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Abstract: As lack of proper preservation techniques are responsible for the spoilage of huge amount of fish
and fish products of Bangladesh, it is inevitable to identify the best one or any combination among different
storage  methods.  The  present  study  was  conducted  to evaluate the effect of low dose gamma irradiation
(1.5  and  3  Kgy)  in  combination  with low temperature refrigeration at -20°C for extending the quality and
shelf-life of two types (wild and culture) of degutted fresh stinging catfish (Heteropneustes fossilis) for 60 days
storage period. Moisture, protein, ash and lipid content were 78.76±0.11%, 15.52±0.27%, 3.11±0.05%,
2.58±0.07%, respectively for wild and 74.69±0.28%, 18.65±0.06%, 3.10±0.03% and 3.48±0.13% for cultured
catfish. Calcium content were 136.19±8.19 and 151.11±5.96 mg/100g and phosphorus content were 293.71±13.67
and 314.54±9.55 mg/100g for wild and cultured catfish, respectively. Sensory and chemical assessment Total
Volatile Nitrogen (TVN) and Trimethylamine (TMA) for two types of catfish were carried out at the 1, 7, 15, 30,
45 and 60 days of storage periods. The sensory score was gradually reduced with the storage period where the
score was highest in control for both types. Besides, significant differences (p < 0.05) were observed among
treated groups (0, 1.5 and 3 KGy) for TVN and TMA in both wild and cultured fish meanwhile the converse
pattern was found within storage duration. By the comparative study on two irradiated samples (1.5 and 3 KGy)
and one control sample, the most desirable condition for both types of fish was found in the samples treated
with 3 KGy of irradiation.
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INTRODUCTION processors to define the optimum processing and storage

The nutritional quality of fish food is very important all the flesh food, fish is the most susceptible to autolysis,
to the human consumer. Consumption of fish provides oxidation and hydrolysis of fats and microbial spoilage
important nutrients to a large number of people worldwide [5].
and makes a very significant contribution to nutrition [1]. The shelf life of fresh fish depends on the species,
Food safety concerning with animal  proteins  derived the methods of the catch used and the handling and
from fish, fishery products, meats and meat products storage processes [6]. Besides, bacteriological quality is
creates a high risk commodity regarding pathogenic/ directly related to the spoilage of fish and becomes the
microbial  contaminations,  adulterants  and natural cause  of outbreak of food poisoning [7]. Moreover,
toxicity consequence, infirmity and death [2]. Biochemical fishes living in heavily bacterial contaminated aquatic
analysis provides information on the nutritive value of a habitats of Bangladesh can easily intake bacteria during
particular organism used as a source of food [3]. feeding  along  with  contaminated  aquatic  foods   [8].
Knowledge on this composition of fish will help the So, microbiological criteria are laid down when there is a

conditions for premium quality products [4]. Besides, of
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need to protect public health [9]. Thus, spoilage due to contains high degree of nutritive elements. Hence, the
microbial activity is the main limitation of the shelf life of objective of this study was to observe the effect of
refrigerated fish [10]. The spoilage rate in fish can be gamma radiation (1.5 and 3.0 KGy) in combination of low
reduced by taking different preservation measures, the temperature refrigeration (-20°C) on two types of stinging
use of refrigeration to extend the storage life of the fish catfish, H. fossilis.
[11]. Moreover, refrigeration is easy for application and
storage conditions, neither adding nor removing any MATERIALS AND METHODS
ingredients for fish [12]. 

Refrigeration inhibits the food spoilage organisms Samples collection and Preparation: In this study, wild
activity and the low storage temperature greatly slows and cultured stinging catfish were collected from the local
down the enzymatic and biochemical reactions [13]. markets and  fish  hatcheries.  The  wild  fishes are
Freezing kills some but not all of the microorganisms brought to the market from different natural sources
present and growth will take place after thawing if time (ponds, ditches, swamps and marshes) while different fish
permits. Fish usually carry a flora of psychrotrophic hatcheries supply cultured fishes. The wild and cultured
bacteria, most of which survive freezing and ready to catfish were differentiated by their general appearance
grow on thawing e.g. Pseudomonas, Acinetobacter, [22] as the wild fish is usually dark in color, possess
Maranella, Alcaligens and Flavobacterium species [5]. elongated and compressed body and small in size whereas
A close relationship exists between the numbers of the cultured one is usually characterized with light body
bacteria present in the muscle and the amount of color, slightly deep body and relatively large in size [23].
Trimethylamine (TMA) that is produced [14] and Collected  fresh fish  were  immediately  transferred to
deterioration by improper handling and responsible for pre-sterilize polythene bag with ice and a portion was
causing foodborne diseases [15, 16]. carried to the laboratory of Food Processing and

Besides refrigeration, ionizing radiation is the only Preservation Division, IFRB, AERE, Savar, Dhaka for pH,
alternative to heat processing for food preservation that sensory and chemical analysis (TVN and TMA) and
has a lethal effect on micro-organisms. Further, it is the another portion of the sample was taken to the laboratory
only novel method of food preservation suggested for of the Department of Fisheries, University of Dhaka for
many countries [17]. It has been considered that biochemical (proximate and minerals) composition. The
ionization radiation or energy exerts its lethal effects on entire samples were first randomly taken and beheaded,
bacteria mainly through direct action. With the progress degutted and detailed. Then the dressed samples were
in the radiological research, it become obvious that free washed with tap water and drained. Then, the fishes were
radicals and inactive molecules indirectly informed by divided into the following 6 sample groups for the wild (A,
reaction of the radiation with medium, could also C, E) and cultured (B, D, F) catfish in the laboratory of
contribute much to the rate of destruction of microbes or Food Processing and Preservation Division. 
bacteria. Inactivation of bacterial cells or loss of their
capacity for indefinite reproduction is due to the energy Sample A: Control
deposition in the critical cell components [18]. Sample C: 1.5 Kgy

Combination of treatments for food preservation may Sample E: 3.0 KGy
result in synergistic or cumulative effects of Sample B: Control
microbiological barriers or hurdles, leading to a reduced Sample D: 1.5 Kgy 
level of one or all the treatments [19]. Food irradiation, in Sample F: 3.0 KGy
combination with good refrigeration and handling
practices, might provide a means to increase fish product Gamma Irradiation:  Except  the sample A and B the
shelf life [20]. The expert groups of International Atomic other samples were subjected to irradiate in a 50,000 curie
Energy Agency (IAEA), World Health Organization Co-60 source. In this experiment, the applied doses were
(WHO) and Food and Agricultural Organization (FAO) of 1.5 and 3.0 KGy and maintained at 2±1°C during
the United Nations have uniformly concluded that the irradiation.
food irradiation process does not present any enhanced
toxicological, microbiological, or nutritional hazard Storage Conditions: After irradiation, the non-irradiated
beyond those brought about by conventional food and irradiated samples were stored at -20°C. The storage
processing techniques [21]. Heteropneustes fossilis duration for all samples (non-irradiated and irradiated)
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lasted 60 days and samples from each six lots were taken Sensory Analysis: The sensory assessment of irradiated
at 1, 7, 15, 30, 45 and 60 days of storage periods for pH, and non-irradiated samples for wild and cultured stinging
organoleptic and chemical analysis. catfish was investigated in terms of sensory variables

Sensory Analysis: Five experienced panelists analyzed scores came down from 8.92±0.03 to 5.88±0.03,  8.86±0.02
fish at the 1, 7, 15, 30, 45 and 60 days of storage periods to 6.43±0.04 and 8.80±0.05 to 6.94±0.04 for wild (Fig. 1) and
according to a method developed by Peryam and Piligrim 8.75±0.02 to 5.62±0.03,8.72±0.01 to 6.26±0.03and 8.67±0.03
[24] based on nine point hedonic scale in appearance, to 6.48±0.04 for cultured stinging catfish in control, 1.5
color, odor and texture. The average points of each KGy and 3 KGy, respectively (Fig. 2) after 60 days of
panelist were calculated and considered to be the storage period.
boundary line of acceptability.

Biochemical Composition: Moisture, lipid, protein and 6.08±0.05  (Control),  6.76±0.10 to  6.00±0.06  (1.5 KGy)
ash contents were determined by Association of official and  6.71±0.07  to 5.9 ±0.04 (3 KGy) for wild stinging
Analytical  Chemist   (AOAC)   official   method    [25]. catfish  (Fig. 3)   whereas   this   value  gradually
Two important minerals e.g. calcium and phosphorus decreased from 7.12±0.12  to 6.21±0.03 in control,
content were determined by AOAC method [25]. 6.92±0.07 to 6.15±0.06 in 1.5 KGy and 6.87±0.04 to

Chemical Assessment: Chemical indicators of spoilage period (Fig. 4).
i.e. Total Volatile Nitrogen (TVN) and Trimethylamin
(TMA) were investigated using AOAC official method Chemical Assessment: TVN value (mgN/100g) of wild
[25]. and cultured H. fossilis with irradiation of 1.5 and 3 KGy

Statistical Analysis: Statistical analysis was executed increased gradually from 8.68±0.09 to 34.25±0.19 mg
with the SPSS software package (verson11.5, SAS N/100g in control, 8.43±0.23 to 30.51±0.11 mg N/100g in 1.5
Institute Inc, USA). Multiple comparison was taken by KGy and 8.14±0.21 to 29.31±0.12 mg N/100g in 3 KGy
Tukey’s HSD post hoc to present the data as mean ± SEM samples for wild stinging catfish while this change for
considering the level of significance (p>0.05). cultured stinging catfish were 8.33±0.17 to 30.25±0.19 mg

RESULTS Kgy)  and  8.02±0.16 to 29.31±0.12 mg N/100g (3 KGy).

Biochemical Composition: Moisture, protein, lipid, ash, significant differences (p<0.05) were found between
calcium and phosphorus contents of wild and cultured control and each irradiated samples stored at-20°C at 6
stinging catfish are presented in Table 1. storage durations.

such as appearance, odor, color and texture. Organoleptic

pH:  The  variation  of  pH  value  were  6.80±0.05 to

6.07±0.13 in 3 KGy cultured samples throughout the

stored at-20°C are shown in Fig. 5 and 6. TVN value

N/100g (control), 8.16±0.13 to 30.51±0.11 mg N/100g (1.5

The statistical analysis of TVN data revealed that

Fig. 1: Effect of irradiation on organoleptic score during frozen storage of wild stinging catfish, H. fossilis at -20°C.

Fig. 2: Organoleptic score of cultured stinging catfish, H. fossilis irradiated at different doses during frozen storage at
-20°C.
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Table 1: Biochemical composition of stinging catfish, Heteropneustes fossilis
Variety Moisture (%) Protein (%) Lipid (%) Ash (%) Calcium (mg/100g muscle) Phosphorus (mg/100g muscle)
Wild 78.76±0.11 15.52±0.27 2.58±0.07 3.11±0.05 136.19±8.19 293.71±13.67
Cultured 74.69±0.28 18.65±0.06 3.48±0.13 3.10±0.03 151.11±5.96 314.54±9.55

Fig. 3: Effect of irradiation on pH during frozen storage of wild stinging catfish, H. fossilis at -20°C.

Fig. 4: pH of cultured stinging catfish, H. fossilis irradiated at different doses during frozen storage at -20°C.

Fig. 5: Effect of irradiation on TVN value (mgN/100g) during frozen storage of wild stinging catfish, H. fossilis at -20°C.

Fig. 6: TVN value (mgN/100g) of cultured stinging catfish, H. fossilis irradiated at different doses during frozen storage
at -20°C.

After the preservation period of 60 days, the change and 5.23±0.04 to 20.31±0.12 mg N/100g, respectively for
of TMA for wild stinging catfish (Fig. 7) were 7.04±0.13 to control,  1.5  Kgy  and 3 KGy cultured samples (Fig. 8).
26.27±0.22 mg N/100g (control), 6.62±0.22 to 24.91±0.18 mg The statistical analysis of TMA data showed that
N/100g (1.5 KGy) and 6.13±0.11 to 22.82±0.11 mg N/100g significant differences (p<0.05) were found between
(3 KGy) while this value increased steadily from 6.16±0.02 control and each irradiated samples stored at -20°C at 6
to 23.35±0.25 mg N/100g, 5.67±0.22 to 21.4±0.16 mg N/100g storage durations.
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Fig. 7: Effect of irradiation on TMA value (mgN/100g) during frozen storage of wild stinging catfish, H. fossilis at -20°C.

Fig. 8: TMA value (mgN/100g) of cultured stinging catfish, H. fossilis irradiated at different doses during frozen storage
at -20°C.

DISCUSSION inverse relation between fat and moisture content was

Biochemical Composition: The nutritional composition of the average moisture content of fish increased during
fish depends largely on the feeding habits, locality, size, freezing, whereas protein, lipid and ash reduced in fresh
age, season and made up mainly of water, protein, fat, ash, condition. In case of ash content, the value for wild and
vitamins and minerals [26]. cultured stinging catfish was very close to each other.

Alam et al. [27], Kamal et al. [28] and Mustafa [29] The composition varies with season, size, stages of
estimated  78.28-78.98, 76.06 and 77.83% of moisture; maturity,  temperature  [32]   and   deviation may  occur
16.77-17.12, 17.34 and 16.96% of protein; 2.44-2.60, 3.45 due to natural feeding habits and availability of feed,
and 2.79% of lipid and 2.18-2.40, 3.15 and 1.35% of ash fasting duration during spawning and migration [33].
content in H. fossilis. Wimalasena and Jayasuriya [30] On the other hand, phosphorous is one of the most
found 69.3% moisture, 2.3% lipid, 18.6% protein and 1.1% important content which helps in the bone formation and
ash in stinging catfish (H. fossilis). Makanjuola [26] it occurs in the form of organic compound, phosphatide,
determined 80.63% moisture, 14.60% protein, 1.38% fat phosphoprotein, nucleotides, creatin, phosphate in
and 1.54% ash in the flesh of fresh catfish samples. enzyme and coenzyme. Besides, calcium is also a very
Ahmed et al. [31] reported 70.21%, 20.20%, 1.84% and important element for the formation of bone, it is bound
1.90% of moisture, protein, lipid and ash content in fresh partly with protein and myosin [34]. Wimalasena and
kass (Hydrocynus forskalii). In this study, cultured Jayasuriya [30] determined calcium content of 650.0±8.2
stinging catfish showed greater percentage of protein in mg/g while Banu et al. [35] reported 13.76±0.02 mg/100g
terms of total body weight than that of wild one. This can edible portion in stinging catfish (H. fossilis). In case of
be interpreted by the fact that fish in hatchery usually get phosphorus content, Wimalasena and Jayasuriya [30]
enough, highly protein rich supplementary food in found 621.3±35.4 mg/g for stinging catfish (H. fossilis)
comparison to wild fish which increases the protein whereas Kamrujjaman et al. [36] determined 177.27
content as well as the fat deposition which ultimately mg/100g of phosphorus in fresh cichlid (Oreochromis
increases its fat content. As fat deposition and moisture niloticus). Udo and Arazu [37] stated that mean
have inverse relationship, greater percentage of moisture phosphorous content was 350.35 mg/100g for catfish
was observed in wild than that of cultured one. Similar (Sardina pilchard).

also recorded by Nurullah et al. [32]. They reported that
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Calcium and phosphorus content were greater for Chinese  pomfret  (P.  chinensis) stored at -20°C. Zaman
cultured stinging catfish. It can be assumed that factors et al. [39] determined initial TVN value of 13.25±0.25 and
such as physiology of the fish, its diet formulation, 10.42±0.52 mg N/100g for control and 2 KGy treated mola
digestibility and other biotic factors were in a favorable fish (A. mola) that exceeded the maximum allowable limit
condition. after 10 hours of room temperature storage. Azam et al.

Sensory Analysis: Khan et al. [38] reported that [43] determined average TVN value of  pangus
spoilage of both unirradiated samples were rapid while (Pangasius hypophthalmus) ranging from 4.25 to 46.75
stored at 0°C and consequently the sensory score was mg/100g (large size), 5.15 to 47.36 mg/100g (medium size)
2.55 and 3.00 on the 35  day of storage whereas in the and 3.35 to 47.97 mg/100g (small size) during summer andth

same storage temperature and storage period, the sensory 4.05 to 44.40 mg/100g (large size), 5.64 to 46.24 mg/100g
score were found 4.27  and  4.65  for  Pangasius sutchi (medium size) and 4.21 to 45.31 mg/100g (small size) during
and Pangasius pangasius respectively in the irradiated winter season over 18 days of iced storage. In harmony of
(1.5 KGy) samples. Ahmed et al. [20] estimated that these observations, it can be confirmed that the
sensory score went down gradually from 8.49 to 3.20 in production of TVN was retarded considerably in the
control,  8.74  to  4.00  in 3KGy, 8.74 to 5.50 in 5 KGy and irradiated samples as compared to the control samples and
9.0 to 6.5 in 8 KGy treated Chinese pomfret (Pampus increased applied dose decreased the rate of TVN
chinensis) samples. Zaman et al. [39] found initial formation during storage by reducing the initial levels of
organoleptic score to be 8.25±0.25 and 8.17±0.14 for the common spoilage bacteria.
control and gamma radiation (2 KGy) treated A. mola, Connel [44] and Huss [45] suggested the TMA value
respectively and after 10 hours of storage at room ranged from 10-15 mg N/100 g of fish muscle as the upper
temperature, the score for control and irradiated samples limit of acceptability while in case of marine fish,
were less than 4 and 3, respectively. In conformity of Yamamura [42] referred the acceptable limit of TMA is 30
these results, it can be stated that with the increase of mg N/100 g of fish. Khan et al. [38] established that TMA
storage period, the organoleptic score were rapidly values went up gradually to 10.56 and 9.23 mg N/100 g for
decreasing in the control fish than those of irradiated fish unirradiated and 6.57 and 6.29 mg N/100 g for irradiated
of different doses. Besides, the sub-tropical environment (1.5 KGy) P. sutchi and P. pangasius, respectively with
might also be the crucial reason for the presence of the storage days. Ahmed et al. [20] determined that initial
different types of bacteria in fishes might be the reason to TMA value was found to be 4.5, 3, 2.5 and 1.5 mg N/100g
spoilage as well as acceptability [2, 7]. It was also revealed gradually increased to 32.5, 7.1, 5.3 and 4.9 mg N/100g in
that the fish sample irradiated by 3 KGy retained the best 3,  5  and  8  kGy  irradiated  pomfrets (P. chinensis) after
sensory quality than other treatments. 90 days stored at -20°C. Zaman et al. [39] calculated initial

pH: In the post-mortem period, decomposition of control and radiated (2 KGy) mola fish (A. mola) and
nitrogenous compounds leads to an increase in pH in the reached to the critical limit (>15 mg N/100g) at the end of
fish flesh [40]. The increase in pH indicates the loss of storage of 10 hours at room temperature. Azam et al. [43]
quality [41]. So, it proves the fact that combined treatment calculated average TMA increased from 1.13 to 12.64
used in this study retained the quality of fish by mg/100g for large,  0.95  to  12.89  mg/100g  for  medium
decreasing pH over 60 days of frozen storage at -20°C. and 1.04 to 12.39 mg/100g for small pangus (P.

Chemical Assessment: TVN levels for wild and cultured large, 0.88 to 12.86 mg/100g for medium and 1.21 to 12.02
fish exceeded 30 mg/100g, which was suggested by mg/100g for small pangus (P. hypophthalmus) in winter
Yamamura [42] as the upper acceptable limit, on 60  day season during 18 days of iced storage. In accord of theseth

of storage at -20°C. Khan et al. [38] reported that TVN findings, it can be said that the production of TMA was
values increased with the storage days and reached to retarded considerably in the irradiated samples as
48.60 and 45.00 mg N/100 g for unirradiated and 36.60 and compared to the control samples. The effect of irradiation
35.20 mg N/100  g  for  irradiated (1.5 KGy) P. sutchi and was well effective in the rate of TMA accumulation.
P. pangasius, respectively. Ahmed et al. [20] recorded This study revealed that 3 KGy irradiated wild and
that TVN value increased to 32.5, 7.1, 5.3 and 4.9 mg N/100 cultured fish samples gave the best result. Finally, the
gat the end of 90 days from the value of 4.5, 3, 2.5 and 1.5 effect of gamma radiation during frozen storage was
mg N/100 gat the beginning for control, 3, 5 and 8 KGy significantly  effective  in  reducing TVN and TMA, which

TMA value of 9.33 ± 0.38 and 2.92 ± 0.14 mg N/100g for

hypophthalmus) in summer and 1.58 to 11.94 mg/100g for
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supports the use of gamma radiation in addition to 11. Oramadike,  C.E.,  A.O.  Ibrahim,  O.A.  Adejonwo,
refrigeration. So, this combined treatment can be applied
for long term preservation of stinging catfish and any
other catfish in Bangladesh without any significant loss
of texture and nutritive loss.
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