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ARTICLE INFO ABSTRACT

Avrticle History: The study aimed to evaluate the physicochemical quality parameters
Received: Dec. 19, 2024 of seven species of imported frozen fish in Basrah Governorate, southern Irag.
Accepted: Jan. 16, 2025 Fish and fish products can undergo various undesirable changes during frozen
Online: Jan. 22, 2025 storage due to enzymatic and microbial degradation of proteins and fats. Fish

samples were collected in three batches at different times: Batch No. 1 in April,

Batch No. 2 in July, and Batch No. 3 in September 2024. The physicochemical
quality parameters assessed included pH, total volatile nitrogen (TVN),
Thiobarbituric Acid (TBA), Free Fatty Acids (FFA), Water Holding Capacity
(WHC), drip loss (DL), and myoglobin (Mb). The results showed variations in
quality standards among the fish species across the three batches. The pH
values ranged from 6.22 to 6.91. TVN levels varied across the batches, ranging
from 9.8 to 18.2 mg nitrogen/100 g of fish flesh. TBA values ranged from 0.74
to 1.82 mg malondialdehyde/kg of fish, while FFA values varied from 0.22% to
0.43%. Water holding capacity ranged from 5.66% to 10.11%, and drip loss
values ranged from 3.83 to 6.66%. Myoglobin levels showed variations
between fish species and batches, with values ranging from 0.043 to 0.154. The
findings demonstrated that all fish species were susceptible to significant
changes during frozen storage, particularly over extended periods. Although
freezing can preserve fish, undesirable changes in fat and protein quality may
inevitably occur.
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INTRODUCTION

Fish is one of the food commodities that holds a significant position in global
trade and contributes to improving food security (FAO, 2022). It also provides numerous
job opportunities in production, fishing, marketing and manufacturing (Issifu & Deffor,
2022). The consumption of fish is no longer limited to its fresh form after being caught;
fish processing and its products have become a thriving industry. Many species of fish are
frozen and prepared for export to distant markets (Mohamed et al., 2022). Fish are a vital
food item with high nutritional value and are considered the second primary source of
high-quality animal protein after red meat. They play a crucial role in the diet of nations
and countries, distinguished as a highly digestible food that can be prepared in various
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ways (Arjunsinh et al., 2024). Fish consumption often depends on the dietary, social,
cultural habits and geographical regions of consumers (Pieniak et al.,, 2011).
Furthermore, regular fish consumption offers health benefits, including boosting
immunity, protecting against cardiovascular diseases and slowing aging
(Samuthirapandian et al., 2010). Today, there is an increasing consumer demand for
diverse fish products of the highest quality standards. As a result, the quality and safety of
imported fish and fish products are of great concern to food safety authorities, aiming to
ensure the sustainable preservation of fish using different preservation techniques
(Naylor et al., 2021). Thus, preserving fish and paying attention to its handling and
transportation from fishing areas to consumers is essential. Appropriate preservation and
storage methods must be followed to maintain the quality and freshness of fish (Sone et
al., 2019). Freezing is a widely used method to maintain the high quality of fish and its
products, ensuring their suitability for human consumption over relatively long periods. It
minimizes undesirable chemical changes, physical damage, and microbial spoilage during
storage (Al-Hamdani & Al-Noor, 2024). However, extended freezing periods can lead
to various undesirable changes, such as rancidity, bitterness, fishy flavor, and unpleasant
taste due to the formation of low-molecular-weight compounds from fat oxidation and
protein degradation. Additionally, changes in color, appearance, texture, and water-
holding capacity may occur, rendering fish flesh less desirable for some consumers
(Malik et al., 2021). Therefore, it is essential to understand the effects of freezing and
thawing methods on the textural properties of frozen fish meat and to identify optimal
storage conditions that preserve its quality and ensure consumer acceptance (Tocher et
al., 2019). Given Irag's growing trade openness toward the importation of various frozen
foods, including fish and its products, to meet local market demands, the current study
aimed to estimate the chemical, physical, microbial, and sensory properties of imported
frozen fish meat in the markets of Basrah Governorate. The study also focused on
evaluating their quality and suitability for human consumption by comparing them with
the standard specifications issued by the Central Organization for Standardization and
Quality Control. Furthermore, it aimed to classify the fish and identify their scientific and
common names to prevent the possible commercial fraud of marketing certain fish
species unreliably as premium and expensive varieties.

MATERIALS AND METHODS

Raw fish

Seven species of imported frozen fish commonly found in the local markets of
Basrah Governorate were used in this study, as shown in Table (1). Fish samples were
obtained from a local market in central Basrah specializing in selling frozen fish and food
products. The samples were collected in three batches at different dates; Batch No. 1 in
April, Batch No. 2 in July, and Batch No. 3 in September 2024. Fish samples were
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transported to the laboratory in an insulated polystyrene container cooled with ice. Upon
arrival, samples were stored in a freezer at -18°C until further measurements and analyses
were conducted.

Table 1. List of studied fish

common name scientific name
1 Grass Carp Ctenopharyngodon idella
2 Rohu Labio rohita
3 Pacu Piaractus brachypomus
4 Green Mullet Planiliza subviridis
5 Pompano Trachinotus spp.
6 Shanak Acanthopagrus sheim
7 Nuweibi Otolithes ruber

Fish preparation

The number of fish examined varied depending on the size of the studied fish
species, ranging from 5 to 10 fish per species. Each fish species was separated into metal
trays and classified by faculty members from the Department of Fisheries and Marine
Resources, College of Agriculture, University of Basrah. The length and weight of the
fish were measured in both their frozen and thawed states. Fish were then eviscerated by
opening them from the ventral side, removing internal organs, fins, scales, skin, and other
body components using clean and sharp knives. Fish flesh was isolated, and each part or
organ from every fish was weighed separately. The flesh was minced using an electric
grinder, and the samples were mixed thoroughly to ensure uniformity. These prepared
samples were then used for chemical, quality and sensory analyses.

Physicochemical parameter estimation

The pH was measured using a pH meter according to the method of Wong et al.
(1991). The total volatile nitrogen (TVN) content, expressed as mg nitrogen/100g fish
flesh, and the thiobarbituric acid (TBA) value, expressed as mg malondialdehyde/kg fish,
were determined following the method of Egan et al. (1988). Free fatty acids (FFA) were
measured as oleic acid based on the method of Wong et al. (1991). Water holding
capacity (WHC) was estimated using the method detailed by Stasiak and Dolatowski
(1998). Drip loss (DL) was determined according to the procedure described by Young
and Lyon (1997). Myoglobin concentration was estimated based on the method of
Zessin et al. (1961).
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Statistical analysis

The data were statistically analyzed using ANOVA through the SPSS software.
Factors were tested based on the LSD (Least Significant Difference) method at a
significance level of 0.05, employing a completely randomized design (CRD).

RESULTS

The results, illustrated in Fig. (1), show pH values of the flesh of the studied fish
species across different batches. It is observed that the average pH values of the fish
samples oscillate throughout the study batches. The highest pH value was recorded at
6.91 for Nuweibi fish in Batch No.1, with no significant differences (P> 0.05) compared
to the green mullet and the pompano fish. Conversely, the lowest pH value was 6.22 for
the grass carp in Batch No. 3, which was significantly different (P< 0.05) from the other
fish species across the different batches. The overall mean pH values also varied, with the
highest overall mean of 6.81 observed for the rohu fish. No significant differences (P>
0.05) were found between the rohu, green mullet, and nuweibi fish. Meanwhile, the
lowest overall mean pH value was 6.27 for pompano fish, with no significant differences
from the overall mean of the grass carp (P> 0.05). The results indicated that the pH
values for the grass carp, pacu, green mullet, shanak, and nuweibi were 6.28, 6.6, 6.73,
6.53, and 6.76, respectively. Regarding the effect of the sampling periods on pH values,
Fig. (1) shows that the values fluctuated consistently. Overall, the lowest mean pH value
was 6.5 in the third batch, while the overall mean increased to 6.57 and 6.64 in the second
and first batches, respectively. Significant differences (P< 0.05) were observed among
the overall means across the examined batches.
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Fig. 1. pH values of frozen and imported fish meat across different batches
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Fig. (2) illustrates the volatile nitrogenous bases (TVB-N) values of frozen
imported fish meat under study. The results indicate that the mean values of TVB-N
varied across different batches. Nuweibi fish recorded the highest TVB-N values across
all batches, with averages of 18.2, 18.12, and 17.86 for the first, second, and third
batches, respectively, showing no significant differences (P>0.05) compared to the rohu
fish. On the other hand, the lowest value of TVB-N was observed in Batch No. 19.8 for
Rohu fish, which significantly differed (P< 0.05) from the grass carp, Ppacu, pompano,
and shanak fish. For pacu fish, the lowest TVB-N values were recorded at 10.88 and
11.94 in Batch No. 2 and the third batch, respectively, with significant differences (P<
0.05) compared to rohu, pompano, and nuweibi fish. Regarding fish species, the results
showed variations in the overall mean TVB-N values, with nuweibi fish achieving the
highest overall mean of 18.06. This was not significantly different (P> 0.05) from the
green mullet fish. In contrast, the lowest overall mean value was recorded for the pacu
fish at 11.34, which did not significantly differ (P> 0.05) from the rohu fish. The
remaining overall means of TVB-N values were 18.87, 11.53, 16.85, 15.74, and 14.84 for
the grass carp, rohu, green mullet, pompano, and shanak fish, respectively. Regarding the
impact of batch dates on TVB-N values, significant differences (P< 0.05) were observed
across examined batches. The results indicate that the values fluctuated consistently, with
the lowest overall TVB-N mean of 14.4 recorded in Batch No. 1, while the values
increased to 15 and 14.83 in the second and third batches, respectively. Statistical
analysis confirmed significant differences (P< 0.05) in the overall means among various
batches.
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Fig. 2. TVN values of frozen and imported fish meat across different batches
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Fig. (3) demonstrates the effect of fish species on the thiobarbituric acid (TBA)
value of the studied fish meat. Statistical analysis revealed significant differences (P<
0.05) in TBA values among fish types. The grass carp recorded the highest TBA values in
the first, second, and third batches, with averages of 1.75, 1.82, and 1.53mg
malondialdehyde/kg fish, respectively. In contrast, the lowest TBA values were observed
in the green mullet, with 0.74mg malondialdehyde/kg fish in Batch No. 1, and in the
nuweibi fish, with 0.80mg malondialdehyde/kg fish in both the second and third batches.
Statistical analysis revealed significant differences (P< 0.05) among fish types across the
different batches. Regarding the overall means, statistical analysis indicated significant
differences (P< 0.05) in the general averages of TBA values across fish types. The grass
carp recorded the highest overall mean value of 1.7mg malondialdehyde/kg fish.
Conversely, the lowest overall means were recorded for the green mullet and nuweibi
fish, with averages of 0.8mg malondialdehyde/kg fish, showing no significant differences
(P> 0.05) compared to the overall mean for the pacu fish. The overall means for rohu,
pacu, pompano, and shanak fish were 1.16, 0.95, 1.04, and 1.1mg malondialdehyde/kg
fish, respectively, with significant differences (P< 0.05) observed among the remaining
fish species. The TBA value was significantly affected (P< 0.05) by batch dates, with
closely similar values of 1.07mg malondialdehyde/kg fish in the first Batch and 1.08mg
malondialdehyde/kg fish in both the second and third batches.
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Fig. 3. TBA values of frozen and imported fish meat across different batches

Fig. (4) presents the free fatty acid (FFA) values of frozen imported fish meat
under study. The results show that the mean FFA values varied across different batches.
The grass carp exhibited the highest FFA values, averaging 0.43 in Batch No. 1 and 0.47
in Batch No. 3, with significant differences (P< 0.05) compared to other fish species
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during these batches. Shanak fish recorded the highest FFA value in Batch No. 2, with an
average of 0.42. Conversely, the lowest FFA values were observed in nuweibi fish, with
averages of 0.24, 0.22, and 0.24 for Batches No. 1, 2, and 3, respectively, showing
significant differences (P< 0.05) from other fish species across all batches. Regarding
fish species, the results demonstrated variations in the overall mean FFA values. The
grass carp recorded the highest overall mean of 0.43, with no significant differences (P>
0.05) compared to the overall mean for shanak fish across all batches. The lowest overall
mean was observed in nuweibi fish, at 0.23, with no significant differences (P> 0.05)
compared to the overall mean for Green mullet. The remaining overall FFA values were
0.31, 0.32, 0.27, 0.29, and 0.37 for the rohu, pacu, green mullet, pompano, and shanak
fish, respectively. As for the effect of batch dates on FFA values, Fig. (4) shows that
values fluctuated over time. Overall, the lowest mean FFA value of 0.31 was recorded in
Batch No. 1, while the values increased slightly to 0.32 in batches No. 2 and 3. Statistical
analysis indicated significant differences (P< 0.05) in the overall mean FFA values
among batches.
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Fig. 4. FFA values of frozen and imported fish meat across different batches

Fig. (5) illustrates the myoglobin values of the studied fish meat types across
different batches. The results indicate that the mean myoglobin values for fish samples
fluctuated between increases and decreases across the batches. Pompano fish recorded the
highest myoglobin values in all batches, with averages of 0.144, 0.141, and 0.157 for the
first, second, and third batches, respectively, showing significant differences (P< 0.05)
compared to other fish species across all batches. Conversely, the lowest myoglobin
value was recorded for nuweibi fish in Batch No. 1, at 0.044, compared to the lowest
values of 0.044 and 0.043 for Rohu fish in the second and third batches, respectively.
Statistical analysis revealed significant differences (P< 0.05) among the remaining fish
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species across the batches. Regarding fish type, the overall mean myoglobin values
varied significantly. Pompano fish recorded the highest overall mean value of 0.146,
while rohu fish had the lowest, with an overall mean of 0.046. The overall means for the
remaining fish species were 0.074, 0.071, 0.064, 0.072, and 0.051 for the grass carp,
pacu, green mullet, shanak, and nuweibi fish, respectively, with significant differences
among the overall means of fish species across the batches. As for the effect of batch
dates on myoglobin values, there was a noticeable variation in values across the batches.
The highest overall mean value was recorded in Batch No. 3, at 0.079, followed by Batch
No. 1, with an overall mean of 0.073. The overall mean for Batch No. 2 was 0.071.
Statistical analysis indicated significant differences (P< 0.05) in the overall mean
myoglobin values across the batches.
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Fig. 5. Mb values of frozen and imported fish meat across different batches

Fig. (6) highlights the effect of fish species on the water-holding capacity (WHC)
of the studied fish meat. Statistical analysis revealed significant differences (P< 0.05) in
WHC values among fish types across the batches. Pompano fish recorded the highest
WHC values in the first, second, and third batches, with averages of 10.11, 10.03, and
9.97, respectively, showing no significant differences (P> 0.05) compared to pacu and the
green mullet fish. Conversely, the lowest WHC values were observed in the grass carp,
with averages of 5.82, 5.72, and 5.66 for the first, second, and third batches, respectively,
with no significant differences (P> 0.05) from the remaining fish species across the
batches. Regarding the overall means, statistical analysis indicated significant differences
(P< 0.05) in the general averages of WHC values among fish species. Pompano fish
recorded the highest overall mean WHC value of 10.03, while the grass carp had the
lowest mean of 5.73, showing a significant difference (P< 0.05) compared to the overall
means of the other fish species. The overall WHC means for rohu, pacu, the green mullet,
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shanak, and nuweibi fish were 6.99, 9.36, 7.33, 6.87, and 8.92, respectively. The WHC
values were significantly influenced (P< 0.05) by the batch date, with fluctuating values
across the different batches. The overall mean WHC values were 7.98, 7.87, and 7.82 for
the first, second, and third batches, respectively. Statistical analysis confirmed significant
differences (P< 0.05) in the WHC values across the batches.
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Fig. 6. WHC values of frozen and imported fish meat across different batches

Fig. (7) presents the thawing loss values for the frozen imported fish meat under
study. The results indicate that the mean thawing loss values varied across the batches.
Shanak fish exhibited the highest thawing loss values across all batches, with averages of
6.55, 6.65, and 6.66 for the first, second, and third batches, respectively, showing
significant differences (P< 0.05) compared to other fish types across the batches.
Conversely, the lowest thawing loss values were observed in pompano fish in Batch No.
1, with an average of 3.83, showing significant differences (P< 0.05) from the other fish
species across the batches. Similarly, pacu fish recorded lower thawing loss values at
3.97 and 4.16 in the second and third batches, respectively, with no significant
differences (P> 0.05) compared to Rohu fish. Regarding fish species, the results
demonstrated significant variations in the overall mean thawing loss values. Shanak fish
recorded the highest overall mean of 6.62, showing significant differences (P< 0.05)
compared to the overall means of other fish types across the batches. The lowest overall
means were observed for pacu and pompano fish, at 4.00, with no significant differences
(P> 0.05) compared to the overall means of other fish species. The overall thawing loss
means for the grass carp, rohu, green mullet, and nuweibi fish were 5.69, 6.25, 5.75, and
5.28, respectively. For the effect of batch date on thawing loss values, significant
differences (P< 0.05) were observed among the overall means across the batches. The
lowest overall mean thawing loss value was recorded in Batch No. 1 at 5.25, while the
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values increased to 5.35 and 5.51 in the second and third batches, respectively. The
results demonstrate a continuous variation in thawing loss values across the batches.
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Fig. 7. DL values of frozen and imported fish meat across different batches
DISCUSSION

The results revealed variability in pH values among the studied fish species and
across the batches. This variability is attributed to differences in the levels of
carbohydrate compounds (glycogen) in the flesh of each fish species, depending on their
chemical composition. These differences lead to variations in the amount of lactic acid
formed postmortem, which is responsible for changes in pH values and the biochemical
changes that occur after the fish's death, such as protein degradation (Valizadeh et al.,
2020). The pH value can serve as an indicator of fish spoilage and an assessment of meat
quality (Cheng et al., 2022). The increase in pH is caused by the production of volatile
basic compounds, such as ammonia and trimethylamine, by endogenous enzymes or
microorganisms in the fish meat during frozen storage. This leads to an elevation in pH
values (Bu et al., 2022). The observed variability in pH values in frozen fish agrees with
findings from previous researches. For instance, Badee et al. (2013) reported an increase
in average pH values in frozen fish samples due to the formation of nitrogenous
compounds resulting from enzymatic and microbial protein degradation. Additionally, pH
levels can be influenced by the formation and release of inorganic phosphates and
nitrogenous compounds, which vary depending on fish species and chemical composition
(Sun et al., 2019). Diao et al. (2021) stated that cell damage, reduced water retention,
water loss, and the release of hydrogen ions primarily contribute to a decrease in pH.
Similarly, Tan et al. (2019) found that freezing with glazing effectively lowered pH
values and maintained water-holding capacity in squid stored frozen for six months
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compared to control samples. Liu et al. (2023) observed in their study on three species of
freshwater fish that initial pH values ranged from 6.5 to 7, decreasing to 6.29 after two
weeks of frozen storage. Obemeata et al. (2011) also noted that variations in pH values
among frozen fish samples were due to protein denaturation and an increase in water-
soluble compounds caused by drip loss. Changes in the pH of fish muscles during
different freezing durations may vary depending on fish species and other biological
factors. In general, fish meat is considered acceptable if the pH value reaches 6.8.
However, when it exceeds 7, it is deemed spoiled (Huss, 1995).

The results indicated clear differences in volatile nitrogen base (TVN) values
among the studied frozen fish samples across the different batches. The increase in total
volatile nitrogen (TVN) content in frozen fish is attributed to protein hydrolysis by
protease enzymes secreted by proteolytic bacteria and the accumulation of alkaline
compounds such as ammonia and trimethylamine resulting from protein breakdown
(Duarte et al., 2020). Additionally, the temperature during the study period and the
timing of sample collection from markets played a role in the variability of TVN values,
particularly due to the thawing process, which promotes microbial growth. These
microbes secrete various enzymes, including proteolytic enzymes, leading to protein
degradation and the formation of low-molecular-weight compounds such as peptides and
peptones, which gradually increase TVN values (Karami et al., 2013). The findings align
with those of Bhujbal et al. (2021), who observed an increase and variability in TVN
values in the Nile tilapia (Oreochromis niloticus) fillets. Similarly, Nazemroaya et al.
(2011) reported an increase of 15mg nitrogen/100g fish after six months of storage at -
18°C, attributing the rise to the breakdown of nitrogen-containing compounds into
various amines. Mohmaudzadeh et al. (2010) found a significant increase in TVN
values in flatfish (Pseudorhombus elvatus) and lizardfish (Saurida undosquamis) stored
at -18°C for five months, with a marked elevation observed at the end of the second
month of storage. They attributed the elevated TVN levels to bacterial spoilage and
endogenous enzymatic activity. Seifzadeh et al. (2012) studied TVN values in frozen
Clupeonella cultriventris and found levels of 21.7mg nitrogen/100g fish. Ninan et al.
(2008) reported TVN values ranging from 12.4 to 20.2mg nitrogen/100g fish for tilapia
(Oreochromis mossambicus). Wang et al. (2022) noted that total volatile nitrogen values
in fish are considered acceptable if they are below 20mg nitrogen/100g fish, whereas
values exceeding this threshold indicate the loss of freshness. The current study's findings
demonstrated that the TVN values for the studied species were within the permissible
limits.

The results indicate that thiobarbituric acid (TBA) values were influenced by the
species of frozen fish and the studied sample batches. TBA levels depend on various
factors, including fishing and handling methods, the duration and method of processing,
freezing time, and the production and expiration dates (Fan et al., 2009). The increase in



808 Obeed & Al-Noor, 2025

TBA values can be attributed to lipid autoxidation, leading to the production of aldehydes
and ketones during frozen storage (Tingting et al., 2012). In some cases, a slight
decrease in TBA values in frozen and fresh fish samples may occur due to the slower
lipid oxidation process. The degree of lipid oxidation can be reflected by secondary
oxidation products, which are assessed based on TBA values (Hac-Szymanczuk et al.,
2019). Repeated freezing and thawing of fish can lead to a rapid increase in TBA values
(Cheng et al., 2019). The findings are consistent with Karami et al. (2013), who
observed an increase in TBA values in the red tilapia (Tilapia mosambicus) and the Nile
tilapia (Oreochromis niloticus) fillets during frozen storage, indicating lipid oxidation
during this period. Similarly, Liu et al. (2010) reported elevated TBA levels in frozen
fish, highlighting the variability of this reaction between fish species due to differing
oxidation mechanisms during storage. Jeong et al. (2021) also observed an increase in
TBA values in certain freshwater fish during frozen storage, attributing these changes to
the high content of polyunsaturated fatty acids (PUFAS) in freshwater fish, which are
prone to oxidation, leading to secondary oxidation products like peroxides and
malondialdehyde. Karami et al. (2013) recorded significant increases in TBA values
during frozen storage due to the oxidation of unsaturated fatty acids, which contribute to
lipid degradation over time. Liu et al. (2010) observed that the rise in TBA levels in
frozen fish meat is caused by lipid oxidation and the reaction of final oxidation products,
such as malondialdehyde and aldehydes, with other compounds in the fish, including
amines, nucleotides, nucleic acids, and proteins. These reactions vary significantly among
fish species, leading to variations in TBA values during frozen storage. The acceptable
limit for TBA in fish meat is 2mg malondialdehyde/kg fish (Huss, 1995). In the present
study, the TBA values for the samples were within acceptable limits.

The levels of free fatty acids (FFAS) varied among fish species within the studied
batches. This variation might be attributed to the activity of lipase enzymes, which break
ester bonds and release FFAs. These acids are the end products of lipid hydrolysis caused
by lipases and phospholipases produced by fat-degrading bacteria (Fadiloglu & Coban,
2018). Consequently, the production of FFAs serves as an indicator of the progression of
lipid oxidation or hydrolysis and can be used as a metric to determine the degree of lipid
deterioration and the quality of food products (Mehrabi et al., 2021). The findings of the
current study align with those of Khidhir et al. (2013), who studied frozen fillets of tuna,
salmon, and mackerel. Similarly, Pawed et al. (2013) reported an increase in FFA values
in freshwater fish Catla catla during their evaluation of biochemical and sensory
characteristics under frozen storage at -18°C. The differences in fatty acid composition
play a crucial role in forming hydroperoxides, as oxidative changes in the fats of frozen
fish are often driven by the presence of free radicals, which are markers of this process
during frozen storage. The FFA values in the fish samples of the current study were
within acceptable limits, with Huss (1995) suggesting that acceptable FFA limits range
between 1-2.
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The results also indicated variations in myoglobin concentrations among the
frozen fish species and the examined sample batches. Changes in color and appearance,
such as loss of tissue color intensity, surface gloss, water loss, reduced transparency, and
a chalky appearance in muscle tissues, result from imbalanced changes in muscle tissue
proteins or pigment proteins like myoglobin and oxymyoglobin, which degrade into
metmyoglobin. This process can be influenced by several factors, including pH,
temperature, oxygen consumption and reaction, diet quality, surrounding environment,
physiological state of the fish and gender (Aguilar et al., 2000). Additionally, variations
in myoglobin pigment can be attributed to reduced protein content, which correlates
positively with red muscles that are rich in capillaries supplying hemoglobin and
providing energy during swimming (Zhao et al., 2014). Zhan et al. (2018) highlighted
that changes in myoglobin pigmentation are closely associated with lipid oxidation and
the formation of secondary oxidation products, such as peroxides, which vary among fish
species and negatively affect color (Li et al., 2022). Furthermore, the decline in
myoglobin concentration in fish meat can be attributed to protein denaturation and
oxidation, as well as freezing and thawing durations. These factors contribute to the loss
of muscle color in fish. These results are consistent with Li et al. (2023), who noted that
fish myoglobin is more prone to oxidation than mammalian myoglobin, leading to a color
change from bright red to dark brown, a decrease in the red color index, and an increase
in yellow pigmentation. Lin et al. (2021) studied the effect of muscle protein oxidation in
white shrimp and found that higher hydroxyl radical concentrations negatively affected
color by actively attacking amino acids and protein structures, which reduced protein
stability. These findings align with Amine et al. (2023), who monitored protein oxidation
and its effect on myoglobin oxidation in frozen fish and fishery products.

Changes in texture during frozen storage are directly related to protein
denaturation and the sensory properties of fish muscles (Lorentzen et al., 2020). Water-
holding capacity (WHC) is often associated with post-mortem structural changes,
including the degradation of the muscle matrix and myosin protein denaturation (Dawson
et al., 2018; Xie et al., 2022). The decline in WHC during frozen storage may be
attributed to moisture loss from the meat's surface. Several pre- and post-harvest factors,
such as stress, feeding conditions, and rigor mortis, can influence WHC values
(Rotabakk et al., 2018). Zhang et al. (2019) reported a decrease in WHC values due to
the growth of ice crystals during frozen storage, which significantly contributes to protein
denaturation. Changes in WHC in frozen fish muscles after thawing are clearly affected
by freezing storage and are linked to alterations in myofibrillar proteins (Tan et al.,
2018). Variations in weight loss between treatments during frozen storage can be
attributed to water sublimation. Glazing acts as a protective barrier against water vapor,
thereby reducing moisture loss from samples. Consequently, water loss decreases
gradually, making its removal more difficult and resulting in a gradual increase in WHC
during the later stages of frozen storage. Additionally, glazing prevents mechanical
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damage to muscle structure, preserves proteins from denaturation, and minimizes
negative effects during thawing (Wang et al., 2020). Wang et al. (2022) confirmed a
decline in the water retention capacity of frozen tuna (Thunnus thymnua) stored at -18°C
for 180 days. Taliadorou et al. (2003) observed WHC percentages of 21 and 19% for
frozen sea bass and sea bream, respectively. Zhu et al. (2019) found that rapid freezing
minimizes the formation of large ice crystals, thereby reducing damage to muscle fibers,
particularly myofibrillar proteins. This explains the variation in WHC among fish species
depending on the degree of damage to muscle tissue (Sun et al., 2019). The current
study’s results are consistent with previous studies that reported variations in WHC
percentages among fish species during frozen storage due to decreased intercellular
binding (Dalvi-Isfahan et al., 2019; Luo et al., 2020; Wei et al., 2021).

The results also indicated that differences in thawing loss percentages could be
due to free water. This type of water has weak binding and is primarily found on the
surface of meat, making it easily lost even during simple processing operations. If fish
meat loses a larger amount of free water, the drip loss will also be higher (Park et al.,
2021). The higher thawing loss percentage may result from structural damage caused by
large ice crystals. Additionally, this could be due to the melting of ice crystals formed
within cells or around muscle tissues during frozen storage. Protein denaturation during
storage is primarily responsible for changes in fish quality, including stiffness,
sponginess, reduced tenderness, dryness, elasticity, and loss of water-holding capacity
(Naseri et al., 2020). Ma et al. (2021) noted that the formation and growth of ice crystals
during freezing could lead to water migration from inside the cells to the outside, along
with varying degrees of cellular water loss and solute concentration increases. Bhujbal et
al. (2021) observed an increase in water loss across all treatments, ranging from 2.18%
on the first day to 4.82% after 120 days of storage, and reported that water loss varies
depending on the treatment. Similar results were observed by Pawar et al. (2013) in
frozen fish catla (Catla catla).

CONCLUSION

In conclusion, from the results of this study, fish contained a good composition
and proportions of high-nutritional-value amino acids and fatty acids, unaffected by the
freezing preservation method, The chemical and physical quality attributes of the fish
remained within the recommended limits. Overall, pompano, pacu and otolithes fish
scored higher in most quality attributes.

REFERENCES

AL-Hamdani, S.A. and AL-Noor, J.M. (2024). The Impact of Glazing with Natural
Preservatives on Some Qualitative Characteristics of Frozen-Stored Japanese



Evaluation of Physicochemical Properties of Some Imported Frozen Fish Species 811
from Basrah Markets, Iraq

Threadfin Bream Nemipterus japonicas. Egyptian Journal of Aquatic Biology and
Fisheries Zoology Department, Faculty of Science, Ain Shams University, Cairo,
Egypt, 28, (2): 327 — 341.

Amin, H.F.; El-Lahamy, A.A.; Mohamed, H.R.; Khalil 1. Khalil, K.I.; Mahmud,
A.A.; Roby, M.H.H.; EI-Sherif, S.A. and Mohamed, A.S. (2023). Effect of
frozen storage on fish quality and fishery products: A Review. Mediterranean
Aquaculture Journal, 10, (2): 25 — 35.

Arjunsinh, P.N.; Datta, S.N.; Singh, A. and Singh, P. (2024). Annual Variation in
Proximate Chemical Composition of Fish Sold in Ludhiana Market: Punjab,
India. European Journal of Nutrition and Food Safety, 16, (7): 17 — 23.

Badee, A.Z.M.; Moawd, R.K.; EI-Noketi, M. M. and Gouda, M.M. (2013). Improving
the quality and shelf-life of refrigerated chicken meat by marjoram essential oil. J.
Appl. Sci. Res., 9: 5718 — 5729.

Bhujbal, P.K.; Patange, S.B.; Mulani, S.J.; Chande, N.S. and Pawar, S.D. (2021).
Studies on freezing and storage performance of tilapia (Oreochromis niloticus)
fillets. The Pharma Innovation Journal, 11, (12): 6298 — 6303.

Bu, Y.; Han, M.; Tan, G.; Zhu, W.; Li, X. and Li, J. (2022). Changes in quality
characteristics of southern bluefin tuna (Thunnus maccoyii) during refrigerated
storage and their correlation with color stability. Lebensmittel-Wissenschaft und -
Technologie, 154, Article 112715. https://doi.org/10.1016/j.1wt.2021.112715.

Cheng, H.; Bian, C. H.; Yu, H. J.; Mei, J. and Xie, J. (2022). Effect of ultrasound-
assisted freezing combined with potassium alginate on the quality attributes and
myofibril structure of large yellow croaker (Pseudosciaena crocea). Lwt-Food
Science and Technology, 167. https://doi.org/10.1016/j.Iwt.2022.113869.

Cheng, S.; Wang, X.; Li, R.; Yang, H.; Wang, H.; Wang, H. and Tan, M. (2019).
Influence of multiple freeze-thaw cycles on quality characteristics of beef
semimembranous muscle: With emphasis on water status and distribution by LF-
NMR and MRI. Meat Science, 147: 44 — 52.

Dalvi-Isfahan, M.; Jha, P. K.; Tavakoli, J.; Daraei-Garmakhany, A.; Xanthakis, E.
and LeBail, A. (2019). Review on identification, underlying mechanisms and
evaluation of freezing damage. Journal of Food Engineering, 255, 50 — 60.
https://doi.org/10.1016/j. jfoodeng.2019.03.011.

Dawson, P.; Al-Jeddawi, W.; and Remington, N. (2018). Effect of freezing on the shelf
life of salmon. International Journal of Food Science, (340), 1 —12.


https://doi.org/10.1016/j.lwt.2021.112715
https://doi.org/10.1016/j.lwt.2022.113869

812 Obeed & Al-Noor, 2025

Diao, Y. D.; Cheng, X. Y.; Wang, L. S. and Xia, W. S. (2021). Effects of immersion
freezing methods on water holding capacity, ice crystals and water migration in
grass carp during frozen storage. International Journal of Refrigeration, 131, 581
591. https:// doi.org/10.1016/j.ijrefrig.2021.07.037.

Duarte, A. M.; Silva, F.; Pinto, F. R.; Barroso, S. and Gil, M. M. (2020). Quality
Assessment of Chilled and Frozen Fish-Mini Review. Foods, (9):1739: 26 p.

Egan, H.; Kirk, R. S. and Sawyer, R. (1988). Pearson’s chemical analysis of foods. 8th
ed., Longman Scientific and Technical, The Bath press, UK, 591 pp.

Egan, H.; kirk, R.S. and sawyer, R. (1988). Pearson’s chemical analysis of food. 8th
ed., Longman Scientific and Technical, UK, 591p.

Fadiloglu, E.E. and Coban, O.E. (2018). Effects of chitosan edible coatings enriched
with sumac on the quality and the shelf life of rainbow trout (Oncorhynchus
mykiss Walbaum, 1792) fillets. Journal of Food Safety, 38 (6) :1111 — 1254,

Fan, W.; Sun, J.; Chen, Y.; Qiu, J.; Zhang Y. and Chi, Y. (2009). Effect of chitosan
coating on quality and shelf life of silver carp during frozen storage. Food
Chemistry,115: 66 — 70.

FAO: (2022). The state of world fisheries and aquaculture. Sustainability in action. Rome
Italy.

Hac-Szymanczuk, E.; Cegielka, A.; Karkos, M.; Gniewosz, M. and Piwowarek, K.
(2019). Evaluation of antioxidant and antimicrobial activity of oregano
(Origanum vulgare L.) preparations during storage of low-pressure mechanically
separated meat (BAADER meat) from chickens. Food Science and
Biotechnology, 28,(2): 449 — 457. https://doi.org/10.1007/s10068-018-0491-1.

Huss, H. H. (1995). Quality and quality changes in fresh fish. FAO Fisheries Technolical
Paper,348. Food and Agricculture Organization of the United Nations, Rome.,202

p.

Issifu, I. and Deffor, E.W. (2022). Drivers of Seafood Consumption at Different
Geographical Scales. Journal of Sustainability Research, 4, (3): e220012.
https://doi.org/10.20900/jsr20220012

Jeong, S. M.; Khosravi, S.; Lee, S. Y.; Kim, K. W.; Lee, B. J. and Lee, S. M. (2021).
Evaluation of the three different sources of dietary starch in an extruded feed for
juvenile olive flounder, Paralichthys olivaceus. Aquaculture, 533. https://doi.org/
10.1016/j.aquaculture.2020.736242.


https://doi.org/10.1007/s10068-018-0491-1

Evaluation of Physicochemical Properties of Some Imported Frozen Fish Species 813
from Basrah Markets, Iraq

Karami, B.1; Moradi, Y.2; Motallebi, A. A.; Hosseini E. and Soltani, M. (2013).
Effects of frozen storage on fatty acids profile, chemical quality indices and
sensory properties of red tilapia (Oreochromis niloticus x Tilapia mosambicus)
fillets. Iranian Journal of Fisheries Sciences, 12, (2): 378 — 388.

Khidhir, Z.K.; Murad, H.O.M. and Arif, E.D (2013). Qualitative assessment of
imported frozen fish fillets in Sulaimani markets Iragi Journal of Veterinary
Sciences, 27, (1): 49 — 55.

Li, H. Y.; Wang, Y.; Zhang, J. X.; Li, X. P.; Wang, J. X.; Yi, S. M.; Zhu, W. H.; Xu,
Y.X. and Li, J.R. (2023). Prediction of the freshness of horse mackerel
(Trachurus japonicus) using E-nose, E-tongue, and colorimeter based on
biochemical indexes analyzed during frozen storage of whole fish. Food
Chemistry, 402. https://doi.org/10.1016/j. foodchem.2022.134325.

Li, T.; Kuang, S.Y.; Hu, L.H.; Nie, P.C.; Ramaswamy, H.S. and Yu, Y. (2022).
Influence of the pressure shift freezing and thawing on the microstructure of
largemouth bass. Innovative Food Science and Emerging Technologies, 82.
https://doi.org/10.1016/]. ifset.2022.103176.

Lin, R.; Cheng, S.; Wang, S.; Tan, M. and Zhu, B. (2021). Influence of refrigerated
storage on water status, protein oxidation, microstructure, and physicochemical
qualities of Atlantic mackerel (Scomber scombrus). Foods, 10, (2): 214.

Liu, L.; Jiao, W.; Xu, H.; Zheng, J.; Zhang, Y.; Nan, H. and Huang, W. (2023).
Effect of rapid freezing technology on quality changes of freshwater fish during
frozen storage. LWT - Food Science and Technology, 189, (2023) 115520.

Liu, S.; Fan, W.; Zhong, S.; Ma, C.H.; Li, P.; Zhou, K.; Peng, Z. and Zhu, M.
(2010). Quality evaluation of tray-packed tilapia fillets stored at 0 °C based on
sensory, microbiological, biochemical and physical attributes. African Journal of
Biotechnology, 9, (5): 692 — 701.

Lorentzen, G.; Hustad, A.; Lian, F.; Grip, A.E.; Schrodter, E.; Medeiros, T. and
Siikavuopio, S.I. (2020). Effect of freezing methods, frozen storage time, and
thawing methods on the quality of mildly cooked snow crab (Chionoecetes opilio)
clusters. Lwt-Food Science and Technology, 123. https://doi.org/10.1016/j.
Iwt.2020.109103.

Luo, X. Y.; Li, J. L.; Yan, W. L.; Liu, R.; Yin, T.; You, J.; Du, H. Y.; Xiong, S. B.
and Hu, Y. (2020). Physicochemical changes of MJiTGase cross-linked surimi
gels subjected to liquid nitrogen spray freezing. International Journal of


https://doi.org/10.1016/j.%20ifset.2022.103176

814 Obeed & Al-Noor, 2025

Biological Macromolecules, 160, 642 - 651.
https://doi.org/10.1016/j.ijbiomac.2020.05.249.

Ma, X. A.; Mei, J. and Xie, J. (2021). Effects of multi-frequency ultrasound on the
freezing rates, quality properties and structural characteristics of cultured large
yellow croaker (Larimichthys crocea). Ultrasonics Sonochemistry, 76.
https://doi.org/ 10.1016/j.ultsonch.2021.105657.

Malik, ILA.; Elgasim, E.A.; Adiamo, O.Q.; Ali, A./A. and Ahmed, . A.M. (2021).
Effect of frozen storage on the biochemical composition of five commercial
freshwater fish species from River Nile, Sudan. Food Sci Nutr., (9): 3758 — 3767.

Mehrabi, F. A.; Sharifi, A. and Ahvazi, M. (2021). Effect of chitosan coating
containing Nepeta pogonosperma extract on shelf life of chicken fillets during
chilled storage. Food Science and Nutrition,9, (8): 4517 — 4528.

Mohamed, W. M.; Taha, E.M.A. and Osman, A.A.A. (2022). An economic study of
fish production and consumption in Egypt and its role in food security achieving.
SVU-International Journal of Agricultural Sciences, 4, (1): 223 — 235.

Mohmaudzadeh M., Motalledi A.A., Hosseini H., Haratian P., Ahmadi H.,
Mohammadi M. and Khaksar R., (2010) Quality assessment of fish burgers
from deep flounder (Pseudorhombus elevates) and brushtooth lizardfish (Saurida
undosquamis) during storage at -18°C. Iranian Journal of Fish Sciense, 9: 111 —
126.

Naseri, M.; Abedi, E.; Vafa, S. and Torri, L. (2020). Comparative investigation of
physico-chemical and sensory properties of glazed and non-glazed frozen rainbow
trout (Oncorhynchus mykiss) thawed with different methods by principal
component analysis. Iran Agric., 39: 45 — 58.

Naylor, R.; Kishore, A.; Sumaila, U.R. Issifu, I. Hunter, B.P. and Belton, B. (2021).
Blue food demand across geographic and temporal scales. Nat Commun. 2021;
12:5413.

Nazemroaya, S.; Sahari, M.A. and Rezaei, M. (2011). Identification of Fatty Acid in
Mackerel (Scomberomorus commersoni) and Shark (Carcharhinus dussumieri)
Fillets and Their Changes during Six Month of Frozen Storage at -18°C J. Agr.
Sci. Tech. (2011) 13: 553 — 566.

Ninan, G.; Bindu, J. and Joseph J. (2008). Frozen storage studies of minced based
products developed from tilapia (Oreochromis mossambicus, Peter 1852) Fish.
Technol., 45, (1): 35 —42.



Evaluation of Physicochemical Properties of Some Imported Frozen Fish Species 815
from Basrah Markets, Iraq

Obemeata, O.; Nnenna, P. and Christopher, N. (2011). Microbiological assessment of
stored Tilapia guineensis. African Journal of Food Science, 5, (4): 242 — 247.

Pacheco-Aguilar, R.; Mazorra-Manzano, M. A.; Diaz-Rojas, E.I. and Lugo-Sanchez,
M.E. (2000). Postmortem changes in black skipjack muscle during storage in ice.
Journal of Food Science, 65, (5): 774 —779.

Park, D. H.; Lee, S.; Lee, J.; Kim, E.J.; Jo, Y. J.; Kim, H.; Choi, M.J. and Hong, G.
P. (2021). Stepwise cooling mediated feasible supercooling preservation to extend
freshness of mackerel fillets. Lwt-Food Science and Technology, 152.
https://doi.org/10.1016/j. lwt.2021.112389.

Pawar, P.P.; Pagarkar, A.U.; Rathod, N.B.; Patil, S.S. and Mahakal, B.V. (2013).
Effect of frozen storage on biochemical and sensory quality changes of fish
cutlets, made from fresh water fish catla (Catla catla). International Journal of
Bioassays, 02, (05): 789 — 793.

Pieniak, Z.; Kolodziejczyk, M.; Kowrygo, B. and Verbeke, W. (2011). Consumption
patterns and labelling of fish and fishery products in Poland after the EU
accession. Food Control, 22, (2011): 843 — 850.

Rotabakk, B. T.; Melberg, G. L. and Lerfall, J. (2018). Effect of season, location,
filleting regime and storage on water-holding properties of farmed Atlantic
salmon (Salmo salar L.). Food technology and biotechnology, 56, (2): 238 — 251.

Samuthirapandian, R.; Kaliyaperumal, K.; Rameshkumar, G. and Ajith Kumar, T.
T. (2010). Antimicrobial Peptides from the Marine Fishes. Res. J. Immunol, (3):
146 — 156.

Seifzadeh, M.; Motallebi, A.A; and Mazloumi, M.T. (2012). Evaluation of fat quality
in packaged common kilka fish soaked in whey protein compared with sodium.
alginate. Scholarly J Agricul Sci.;2, (2): 26 — 31.

Sone, I.; Skara, T. and Olsen, S.H. (2019). Factors influencing postmortem quality,
safety and storage stability of mackerel species: Areview. Eur. Food Res.
Technol, 245, (4): 775 — 791.

Stasiak, D. M. and Dolatowski, J. Z. (1998). The effect of low frequency and intensity
ultrasoun on pre-rigor meat on structure and functional parameters of freezing and
thawed beef semimemb-ranosus muscle. Proc. 44th Int Cong. Meat Sci. Technol.,
Barcelona, Spain.

Sun, Q., Zhang, H., Yang, X., Hou, Q., Zhang, Y., Su, J., Liu, X., Wei, Q., Dong, X., Ji,
H., & Liu, S. (2023). Insight into muscle quality of white shrimp (Litopenaeus



816 Obeed & Al-Noor, 2025

vannamei) frozen with static magnetic-assisted freezing at different intensities
[Journal Article]. Food Chemistry-X, 17, Article 100518.
https://doi.org/10.1016/j.fochx.2022.100518.

Sun, Q.X.; Zhao, X.X.; Zhang, C.; Xia, X. F.; Sun, F. D. and Kong, B. H. (2019).
Ultrasoundassisted immersion freezing accelerates the freezing process and
improves the quality of common carp (Cyprinus carpio) at different power levels.
Lwt-Food Science and Technology, 108, 106 - 112.
https://doi.org/10.1016/j.Iwt.2019.03.042.

Taliadourou, D.; Papadopoulos, V.; Domvridou, E.; Savvaidis, I. N. and
Kontominas, M. G. (2003). Microbiological, chemical and sensory changes of
whole and filleted Mediterranean aquacultured sea bass (Dicentrarchus labrax)
stored in ice. Journal of the Science of Food and Agriculture, 83, (13): 1373 —
1379.

Tan, M.; Li, P.; Yu, W.; Wang, J. and Xie, J. (2019). Effect of Glazing with
Preservatives On the Quality Changes of Squid During Frozen Storage. Applied
Sciences,9, (3847) :1 - 14.

Tan, M.; Liu, Z. and Zu, Y. (2018). Effect of multiple freeze-thaw cycles on the quality
of instant sea cucumber: Emphatically on water status of by LF-NMR and MRI.
Food Res. Int., 109: 65 — 71.

Tingting, L.; Jianrong, L.; Hu, W.; Zhang, X.; Li, X. and Zhao, J. (2012). Shelf-life
extension of crucian carp (Carassius auratus) using natural preservatives during
chilled storage. Food Chemistry, 135, (1) :140 — 145.

Tocher, D. R.; Betancor, M. B.; Sprague, M.; Olsen, R. E. and Napier, J. A. (2019).
Omega-3 long-chain polyunsaturated fatty acids, EPA and DHA: bridging the gap
between supply and demand. Nutrients, 11, (1): 89 — 96.

Valizadeh, S.; Naseri, M.; Babaei, S. and Hosseini, S. (2020). Shelf life extension of
fish patty using biopolymer-coated active paper sheets. Food Packaging and Shelf
Life, 26. https://doi.org/10.1016/].fpsl.2020.100603.

Wang, B., Yang, H., Yang, C,, Lu, F., Wang, X. and Liu, D. (2022). Prediction of total
volatile basic nitrogen (TVB-N) and 2-thiobarbituric acid (TBA) of smoked
chicken .thighs using computer vision during storage at 4 -C. Computers and
Electronics in Agriculture, 199, Avrticle 107170.
https://doi.org/10.1016/j.compag.2022.107170.

Wang, Y.; Liang, H.; Xu, R.; Lu, B.; Song, X. and Liu, B. (2020). Effects of
temperature fluctuations on the meat quality and muscle microstructure of frozen


https://doi.org/10.1016/j.fochx.2022.100518
https://doi.org/10.1016/j.lwt.2019.03.042
https://doi.org/10.1016/j.fpsl.2020.100603
https://doi.org/10.1016/j.compag.2022.107170

Evaluation of Physicochemical Properties of Some Imported Frozen Fish Species 817
from Basrah Markets, Iraq

beef. International Journal of Refrigeration, 116, 1-8. https://doi.org/10.1016/].
ijrefrig.2019.12.025.

Wei, P.; Zhu, K.; Cao, J.; Dong, Y.; Li, M.; Shen, X.; Duan, Z. and Li, C. (2021).
The inhibition mechanism of the texture deterioration of tilapia fillets during
partial freezing after treatment with polyphenols [Evaluation Study; Journal
Article]. Food Chemistry, 335, Article 127647.
https://doi.org/10.1016/j.foodchem.2020.127647.

Wong, R.; Fletcher, G. and Ryder, J. (1991). Manual of analytical methods for seafood
research. DSIR Crop Research Seafood Report No. 2, Private Bag., Christchurch,
New Zealand.

Xie, X.; Zhai, X. Q.; Li, Deng, J.; Yang, X.; Liang, S.; Kou, H.; Huang, Y.; Liu, H.;
Li, W.; Li, Q. and Li, L. (2022). Comparative analysis of physicochemical and
nutritional properties between crisp and normal tilapia. Journal of Fisheries of
China, 10, (6): 1 - 8.

Young, L. L. and Lyon, C. E. (1997). Effect of electrical stimulation in combination
with calcium chloride or sodium chloride treatments at constant ionic strength on
moisture binding and textural quality of early-harvested breast fillets. Poultry
science, 76, (10): 1446 — 1449.

Zessin, D. A.; Pohu, C. V.; Wilson, G. D. and Carrigan, D. S. (1961). Effect of pre-
slaughter dietary stress on the carcass characteristics a palatability of pork. J.
Anim. Sci. 20, (6): 871 — 876.

Zhan, X.; Sun, D. W.; Zhu, Z. and Wang, Q. J. (2018). Improving the quality and
safety of frozen muscle foods by emerging freezing technologies: A review
[ournal article; review]. Critical Reviews in Food Science and Nutrition, 58,(17):
2925 — 2938. https:// doi.org/10.1080/10408398.2017.1345854.

Zhang, M.; Xia, X.; Liu, Q.; Chen, Q. and Kong, B. (2019). Changes in
microstructure, quality and water distribution of porcine longissimus muscles
subjected to ultrasound-assisted immersion freezing during frozen storage
[Journal Avrticle]. Meat Science, 151, 24 -32.
https://doi.org/10.1016/j.meatsci.2019.01.002.

Zhang, X.; Liu, Y.; Yong, H.; Qin, Y.; Liu, J. and Liu, J. (2019). Development of
multifunctional food packaging films based on chitosan, TiO2 nanoparticles and
anthocyanin-rich black plum peel extract. Food Hydrocolloids, (94): 80 — 92.


https://doi.org/10.1016/j.%20ijrefrig.2019.12.025
https://doi.org/10.1016/j.%20ijrefrig.2019.12.025
https://doi.org/10.1016/j.meatsci.2019.01.002

818 Obeed & Al-Noor, 2025

Zhao, Z. X.; Xu, P.; Cao, D. C.; Kuang, Y.Y.; Deng, H. X.; Zhang, Y. and Sun, X.
W. (2014). Duplication and differentiation of common carp (Cyprinus carpio)
myoglobin genes revealed by BAC analysis. Gene, 548, (2): 210 — 216.

Zhu, Z., Zhou, Q., and Sun, D. (2019). Measuring and controlling ice crystallization in
frozen foods: A review of recent developments. Trends in Food Science and
Technology, 90, 13 — 25. https://doi.org/10.1016/j.tifs.2019.05.012.



https://doi.org/10.1016/j.tifs.2019.05.012

