sample contained 1.49% ash. The
results showed that T3 with 5% salt addition
was the best with an overall average of
1.65%, while T4 with 5% white vinegar
addition came in second place with an
average of 1.61%. These results are
consistent with the results of the (23) study,
which examined the effect of brine solutions
and lactic acid bacteria metabolic products
at different concentrations on the quality
characteristics of frozen grouper
Epinephelus coioidis and rib Scomberoides
commersonianus fillets. Specifically, the ash
content of the fish fillets was 3.06 and

Bas J Vet Res, 23(3), 2024

2.71%, respectively, when 6 % salt was
added, and 2.04 and 1.87 %, respectively,
when 10 % lactic acid bacteria products
were added during a 90-day preservation
period. Additionally, the results of (36)
support the idea that increasing the brine
concentration by 8 or 20% significantly
increased the ash content, which the
researcher then used to salt horse mackerel
Trachurus trachurus, yielding ash contents
of 10.55 and 11.03%, respectively. On the
other hand, this indicates that the increased
salt concentration caused the increased ash.

The inverse relationship between moisture
and ash may be the cause of the slight
increase in the ash percentage. According to
(37), this relationship led to an increase in
the concentration of sodium chloride within
the fleshy tissues and a decrease in the
moisture percentage with the continuous
extension of the storage  period.
Alternatively, ash is a content of mineral
elements found in fish, such as calcium,
sodium, zinc, iron, phosphorus, etc., and its
percentage varies according to the quantity
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and quality of fish feed and the amount of

movement performed (38).

Table 5: Impact of Glazing and Freezing at (18 £+ 2) °C on ash (%)

Treatment Freezing Duration (Day) Overall average
30 60 90
T1 1.46aA 1.50bA 1.72E 1.56
+0.02 +0.03 +0.02
T2 1.57aB 1.58bB 1.61cA 1.59
+0.02 +0.01 +0.01
T3 1.62aC 1.63bC 1.71E 1.65
+0.02 +0.02 +0.02
T4 1.57aD 1.61bD 1.66¢cB 1.61
+0.00 +0.01 +0.01

*Small different letters denote significant differences between groups (p<0.05).
Note: (T1) as a control group without additives, (T2) Glazed with water only, (T3) Glazed with salt 5%, (T4)

Glazed with white vinegar 5%.
Caloric Value:

Table 6 shows the significant differences at
the probability level (p<0.05) in the
importance of the caloric value of common
carp fish for the studied species. When the
glazed fish were preserved by freezing, the
general average in treatment T1 was 103.13
kcal/100 gm, then the average calorific
value decreased in the glazing treatment
(T2) with the advancement of the storage
period to reach 106.16 kcal/100 g, then it
increased again in the glazing treatments T3
and T4 to reach averages of (109.23, 108.53)
kcal/100 g. Compared to the fresh fish
sample, which had a general average of
110.37 kcal/100 g, which is a document
expressing the fish content in terms of the
amount of protein and fat consumed, which
is a direct relationship, one gram of digested
protein in the body gives energy estimated at
4 kcal, and one gram of fat give 9 kcal
(39,40). The differences in these values can
be attributed to the unique characteristics of
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the fish's body, as well as seasonal
fluctuations that affect food intake and
energy storage beyond the body's needs

(41).
Conclusions

The glazing method emerges as the optimal
approach for preserving the nutritional
integrity of common carp fish, compared to
freezing without glazing. Throughout the
freezing and glazing processes, the chemical
content underwent changes, with the
percentages of key components (moisture,
protein, and fat) decreasing as the
preservation period extended. However, the
reduction in these percentages was more
moderate in glazed fish compared to
unfrozen fish, with notable differences in
caloric  values. Significantly, when
subjected to a 90-day freezing period,
glazing with a 5% concentration of table salt
and white vinegar improved the nutritional

value and extended the fish's shelf life.This
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makes it a suitable choice for human
consumption, emphasizing the efficacy of
glazing in preserving both the quality and
longevity of common carp fish during
freezing.
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Table 6: Impact of Glazing and Freezing Duration (18 £ 2) °C on Caloric Value kcal/100 gm.

Treatment Freezing Duration (Day) Overall average
30 60 90

T1 106.49%4 103.14%* 99.76%A 103.13
+3.59 +1.74 +1.32

T2 107.30%8 107.05 104.12°8 106.16
+0.80 +0.28 +0.28

T3 109.93%¢ 109.29°8 108.48C 109.23
+1.83 +1.19 +0.33

T4 109.432P 108.64°C 107.53°P 108.53
+0.45 +0.40 +0.37

*Small different letters denote significant differences between groups (p<0.05).
Note: (T1) as a control group without additives, (T2) Glazed with water only, (T3) Glazed with salt

5%, (T4) Glazed with white vinegar 5%.

References

1. FAO. (2022). The state of world fisheries
and aquaculture 2022. Towards blue
transformation. = FAO. Rome, Italy.
https://doi.org/10.4060/cc0461.

2. Al-Garawe, A.H. (2012). Effect of diet
type on the secretion of some digestive en-
zymes and growth of Cyprinus carpio L.
Ph.D.  Thesis. College.  Agriculture
University. Baghdad 110 p. (In Arabic).

3. Li, X, Bi, X., Wang, S., Zhang, Z., Li, F.,
& Zhao, A. Z. (2019). Therapeutic potential
of ®-3 polyunsaturated fatty acids in human
autoimmune  diseases.  Frontiers  in
Immunology, 10, 2241. https://doi.org/10.
3389/fimmu.2019.02241.

Bas J Vet Res, 23(3), 2024

4. Jan, K., Ahmed, 1., & Dar, N. A. (2021).
Haematological and serum biochemical
reference values of snow trout, Schizothorax
labiatus habiting in river Sindh of Indian
Himalayan region. Journal of Fish Biology,
98(5), 1289-1302.
https://doi.org/10.1111/jfb.14661.

5. Vanli, E., Harlioglu, A. G., Harlioglu, M.
M., Kirmizikaya, G., & Yilmaz, O. (2023).
Determination of fatty acid composition,
cholesterol and fat-soluble vitamin levels of
Capoeta trutta, Luciobarbus mystaceus and
Luciobarbus esocinus Caught from the
Keban Dam Lake, Elazig, Tirkiye. Turkish
Journal of Fisheries and Aquatic Sciences,

84


https://doi.org/10
https://doi.org/10.1111/jfb.14661

AL-Jumaiee et al.,

23 (®), 22526.
https://doi.org/10.4194/TRJFAS225266.

6. Mei, J.,, Ma, X,, & Xie, J. (2019).
Review on Natural Preservatives for
Extending Fish Shelf Life. Foods, 8(10),
490, https://doi.org/10.3390/foods8100490.

7. Jia, H., Roy, K., Pan, J., & Mraz, J.
(2022). Icy affairs: Understanding recent
advancements in the freezing and frozen
storage of fish. In Comprehensive Reviews
in Food Science and Food Safety, 21(2),
1383—-1408. https://doi.org/10.1111/1541-
4337.12883.

8. Wang, J., Yu, W. and Xie, J., 2020. Effect
of glazing with different materials on the
quality of tuna during frozen storage. Foods,
9(2), 231.
https://doi.org/10.3390/foods9020231.

9. Zarabi. O., Ahmadi, M. Hedayatifard, M.,
Golestan, L. & Farhadi, A. (2022).
Preservation effect of ice-glazing using
pullulan and bay laurel extract on the quality
characteristics of Caspian trout (Salmo trutta
caspius) during frozen storage. Journal of
Aquatic Food Product
Technology 31(8), 853-8711
https://doi.org/10.1080/10498850.2022.2109
088.

10. Zhang, J., Wang, S., Pradhan, P., Zhao,
W., & Fu, B. (2022). Untangling the
interactions  among  the  Sustainable

Development Goals in China. Science
Bulletin, 67(9), 977-984.

11. Association of Official Agricultural
Chemists (A. O. A. C.). (2023). Official

Bas J Vet Res, 23(3), 2024

method of analysis. Horwitz, W. L.; George,
W. and Latimer, Jr. 18th (ed.) Washington,
D.C: Association of official agricultural
chemists: 2166 p.

12. Egan, H., Kirk, R.S., & Sawyer, R.
(1981). Pearson's chemical analysis of food
8th (ed.) Longman scientific and Technical,
UK, 591p.

13. Al-Hassan, E. H., Abarike, E. D, &
Ayisi, C. L. (2012). Effects of stocking
density on the growth and survival of
Oreochromis niloticus cultured in hapas in a
concrete  tank.  African  Journal  of
Agriculture Research, 7(15): 2405-2411.

14. Alotbi, U. A. T. (2017). Comparison of
nutritional value of the common carp
Cyprinus carpio L. from different sources.
Thesis. M.S.C. The College of Agricultur,
University of Basrah, 88p.

15. Saulum, F. K. (2011). Haygienic and
nutritive value of imported carp fish and the
effect of freezing on it comparing with a
fresh one. Anbar Journal of Veterinary

Sciences, 4:(2).

16. Daniel, LE. (2015). Proximate
composition of three commercial fishes
commonly consumed in Akwa Ibom state,
Nigeria. Journal of
Multidisciplinary Academic Research, 2, 1—
5.

17. Begum, M., Bhowmik, S., Juliana, F.M.,
& Hossain, M. S. (2016). Nutritional profile
of hilsa fish [Tenualosa ilisha (Hamilton,
1822)] in six selected regions of
Bangladesh. Journal of Nutrition & Food
Sciences, 0, 1-4.
https://doi.org/10.4172/2155-9600.1000567.

International

85


https://doi.org/10.3390/foods8100490
https://doi.org/10.1111/1541-4337.12883
https://doi.org/10.1111/1541-4337.12883
https://doi.org/10.3390/foods9020231
https://www.tandfonline.com/journals/wafp20
https://www.tandfonline.com/journals/wafp20
https://www.tandfonline.com/journals/wafp20

AL-Jumaiee et al.,

18. Vanhaecke, L., Verbekeb, W., & De
Brabander, H.F. (2010). Glazing of frozen
fish: Analytical & economic challenges,
Analytica Chimica Acta 672: 40—44.

19. Rodriguez-Turienzo, L., Cobos, A.,
Moreno, V., Caride, A., Vieites, JM. &
Diaz, O. (2011), “Whey protein-based
coatings on frozen Atlantic salmon (Salmo
salar): Influence of the plasticiser and the
moment of coating on quality preservation”.
Food Chemistry, 128, 187- 194.

20. Zhang, M.C., Li, F.F., Diao, X.P., Kong,
B.H., & Xia, X.F. (2017). Moisture
migration, microstructure damage & protein
structure changes in porcine longissimus
muscle as influenced by multiple freeze-
thaw cycles. Meat Science, 133, 10-18.

21. Yu, D, Li, P, Xu, Y., Jiang, Q. & Xia,
W. (2017). Physicochemical,
microbiological and sensory attributes of
chitosan-coated grass carp
(Ctenopharyngodon idellus) fillets stored at
4 International Journal of Food Properties,
20, S202-S213.
hts://doi.org/10.1080/10942912.2016.11632

67.

22._Malik, LA., Elgasim, E. A., Adiamo,
0.Q., Ali, A.A. & Ahmed, LA.M. (2021).
Effect of frozen storage on the biochemical
composition of five commercial freshwater
fish species from River Nile, Sudan, Food

Sci Nutr. 9(3):758-3767.

23. Al -Atyah, Z. F. A. (2010). Effect of
NaCl Solutions and Metabolites of Lactic
Acid Bacteria on Quality Properties of Fish
Fillets Epinephelus coioidis and
Scomberoides commersonianus preserved

Bas J Vet Res, 23(3), 2024

by freezing. M. SC. Thesis, College of
Agriculture. University of Basrah. 97p.

24. Shi, J., Lei, X.T., Shen, H.X., Hong, H.,
Yu, X.P., Zhu, B.W., & Luo, Y.K. (2019).
Effect of glazing and rosemary (Rosmarinus
o_cinalis) extract on preservation of mud
shrimp (Solenocera melantho) during frozen
storage. Food Chem., 272, 604-612.
[CrossRef] [PubMed].

25-Gary, D.K, Stephen, J., & Valsan, A.P.
(2010). Studies on frozen storage of Ghol
(Pseudosciaena diacanthus). Fish Technol.,
19:29-31.

26. Somjit, K., Ruttanapornwareesakul, Y.,
Hara, K., & Nozaki, Y. (2005). The
cryoprotectant effect of shrimp chitin and
shrimp chitin hydrolysate on denaturation
and unfrozen water of lizardfi shsurimi
during frozen storage. Food Res. Int., 38,

345-355. [CrossRef]

27. Ali, F. H. H. (2006). Effect of Freezing
Storage on Chemical Composition and
Quality Characteristi of Subor and Biyah
Fish. M.SC. Thesis. College of Agriculture.
University. Basrah, 104p.

28. AL- Magsosy, L. F. H. S. (2012). The
effect of freezing, glazing and packaging on
chemical composition, quality and sensory
properties of suboor and shank fish. Thesis.
M. SC. Thesis. College of Agriculture
University of  Basrah in  Partial
Fulfillment.71p.

29. Aberoumand, A. (2013). Impact of
freezing on nutritional composition of some
less known selected fresh fishes in Iran.

86



AL-Jumaiee et al.,

International Food Research Journal 20(1):
347-350.

30. Saeed, S. & Howell, N.K. (2002), Effect
of lipid oxidation and frozen storage on
muscle proteins of Atlantic mackerel
(Scomber scombrus). J. Sci. Food Agric.,
82: 579-
586. https://doi.org/10.1002/jsfa.1080.

31 Nielsen, S.S. (2017). Food analysis
laboratory manual, 3rd edn. Kluwer

Academic/Plenum Publishers. New York,
USA

32. Popelka, P., Luptakova, O., Marcincak,
S., Nagy, J., Mesarcova, L. & Nagyova, A.
(2012). The effect of glaze and storage
temperature on the quality of frozen
mackerel fillets. Acta Vet. Brno, 81: 397—
402; d0i:10.2754/avb201281040397.

33. Gandotra, R., Koul, M.; Gupta, S. &
Sharma, S. (2012). Change in proximate
Composition and microbial count by low-
temperature preservation in the fish muscle
of Labeo rohita (Ham - Buch). IOSR
Journal of Pharmacy and Biological
Sciences (IOSRJPBS), 2:13-17.

34. Olaoye O.A. & Onilud, A.A. (2010).
Investigation on the potential use of
biological agents in the extension of fresh
beef in Nigeria. World J Microbiol
Biotechnol, 26:1445-54.

35. Sharifian, S., Alizadeh, E., Mortazavi,
M.S., & Moghadam, M.S. (2014). Effect of
refrigerated storage on the microstructure
and quality of Grouper (Epinephelus
coioides) fillets. Journal of Food Science
and Technology, 51(5):929-935.

Bas J Vet Res, 23(3), 2024

36. Unliisayin,M.; Giimii¢,B.; ErdilalL.R. &
Giilyavuz,H.(2008). The investigation of
extract loss of Horse Mackerel (Trachurus
trachurus L., 1758) with different salting
methods. E.U. Journal of Fisheries &
Aquatic Sciences, 25(3):217-220.

37. Al-Aswad, M. B. (2000). Meat Science
and Technology, Third Edition, Dar Al-
Kutub for Printing and Publishing,
University of Mosul. 466p.

38. Hart, F.L., Fisher, J., & Gonzalez, J.B.,
(2019). Analisis moderno de los alimentos.
Zaragoza: Acribia, 1971.p. 249.

38. Castrillon, J.; Sagrado, M.; Rozas, M.;
Calvo, M.; Delgado, E.; Mendo, M. & Laita,
D. (2008). Lipids and bone mineral density
in patients with vascular disease. Lipids
Insights, 2: 21-25.

39. Al — Shatty, S. M.H. (2006).
Technological, Chemical, And Microbial
Study On Smoking, Marinating, And Drying
of Four Common Marine Fish Species in
Basrah. Ph.D.Thesis College of Agriculture.
University of Basrah, Food Science and
Biotechnology (Fish Technology), 221p.

40. Al-Muhanna, M.W. H; Mansour, A.G. &
AL-Asadi, S.A.M. (2019). Estimation of
chemical components and caloric values for
muscles of some local fish in Karbala
province, Iraq. iop conf. series: materials
science and Engineering, 571p.

41. Martins, M.G., Martins, D.E.G. & Pena,
R.S. (2017). Chemical composition of
different muscle zones in pirarucu
[Arapaima gigas]. Food Sci. Technol.,
Campina. 37 (4): 651 - 656.

87


https://doi.org/10.1002/jsfa.1080

AL-Jumaiee et al.,

F o A | S Slacd 4y ) jal) daddll g (sl cu A e auaailly Jadal) g gz 331 s
Cyprinus Carpio L.1758.

Sl aoadl e dale | (Ao dse ) oaaall e an SI e clad

B 6y Bl /Sl 5le S e/ Bl Sl il

dadald)
Gk o Cyprinus carpio L. Gla®l degall adlill Q) land i e 2l dul ol Criead
Alanll ae Wi jlias 20 (2 + 18-) da )2 vie) awanil) ol S0l (S il A @l il s Gailadl) aiy mus i)
Alabae JSI ) S0 GO a8l 5y Clllan day ) ) @len) Gl Gl (zaa 53 Jillae 8 dlalaal) ) A Ll
% 5 S pbadall zle Jslaay yaadl T3 il mllcall elddly sl T2 (Alalaa ) 52) 3kl dlelae T Caiana
824l ¢g pdull Mg L Da s2a s Leidsa Ly % 5 S and) JAI Jslaas jeall T4 <% 98.5 5k
skl (s sine (aliail p <0.05 Allaial (5 siue die Jlan ) dalal) il & ell s (905 60 <30) el 4330
il plal) Jaws gial) IS a2 Lass 90 s (o Jaiall i1 58 T T3 edal Lt ¢T25 T1 (o8 salls sl
ool g gl ) AdIaal) Aadll e daliall cun (58 8 cO0baal) aan (A dneaill Bae 334 ) ae 33 i dla )l
G sinall Jare g gana & G Ll all Gl jrdl a8 CilS a8 g ) 3 sal 0 ) s (ale ) o sal)
o b Alalall DAY 5 g da Ul Ll ae 4,le Clrall ases A JB OIS Al g siaal s gl
Baga ol ) desal) Jadall sa% ale (S awall dala (e 28U e pilall (g 3aal) 5 Jslial) elaad) 1)l el
S5 pan¥) Jall s abadall peley dlebadl) & @lew¥) a5l ale Juadl (8 ezl ) kil 5 ellewdl 450300 el
A1) L e Ule i ol La s 90 ) s 33al @llansll) (e g1 5391 038 033 333 b calial) i 504 5

Ll ) Ay ) dadll ¢ S S S «Cyprinus carpio L. g 53 5l idaalidal) cilalsl)

88
Bas J Vet Res, 23(3), 2024



