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Abstract
This study aims to determine the quality of frozen fish fillets sold in Sulaimani city markets a total number of (64) sample
of frozen fish fillets belonged to 4 foreign trademarks were collected from different parts of Sulaimani markets. The samples
were subjected to physical and chemical tests to determine their quality and suitability for human consumption. The proximate
chemical analysis referred to presence of significant differences in moisture, fat and protein content among the four trademarks
except for ash content. While the physical indices showed that White fish fillets recorded the lowest thawing and cooking loss
which in return recorded the highest WHC. Chemical indices showed that the pH mean values of Myanmar and Flander mark
were significantly differed (P<0.05) than Hasson and White fish fillet, Although, the results of FFA recorded no significant
differences among the trademarks, and Flander mark recorded the highest PV and TBA among the other which made it
significantly differed than them and White fish fillet recorded the lowest, still, they were within the international standard
limits. Where, the results of TVN values recorded no significant differences () among the inspected marks. All obtained results
referred to the validity of these fish fillets for human consumption.
Keywords: Fish; Frozen fillets; Chemical Composition; Physical traits; Chemical indicators.
Available online at http://vetmedmosul.org/ijvs

التقييم النوعي لشرائح األسماك المجمدة المستوردة في أسواق السليمانية
٢

 و ايمان ظاھر عارف٢ ھاذاو عمر مراد، ١زيد خلف خضر

 جامعة السليمانية، كلية الطب البيطري،  فرع االحياء المجھرية٢ ، فاكلتي العلوم الزراعية، قسم االنتاج الحيواني١
الخالصة
 تم.ھدفت ھذه الدراسة الى تقييم نوعية شرائح السمك المجمد والموجود في اسواق مدينة السليمانية لبيان صالحيتھا لالستھالك البشري
 اظھرت نتائج الفحص الكيميائي التقريبي وجود اختالفات معنوية بين معايير. عينه الخضاعھا للفحوصات الفيزيائية والكيميائية٦٤ جمع
 اظھرت نتائج شرائح السمك االبيض للدالئل الفيزيائية اقل نسبة فقد اثناء االذابة ونسبة الفقد. الدھن الخام والبروتين عدا الرماد،الرطوبة
(P<0.05)  اما الدالئل الكيميائية فاظھرت وجوداالختالفات المعنوية.اثناء الطبخ مما ادى الى حصولھا على اعلى نسبة قابلية حفظ للماء
لكل من عالمتي مينمار و فالندر عن عالمتي حسون وشرائح السمك االبيض وبالرغم من عدم وجود اختالفات معنوية بين القيم االحماض
الدھنية المتطايره و حصول عالمة فالندر على اعلى )قيمة بيروكسيد وحامض البيربيوتريك( مما ادى ذلك الى اختالف معنوي عن باقي
 اما. اشارت النتائج المستحصلة كانت ضمن حدود المعايير الدولية المعتمدة،الشرائح وحصول شرائح السمك االبيض على اقل نسبة فيھا
 كل النتائج اظھرت.( بين المفحوصة المفحوصةP>0.05) نتائج تحليل نسبة النتروجين الكلي المتطاير فقد تبين عدم وجود اختالفات معنوية
.صالحية ھذه المنتجات لالستھالك البشري
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samples of frozen fish fillets belonged to 4 foreign
trademarks were collected from different parts of Sulaimani
city markets. Physical and chemical tests were made in the
laboratories of Animal Production Department, Faculty of
Agriculture, University of Sulaimani, Kurdistan region,
Iraq.

Introduction
Fish freshness is fundamental to fish quality. The state
of freshness can be described by a variety of definite
properties of the fish which can be assessed by various
indicators (1). Freezing and frozen storage have been
largely used to retain fish sensory and nutritional properties
(2,3). Fish muscle proteins can undergo denaturation during
frozen storage due to formation and accretion of ice crystals
resulting in dehydration (4). During frozen storage fish
muscle may, however, lead to denaturation and aggregation
of especially myofibrillar proteins. These changes result in
altered functional properties, changed textural attributes and
reduced water holding capacity and juiciness. The result is
a hard, dry and fibrous fish product with a reduced eating
quality. Moreover, liquid losses may also directly result in
economic losses (5). Changes in lipid occur through
hydrolysis and oxidation mechanism. The pH is considered
as one of the important quality tests for evaluating the meat
quality (6). As a result, the pH of fish muscle remains high
after death (>6.0) favoring microbial growth and enzymatic
activity (7). Thawing loss considered as one of an important
tests because its determined the quality of frozen meat, the
increase in leads to increase loosing of juice and the meat
became dry and pale (8). The chemical spoilage associated
with fish during storage is mainly due to fish lipid
degradation (auto-oxidation). In general, fish have high
degree of unsaturated lipids than other food commodities
(9). According to Haard (10) fish lipids are subjected to two
main changes, lipolysis and auto-oxidation. The main
reactants in these processes involves atmospheric oxygen
and fish unsaturated lipids, leading to the formation of
hydroperoxides, associated with tasteless, flavor and
accompanied by brown yellow discoloration of the fish
tissue (11). Upon further degradation of hydroperoxides is
the formation of strong rancid flavors e.g. aldehydes and
ketones, usually associated with spoilt fatty fish species
(12). With regard to evaluation of fish quality using
chemical methods, the total volatile basic amines (TVB)
constitute to the commonly measured chemical indicators.
The concentration of these chemicals in fish tissues can be
determined by steam distillation methods (13). Other
methods such as Peroxide Value (PV) and Thiobarbituric
Acid (TBA) also constitute to the chemical methods that are
used to measure rancidity in fish and fish products
generally. Free fatty acids (FFA) content has been used to
establish the grade of deterioration (14). This study aimed
to evaluate the physical and chemical quality parameter of
some foreign trademarks of frozen fish fillets commercially
available or sold in Sulaimani market.

Chemical compositions
Chemical composition (moisture, protein, fat and ash)
determined according to AOAC (15).
Physical indicators:
Water holding capacity (WHC) were measured
according to (16). Cooking loss were measured according
to (17). Thawing loss was done according to (18) method.
Chemical indicators:
The pH of the meat specimens were measured according
to Naveena and Mendiratta (19). 10 grams were
homogenized with 50ml of distillated water then filtered
through whatman no.1 filter paper. pH of the filtrate was
measured using digital pH meter. Total volatile nitrogen
(T.V.N) was done according to (13), Thiobarbituric acid
(TBA) value was analysis as described by (20) as adopted
by (21), Free fatty acids (FFA) and peroxide value (PV)
were analysis according to (22).
Statistical analysis
All data were subject to one-way analysis of variance
(ANOVA) using SPSS 18.0 and XL Stat program for
Windows. Differences Between the means were tested by
Duncan’s multiple range tests. The level of significance
was chosen at P<0.05 and the results are presented as mean
(23).
Results and discussion
Table (1) showed the chemical composition mean
values for four trade of fish fillet. The moisture content
mean values were 82.448; 81.742; 75.315; 73.340 % for
Myanmar, Flander, Hasoon and White fish fillet
respectively. Mayanmar and Flander mark were
significantly different than the Hasson and White fish fillet
which were not different in between. The protein content
mean values were 13.727; 15.083; 20.375; 22.570 % for the
four trademarks respectively. The first two marks were
significantly different than the latter two marks. While the
fat content means values were 1.665; 1.048; 2.008; 1.523%
for the four marks respectively. Flander mark was
significantly different than the other marks. The ash content
mean values were 1.780; 1.657; 1.950; 2.100 % for the four
trademarks respectively. There were no significant different
among the marks.

Material and methods
The ultimate inspection included a total number of (64)
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Table 1: Chemical composition means of four trademarks of frozen fish fillets (Mean± SE).
Trade marks
Myanmar
Flander
Hasoon
Moisture%
82.448 ± 0.297a*
81.742 ± 1.103a
75.315 ± 2.663b
Protein%
13.727 ± 0.393b
15.083 ± 0.821b
20.375 ± 1.841a
Fat%
1.665 ± 0.227ab
1.048 ± 0.172b
2.008 ± 0.315a
Ash %
1.780 ± 0.069a
1.657 ±0.278a
1.950 ± 0.562a
*Means having different letters in the same raw are significantly different (P<0.05) for each parameter.
Chemical composition

White fish fillet
73.340±1.235b
22.570±0.948a
1.523±0.441ab
2.100 ± 0.121a

recorded significant differences among the marks. While
Hasson had the highest cooking loss and White fish fillet
had the lowest, although the both mentioned marks were
significantly different than the other two marks which were
not differences in between. Water holding capacity showed
that white fish fillet recorded highest value among the other
marks and Myanmar recorded the lowest, which were
significantly different than the rest trademarks.

Physical indicators
The physical indices mean values for four trademark of
frozen fish fillet are shown in table (2). The mean values of
thawing loss were 22.208; 24.967; 21.375; 12.69 %, and for
cooking loss were 28.083; 32.010; 38.575; 13.573 %, while
water holding capacity were 29.815; 31.712; 42.857;
54.642 ml/ 10 gm meat for Myanmar, Flander, Hasson and
White fish fillets marks respectively. Thawing loss

Table 2: Physical traits means of four trademarks of frozen fish fillets (Mean± SE).
Trade marks
Myanmar
Flander
Hasoon
Thawing loss
22.208 ±0.330b*
24.967 ±0.682a
21.375 ±0.476b
Cooking loss
28.083 ± 0.850b
32.010 ±0.201b
38.575 ±3.899a
Water holding capacity
29.815 ± 1.090c
31.712 ±.379c
42.857 ± 0.420b
*Means having different letters in the same raw are significantly different (P<0.05) for each parameter.
Physical traits

White fish fillet
12.693 ±0.811c
13.573 ± 1.593c
54.642 ±1.002a

Figure (2) showed the free fatty acid mean values for
four trademarks of fish fillets. The results showed that there
were no significant different among the samples
trademarks.

Chemical indices
Figure (1) showed the pH mean values of four
trademarks of fish fillets. The results showed that Myanmar
and Flander mark (7.908- 7.728) were significantly differed
than Hasson and White fish fillet (6.885- 6.757).

*

Figure 2: free fatty acid means for four trademarks of
frozen fish fillets. Means having different letters are
significantly different (P<0.05).

Figure 1: pH means for four trademarks of frozen fish
fillets. *Means having different letters are significantly
different (P<0.05).

Figure (3) showed the peroxide value mean values for
four trademarks of fish fillets. The results showed that
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Flander mark recorded the highest value among the other
which made it significantly differed than them. While,
White fish fillet recorded the lowest.

trademarks respectively. There were
differences among the inspected marks.

no

significant

Figure 5: Total Volatile Nitrogen means for four
trademarks of frozen fish fillets. Means having different
letters are significantly different (P<0.05).

Figure 3: Peroxide value means for four trademarks of
frozen fish fillets. Means having different letters are
significantly different (P<0.05).

Discussion
It appeared that there was an inverse relationship
between lipid and moisture contents in the four trade mark
of fish fillet. This result is in agreement with previous
investigation (24). Mayanmar and Flander recorded highest
moisture content than Hasson and White fish fillet. The fat
content showed that only Flander and Hasson mark were
significantly differ from each other, this could be due to
that lipid content of fish flesh, is directly related to the
nutrition of the fish (25-27). Although high protein contents
were shown in Hasson and white fish fillet mark, but the
protein contents for all four marks occurred within the
normal range values of protein in fish (15-25%) (9), and the
variation in protein content could be due to the variation in
species, feed availability, sexual maturity, spawning, season
of catching and processing methods (28). The obtained
results were within the range recorded by Burgaard (29), as
the average lipid content of the 22 cod used in study was
0.7 % and the water content was 79.7 %. The average lipid
content of the 22 trout was 8.2 % and the water content was
72.7 %. The average lipid content of the tuna used was 0.9
± 0.2 % and the water content was 72.9. Data of ash
contents showed no different among inspected marks, other
studies have mentioned values of 1.05 - 1.29 % which are
within the ranges found in the present study (30) and in
Rainbow trout and Tilapia muscles (31). The proximate
composition is species specific (32), so it is logic to see
differences amongst all examined fish. However all values
were within the normal ranges of proximate composition
(water 66-84%, protein 15-25 % and fat 0.1 -24 %) (9).

The mean values of Thiobarbituric acid for four
trademarks of fish fillets are shown in figure (4). The values
were 0.752; 0.879; 0.631; 0.470 mg Malonaldehyde/ kg
meat for Myanmar, Flander, Hasson and white fish fillet
respectively. Flander mark had the highest value while
White fish fillet had the lowest.

Figure 4: Thiobarbituric acid means for four trademarks of
frozen fish fillets. Means having different letters are
significantly different (P<0.05).
The Total Volatile Nitrogen (T.V.N.) of the frozen fish
fillets of four trademarks are shown in figure (5). The mean
values were 6, 11, 9, 13 mg N/100 g meat for the four
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conclusions to be drawn about the degree of denaturation of
the proteins and therefore the quality of the fish (40).
The glycogen levels of fish muscles are lower than
those of mammalian muscles, mainly due to the stress of
fishing. There were many studies involving the pH of fishes
meat, such as Taşkaya et al. (41) who demonstrated the pH
of fresh flesh as 6.83-7.03 but there was change in this
value through storage period to reach 5.67-5.82. Kilinc and
Cakli (42) noted in their study on fresh Sardine fishes that
the pH was 6.72, Gandotra, et al. (43) studied the effect of
chilling and freezing on fish muscles, and they used the
muscles of Mystus seenghala, their results showed that at 12ºC (frozen) for 21 days the pH of the muscles were
increases slightly from 6.8 to 7.1, although, Aubourg et al.
(44) claimed that frozen storage did not have significant
effect on pH changes during storage period.
Lipid (glycerol-fatty acids esters) present in the fish
muscle undergoes hydrolysis, resulting in the release of
fatty acids (45). Due to lipid hydrolysis, FFA accumulates
in the tissue during frozen storage, especially at high
temperatures around -10 to -20 °C (46, 47). Slow freezing
rates or fluctuating storage temperatures may result in the
lysis of lysosomes and thereby increased activity of some
endogenous lipases resulting in increased rates of FFA
accumulation (48). The obtained results were lower than the
results recorded by Gandotra et al. (43), that at -12, the FFA
in Mustus seengala muscles was 0.57 % on day zero and
5.61% on 21st day of storage. Rodriguez et al. (47)
observed increasing FFA during frozen storage in farmed
Coho salmon (Oncorhynchus kisutch). While Seifzadeh et
al. (49) made a study to evaluate the fat quality in packaged
common kilka fish (Clupeonella cultriventris caspia)
soaked in whey protein compared with sodium alginate,
they recorded the FFA at the first day was 4.10 and
increases to 12.38 at the sixth month.
According to Connell (50), when the peroxide value
exceeded 10 meq oxygen/ kg fat of fish meat, the fish meat
is then considered unfit for human consumption or refused;
all inspected marks were within the acceptable limits. Egan
et al. (51) suggested that the rancidity flavor occur when
peroxide values reach to 20-40 meq oxygen/ kg fat. So, the
present investigation found that all four tested marks
haven’t showed rancidity flavor. The current result were
lower than results of Rostamzad et al. (52) who recorded
the PV level in control fillets of Persian Sturgeon during
frozen storage increases from 0.2 in first day of storage to
10 at sixth month. While Seifzadeh et al. (49) recorded the
PV at the first day was 0.2 and increases to 5.10 at the sixth
month.
The good quality product should not be more than 5mg
malonaldehyde/kg (53). According to this, all four
inspected marks were with the limits. The increase of lipid
content than the lipid oxidations resulting from action of

Flander mark recorded the highest thawing loss (drip
loss), while White fish fillet recorded the lowest, this
variation could be due to, either type of freezing; at freezing
fish muscles, the slow freezing will result in a considerable
loss of fluid when the fish thawed. The smaller ice crystals
formed, when fish is frozen quickly, were thought to do
little damage to the cell walls and, as a result, little fluid
was lost on thawing (11). Or due to the storage temperature;
whenever the storage temperature was high (-30 to -40)
whenever the lowest drip loss (30), or due to that the fish
protein properties change during frozen storage and they
are partially denaturized which can lead to water leakage
(drip) when thawed and decreased water holding capacity
(33, 34). Our results were higher than results mentioned by
Magnea and Karlsdottir (35) who recorded the drip loss of
fresh control cod fillets after (1) month of frozen storage
was 10.7 while in control fresh skinless fillets after one
month of frozen storage was 4.7.
The data of water holding capacity revealed that white
fish fillet had the highest water holding capacity, while both
of Flander and Mayanmar share the lowest. There are many
factors that influence the water holding capacity of muscle
tissue and can be categorised as internal or external factors.
Internal factors are e.g. species, age, size, muscle type,
amount of intra muscular fat and muscle tissue condition
post mortem. External factors are e.g. feeding patterns,
season and location of catching and handling post slaughter.
Changes in chemical composition during processing are
also important, especially in processes like salting (36).
In general, pH is commonly known to be one of the
most important factors to affect the WHC of a product (3739). The WHC is affected by the changes that take place in
muscle tissue post mortem. Figure (1) showed that White
fish fillet had the lowest pH value. Reduced WHC is
primarily due to denaturation/aggregation of actin and in
particular myosin. These are the main contractile proteins
responsible for functional properties and their denaturation
and aggregation is typically caused by ice crystal growth,
increased ionic strength due to water crystallization and
protein and lipid oxidation (33,34,39), the obtained results
were lower than results obtained by Burgaard (29) who
recorded the WHC in tuna samples at second month of
frozen storage at (-10ºC) was 90.96 and at third month was
94.98.
The cooking loss results revealed that Hasson mark had
the highest cooking loss while White fish fillet had the
lowest. The low cooking loss may be due to increased
moisture content, water holding capacity (table, 2) which
leads to an increased ability of meat tissue to retain water
and reducing loss during cooking and depended on protein
percentage, lowering pH value (3), also affects cooking loss
by changes in ionic balances of proteins on acidic pH. The
determination of the WHC and cooking loss allows
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texture. In : Bremner A H, editor. Safety and quality issues in food
processing. Boca Raton Boston New york Washington, DC: Wood
Head Publishing Limited. 2002; pp: 221-253.
11. Huss HH. Assurance of seafood Quality. Rome: FAO Fisheries
Technical Paper, 1994.No.334.
12. Ashton IP. Understanding lipid oxidation in fish. In: Bremner H A,
editor. Safety and quality issues in fish processing. Wood head
Publishing Ltd. Cambridge. 2002.
13. Malle P, Poumeyrol M. A new chemical criterion for the quality
control of fish: Trimethylamine /Total Volatile Basic Nitrogen (%). J
Food Protect. 1989;52:419-423.
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Soluble protein and free fatty acid content as quality criteria for hake
(Merluccius capensis) stored at −18°C. J Sci Food Agricul.
1991;54:449–458.
15. AOAC. Offical Methods for Analysis of Association officials of
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16. Wardlaw FB, McCaskill LH, Acton JC. Effect of postmortem muscle
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18. Nam J, Park H, Songa CK, Kim DG, Moon YH, Jung IC. Effect of
freezing and re-freezing treatment on chicken meat quality. Food Sci.
2000;20:222-229.
19. Naveena BM, Mendiratta SK. Tenderization of spent hen meat using
ginger extract. British Poul Sci. 2001;42:344–350.
20. Tarladgis B, Watts BM, Yonathan M, Dugan LJ. Distillation method
for determination of malonaldehyde in rancidity food. J the American
Oil Chemists’ Society. 1960; 37(1):44-48.
21. Witte VC, Krause GF, Bailey ME. A new extraction method for
determining 2-thiobarbituric acid values of pork and beef during
storage. J Food Sci. 1970;35:582–585.
22. Egan H, Kirk RS, Sawyer R. Pearson’s Chemical Analyses of Foods;
8th Edition London-UK. 1981.
23. Steel RGD, Torrie JH, Dickey DA. Principles and procedures of
statistics. A biometrical approach. 3rd ed. McGraw Hill Book
Company Inc, New York, USA. 1996.
24. Hassan IM. Fish technology .Science and food technology department
.part of food technique book .Ein Shamas university. Egypt.
2001.pp:76.
25. Higgs DA, Skura BJ, Dosanjh BS, Yan D, Powrie WD, Donaldson
EM. Comparing farmed and wild coho salmon. Canadian Aquacul.
19895: 51-53.
26. Nettleton JA, Exler J. Nutrients in wild and farmed fish and shellfish. J
Food Sci. 1992; 57(2):257-260.
27. Orban E, Nevigato T, Di Lena G, Casini I, Marzetti A. Differentiation
in the lipid quality of wild and farmed seabass (Dicentrarchus labrax)
and gilthead sea bream(Sparus aurata). J Food Sci. 2003; 68(1):128132.
28. Oduor-Odote PM, Kazungu, JM. The body composition of low value
fish and their preparation into a higher value snack food. Western
Indian Ocean J Mar. Sci. 2008; 7: 111-117.
29. Burgaard, MG. Effect of frozen storage temperature on quality-related
changes in Fish Muscle. Changes in physical, chemical and
biochemical quality indicators during short- and long term Storage.
PhD dissertation. National Food Institute. Technical University of
Denmark. 2010.
30. Salh MJH. Nutritive value of flesh Meat for five Species fish in Dukan
Lake. Master of Science in Animal science/ Fish Technology. College
of Agriculture, Salahadin University. 2009.
31. Tozer KN. Quality improvement and shelf-life extension of fish filets
from three aquaculture species The Faculty of Graduate Studies Of
The University of Guelph , Master of Science. 2001. PP: 314.

lipolytic enzymes (Lipases and phospholipases) that fish
phospholipids
undergo
degradation
to
produce
hydroperoxides, Aldehydes and ketones which are
responsible for the development of oxidative rancidity (54).
The recorded results were less than the results of
Rostamzad et al. (52) who revealed that the TBA values
was 0.2 at first day of storage and increases to 2.7 at the
sixth month. And with Seifzadeh et al. (49) who recorded
the TBA at the first day was 0.03 and increases to 0.32 at
the sixth month.
If the T.V.N. reaches 30mg N/100g most authorities
would consider the fish to be stale, whilst at 40 mg N/100 g
the fish is regarded as unfit for consumption. The level of
TVN for white fish is generally considered to be fresh if the
T.V.N. is less than 20mg N/100 g sample according to the
Codex Alimentarius Committee proposed in 1968 the TVB
assay by steam distillation (23). Although, Frozen storage
have an effect on the lipid contents which might be related
to fat oxidation (54-56), still, all inspected marks recorded a
satisfied limits and they were not agree with the results of
Seifzadeh et al. (49) who reported that TVN at the first day
was 9.8 and increases to 21.7 at the sixth month.
Conclusion
Regarding the proximate chemical analysis with
physical and chemical indices showed that all inspected
marks were within limits specified by National regulations
and with satisfied qualities, inspit for the frozen storage
which have no significant effect on the quality of the
samples.
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