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Abstract

In cohort with our earlier investigation, present study attempted to evaluate the existence and survival of spoilage microorganisms in
five common sea fishes (Scomber colias, Lates calcarifer, Tenualosa ilisha, Pandalus borealis, Colossoma macropomum) available in Bangla-
desh and also optimized the doses of y-irradiations to reduce the proliferation of the bacterial pathogens. Total 75 samples of 5 categories
(n = 15) sea fishes were collected from the super shops in Dhaka city; and each sample was subjected to y-irradiation (6 kGy and 8 kGy).
Both samples (non-irradiated and irradiated) were analyzed for the existence of pathogenic bacteria though the conventional cultural
techniques and the confirmative biochemical identification procedures. Response of the microbial isolates against different drugs was
also investigated. Most of the non-irradiated samples were found to harbor a huge population of microorganisms up to 1.5 x 108 cfu/g or
cfu/mL including the fecal coliforms ranging up to 10° cfu/g or cfu/mL. Several specific bacterial species like Salmonella spp., Shigella spp.,
Staphylococcus spp., Pseudomonas spp., Vibrio spp. and Listeria spp. were noticed to be present in a titer of 107 cfu/mL or cfu/g. Moreover,
the identified isolates were found to be resistant against single or multiple antibiotics tested. Thus, the incidence of coliforms and other
harmful bacteria together with their drug-resistance traits may be considered as a serious threatening to the public health upon consump-
tion of such fishes. When subjected to y-irradiation, the propagation rate of pathogens was reduced up to 4 logs with the irradiation dose

of 6 kGy; however, 100% reduction was observed when 8 kGy was applied.
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Introduction

Fish is one of the leading aquatic organisms serving as the major food component of human and other animals around the world [1,2].
Fisheries sector plays a significant role in food security, economical growth and poverty alleviation in Bangladesh as it contributes around
60% of the total national demand for animal protein [3-5] and also contributes the global export market as well [5,6]. However, due to its
highly perishable nature, every year a huge amount of fish is spoiled in Bangladesh which in turn pose a great threat to the export market
[5-8]. Previous studies together with the local researches showed that fish and fish products are highly susceptible to varying types of
pathogenic and potentially pathogenic microorganisms including Vibrio cholerae, Shigella spp., Listeria monocytogenes, Clostridium botuli-
num, Salmonella spp., Campylobacter, Staphylococcus aureus, etc. [4,8,9]. Moreover, this is to be noted that sea fishes are highly susceptible

to surface or tissue contamination by microorganisms originating from their marine environment [4,6,10].
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A number of reports has been published on the sea fishes which were contaminated with pathogenic bacteria during harvesting,
transportation, storage and also due to the poor establishment of the good manufacturing practices (GMPs) [6,11,12]. Therefore, the food
borne disease outbreaks may occur due to the consumption of microbiologically spoiled fish and the consumer acceptability may largely
be affected for the off-odor and off-taste of the products by rancidity [13-15]. Furthermore, the extensive and widespread use of antibi-
otics in agriculture sectors as well as in aquaculture systems may act as a potential source of antibiotic resistant bacteria in fish sample
[5,16-18].

In order to minimize the microbial contamination within fishes, several techniques are traditionally used for the preservation of fish
among the developing countries including in Bangladesh such as cold storage, rapid chilling, freezing, smoking, heating, organic acids,
antimicrobials, antioxidants edible coating and modified atmosphere packaging etc [4,19-22]. Besides conventional techniques of fish
preservation, ionizing radiation has long been known as a cost and energy effective procedure to extend the shelf life of fish and fishery
products; however, the implication of the irradiation technology to reduce microbial count within fish is still scarce in Bangladesh [23-
27]. World Health Organization (WHO) and Food and Agricultural Organization (FAO) approved that irradiation doses up to 10 kGy could
be used for decontamination of food without any significant nutritional problem [23,24]. Hence considering the popularity of fish as the
foodstuff, nutritional importance of fish, and above all as a major export item of Bangladesh, it is necessary to maintain the microbiologi-
cal quality of the sea fish as well as to establish the preventive mechanism which can eliminate the microbial growth and ensure the public
health safety.

Our earlier research on irradiating fish samples (Pseudapocryptes elongatus, Scomberomorus cavalla, Xenentodon cancila and Oto-
lithoides pama) applying a dose of 3 kGy to achieve microbiological quality demonstrated an average reduction of microorganisms by
3-log [25]. To achieve the total reduction of microorganisms among the fishes, present study was further designed not only to detect the
microbial prevalence and drug resistant pathogens but also to establish the efficacy of ionizing radiation (y -irradiation) of varying doses

(6 kGy and 8 kGy) for the commercial supply of popular fishes free of microbial contamination.

Material and Methods
Study area and sampling

Total 75 samples of 5 categories fishes were studies. Fifteen (15) samples of Scomber Colias (chub mackerel), 15 Lates calcarifer (Ko-
ral), 15 Tenualosa Ilisha (hilsha), 15 Pandalus Borealis (shrimp), 15 Colossoma macropomum (rupchanda) were collected from different
supper shop in Dhaka city within a time frame of January, 2017 to April, 2017. All the samples were collected aseptically and transported
immediately to the laboratory by using sterile polyethylene bags with ice [3,4,25].

Sample processing, irradiation and microbiological analysis

The appropriate length and weight of the each fish sample were measured and cut into 3 pieces and then the samples were washed out
with distilled water. Each piece of samples were put in separate sterile polythene packets (irradiation by at 15 kGy), and sealed properly
[25]. Two pieces of the samples were irradiated separately at 6 kGy and 8 kGy using 60 cobalt radiation source (provided by Board of
Radiation and Isotope Technology, India) for 20 minutes, and the remaining half (i.e,, non-irradiated) were subjected to pathogenic study
[25]. Then the packets of both fresh (non-irradiated) and irradiated samples were washed with peptone buffer water and each piece of
both irradiated fish was homogenized with normal saline [25]. The packet washed water and the fish blend samples were then serially
diluted up to 10 for microbiological analysis [4]. As described earlier [25], according to the information provided by the Institute of Food
and Radiation Biology (IFRB), Bangladesh Atomic Energy Comission (BAEC), Dhaka, Bangladesh, current study implemented gamma ir-

radiation on different sea fish samples (Supplement 1).
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Estimation of total viable bacteria (TVB), total fecal coliform (TFC), staphylococcal and fungi

In order to detect the presence (as well as the quantification) of the total viable bacteria (TVB), total fecal coliform (TFC), Fungal count
and Staphylococcus aureus, 0.1 ml of suspension from each dilution of the samples was spread out onto Nutrient agar, Membrane Fecal
Coliform (mFC) agar, Sabouraud Dextrose Agar (SDA) and Manitol Salt Agar (MSA) plates, consecutively [3,29]. For TVB and Staphylococ-
cal assay, plates were incubated at 37°C for 24 hours while for estimating the fecal coliforms, plates were incubated at 44.5°C for 24 hours.

The SDA plates were incubated at 25°C for 48 hours for the determination of fungal count.

Detecting the presence of Salmonella spp., Shigella spp., Vibrio spp. Pseudomonas spp and Listeria spp.

Since Salmonella spp., Shigella spp., Vibrio spp. Pseudomonas spp and Listeria spp. may survive in the natural environment (for exam-
ple, within the fish samples tested) but their presence can be often misguided by their viable but nonculturable (VBNC) state and thereby
imparting false negative results in vitro [30-32]. The fish samples were further subjected to enrichment for the isolation and identification
of such VBNC bacteria [33-35]. One ml of each samples were added to selenite cystein broth (SCB) and alkaline peptone water (APW) and
incubated at 372C for 6 hours, and then 0.1 ml of suspension was spread onto Salmonella Shigella (SS) agar and Thiosulphate Citrate Bile
Salt Sucrose (TCBS) agar media, for the assay of Salmonella spp., Shigella spp., and Vibrio spp., consecutively. For the isolation of Listeria
spp. and Pseudomonas spp., 0.1 ml of suspension was spread onto Listeria identification media and Cetrimide agar respectively. Then the
plates were incubated at 37°C for 24 hours. Finally, the confirmation of all the isolates was examined by the standard biochemical tests
[25,29,31].

Statistical analysis

All the experiments were performed in three times. Statistical analyses were performed by determining the p-value through t test.

Errors were also calculated [25,36].

Determination of antimicrobial susceptibility

The pathogenic isolates were examined for antibiotic susceptibility traits (either drug resistant or sensitive) by disc diffusion assay on
Mueller-Hinton agar (Difco, Detroit, MI) against commonly used 12 antibiotics following the standard protocol [37-40]. Antibiotics used
in the study included Ampicillin (AMP 10 pg), Tetracycline (TER 30 pg), Imipenem (10 pg), Azithromycin (AZI 15 pg), Penicillin (PEN 10
pg), Gentamicin (GEN 10 pg), Streptomycin (STP 10pg), Erythromycin (15 pg), Ciprofloxacin (CIP 5 pg), Ceftriaxone (CEF 30 pg), Cefixime
(CFX 5 pg) and Chloramphenicol (CHL 10 pg).

Results and Discussion

Contamination of sea fish by bacteria and fungi is not unlikely posing a fatal impact on the global food safety as well as on the public
health. One of our previous studies showed the presence of a bulk amount of microorganisms within sea fish samples of which most were
also noticed to be drug-resistant [4]. In order to minimize these microbial populations, a simulation experiment employing £-irradiation
technology was lunched thereafter [25]. Fortunately, the pathogenic load was found to be significantly declined upon a dose of 3 kGy as
stated earlier [25]. The current study, even apparently appearing as an increment of the previous work, the novelty actually underlies the
100% reduction of microorganisms within the irradiated fish samples subjected to dose of 8 kGy. Thus, the present work goes much to
deal with the regulation of food safety; and also may aid to the understanding of food protection by the appropriate identification of fish

contamination microorganisms as well as their eradication.

Prevalence of pathogenic microorganisms before y-irradiation

All the 5 categories of 75 sea fish unveiled the existence of bacterial pathogens including fecal coliforms, Salmonella spp., Shigella spp.,
Staphylococcus spp., Pseudomonas spp., Vibrio spp. and Listeria spp. (Table 1). The total viable bacteria was found up to 10® cfu/ml or
cfu/g and the fungal growth peaked up to 107 cfu/ml or cfu/g. in both packet washed water and within the fish blend for 5 categories of
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sea fishes. It was noticed that the microbial contamination was higher in the fish washed water than those in the fish blends in all samples

(Figure 1).
Isolates TSI H,S Indole | MR | VP | Citrate | Motility | Oxidase
Slant | Butt | Gas | reaction | test | test | test Test test
Salmonella spp. R Y - + - + - - +
Shigella spp. R Y - - +/- + - - -
Vibrio spp. Y Y - - + + - ¥ +
Staphylococcus spp. Y R + + - + - + +
Listeria spp. Y Y - - - + + - +
Pseudomonas spp. R R - - - - - + +

The experiments were conducted three times independently, and the results were found to be reproducible.

Table 1: Biochemical identification of the pathogenic isolates from sea fish.

One representative data has been shown.

Tsi: Triple Sugar Iron Test; y; Yellow (Acid); r: Red (alkaline); mr: Methyl Red; vp: Voges-Proskauer.
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Figure 1: Effect of y -irradiation on the reduction of microbial pathogenic load. [A-B] for Chub mackerel, [C-D] for Koral, [E-F]
for Hilsha, [G-H] for Shrimp and [I-]] for Red Rupchanda fish samples. A, C, E, G and I: packet washed water samples; B, D, E H
and J: fish blend samples. Brief description of different irradiation doses and the pathogenic profile were stated in Materials
and Methods. White bars and light back are pinpointing the irradiated samples (6kGy and 8kGy) respectively while black bars
denote the non-irradiated samples.
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Descriptively, in case of Scomber colias, the fecal count was around 10° cfu/mL together with the prevalence of Shigella spp. up to 10°
cfu/mL, Vibrio spp. up to 10°cfu/ml, Staphylococcus spp. up to 107 cfu/mL, Pseudomonas spp. up to 10° cfu/mL and Listeria spp. up to 10°
cfu/mL. Staphylococcus spp. was found to be abundant (Figure 1A). Conversely, the fish blend part harbored less microorganisms than the
packet washed water (Figure 1A) as the fecal contamination was noticed 10° up to cfu/mL or cfu/g and others pathogens were also found
to be in less quantity than those in the packet washed waters (Figure 1B). In Lates calcarifer samples, the packet washed water and fish
blend samples were totally free from Shigella spp. (Figure 1C and 1D). In both cases (packet washed water and fish blend) the total viable
bacteria was found up to 108and 107 cfu/mL or cfu/g, fecaly contamination was 10° and 10*cfu/mL or cfu/g while fungal contamination
was 10°and 10°cfu/mL or cfu/g, respectively. However, the Staphylococcal contamination as well as Listeria spp. was found to be in higher
quantity in fish blend (10° cfu/mL or cfu/g) than the packet washed water (10° cfu/mL) (Figure 1C and 1D).

In Tenualosa ilisha (hilsha), the total viable bacteria and fungi were found in both packet washed water and fish blend within the range
of 107 to 10° cfu/mL or cfu/g and 107 to 10° cfu/mL or cfu/g respectively (Figure 1E and 1F). In Pandalus borealis samples, all were found
to be free from the contamination of Listeria spp. (Figure 1G and 1H). However, Salmonella spp., Shigella spp., Staphylococcus spp., Pseudo-
monas spp. and Vibrio spp. were detected within the range of 10® to 10° cfu/mL or cfu/g in case of packet washed water and 10* to 10°cfu/
mL or cfu/g in the fish blend, respectively (Figure 1G and 1H). In Colossoma macropomum samples were found to be free of contamination
by Vibrio spp. (Figure 11 and 1]). However, other microorganisms were present; and like the other samples, the packed washed waters
harbored more pathogens than those within the fish blends (Figure 11 and 1J).

Our previous studies revealed that several food born and enteric diseases may be triggered by the huge propagation of resistant bacte-
ria in fish, food and water [3,4,25,36]. Besides, earlier we found a lot of drug-resistant bacteria i.e., E. coli, Salmonella spp., Staphylococcus
spp. and Pseudomonas spp. within the sea fish samples [4,25]. In the current research using different sea fish samples, Listeria spp. has
been detected as a fish contaminating agent. The possible sources of such contamination may arise from the beginning of fish after caught,
when the sellers use ice for the preservation of fishes. In most of the time the ice is prepared by using contaminated waters. As has been
noticed earlier, in the local markets varieties of fishes are kept together and the sellers do not maintain proper aseptic techniques which
may creates the possibilities to come in contact of several pathogenic bacteria [8]. Therefore, proper legislative bodies need to be formed

with the possible guidelines on aseptic handling and storage of fish for the sake of the consumer safety.

Existence of drug-resistant pathogens in fish samples

As discussed in previous studies the drug resistance trait of pathogens proliferated in fish and fish product may trigger serious dilem-
ma in disease medication [4,25,39]. In Bangladesh and in other developing countries, the problem of drug-resistant bacterial proliferation
not only within the clinical case but also within food samples including fish is very common which in turn evoke fatality in the mass public
health [4,41-44]. Like other food samples, our previous works on sea fish samples revealed the presence of a significant proportion of
drug-resistant bacteria [4,25]. In the current study where different sea fishes were microbiologically analyzed, samples were also found
to be harbor huge array of resistant strains like Listeria spp. showed 100% resistance against AMP, CIP, STE, PEN, TER, CHL and 100%
sensitive against CEF, IPM, GEN, AZI, CFX, ERY (Table 2). Vibrio spp. exhibited 100% resistance against AMP, STE, PEN, TER and 100%
sensitive against CIP, CEF, IPM, GEN, AZI, CFX, ERY, CHL. Staphylococcus spp. exhibited 100% resistance against AMP, CIP, STE, PEN, TER
and 100% sensitive against AMP, CEE, IPM, GEN, AZI, CFX, ERY, CHL. Salmonella spp. was found 100% resistance against AMP, CIP, STE, CEF,
PEN and 100% sensitive against IPM, GEN, AZI, TER, CFX, ERY, CHL. Pseudomonas spp. showed 100% resistance against AMP, CIP, STE, CEF,
IPM, PEN, GEN, AZI, TER and 100% sensitive against ERY, CHL. Shigella spp. was found to be resistant against AMP, CIP, STE, PEN, TER and
100% sensitive against CEF, IPM, GEN, AZI, CFX, ERY, CHL (Table 2). Detection of Drug resistant bacteria from such export quality sea fish

may also becoming more risky for the global public health as well as a dreadful indication for the local economy [25,45-47].
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Before Irradiation
Isolates Listeria spp. Vibrio spp. Staphylococ- Salmonella Pseudomonas Shigella spp.
n=4 n=4 cusspp.n=5 spp.n=4 spp.n=5 n=3
Antibiotics
R S R S R S R S R S R S

AMP (10 png) | 100% 0% 100% 0% 100% | 100% | 100% 0% 100% 0% 100% 0%

CIP (5 ng) 100% 0% 0% 100% | 100% 0% 100% 0% 100% | 0% | 100% | 0%
STE (10 pug) | 100% 0% 100% 0% 100% 0% 100% 0% 100% 0% 100% 0%
CEF (30 pg) 0% 100% | 0% 100% 0% 100% | 100% 0% 100% | 0% 0% | 100%
IPM (30 pug) 0% 100% | 0% 100% 0% 100% 0% 100% | 100% | 0% 0% | 100%
PEN (10 pg) | 100% 0% | 100% 0% 100% 0% 100% 0% 100% | 0% | 100% | 0%
GEN (10 pg) 0% 100% | 0% 100% 0% 100% 0% 100% | 100% | 0% 0% | 100%
AZI (15 pg) 0% 100% | 0% 100% | 0% 100% 0% 100% | 100% | 0% 0% | 100%
TER (30 ug) | 100% | 0% | 100% | 0% | 100% | 0% 0% | 100% | 100% | 0% | 100% | 0%

CFX (5 ug) 0% 100% | 0% 100% | 0% 100% 0% 100% 0% 0% 0% | 100%
ERY (15 pg) 0% 100% | 0% 100% | 0% 100% 0% 100% 0% 100% | 0% | 100%
CHL (10 pg) | 100% 0% 0% 100% | 0% 100% 0% 100% 0% 100% | 0% | 100%

Table 2: Antibacterial susceptibility pattern of different pathogenic isolates found in sea fish samples.
AMP: Ampicillin; CIP: Ciprofloxacin; STE: Streptomycin; CEF: Ceftriaxone; IPM: Imipenem; PEN: Penicillin; GEN: Gentamicin;
AZI: Azithromycin; TER: Tetracycline; CFX: Cefixime; ERY: Erythromycin; CHL: Chloramphenicol; N: Number of Isolates; R: Resistant; S:

Sensitive.

Effect of y -irradiation (6 kGy and 8 kGy) on the reduction of pathogenic bacteria

Our earlier microbiological survey on Pampus chinensis and Scomberomorus guttatus revealed the efficacy of y-irradiation in microbial
reduction [4]. Indeed, to enhance the food shelf life and maintaining the proper nutritive value, implementation of the y -irradiation is
significantly effective to reduce the proliferation of bacterial population among the all others methods available [4,25]. As a consequence,
present study further extended the arena of investigation by increasing sea fish samples and the radiation doses, and thus attempted to
figure out the bactericidal dose of irradiation. As revealed from the current study, after irradiation, the pathogenic load significantly de-
creased more than 4 log at 6 kGy and interestingly the growth of most pathogens were totally shattered at 8 kGy (Figure 1). In Scomber
colias, the total viable bacterial load, fecal coliform and fungi from packed washed water were significantly reduced to 4 logs at 6 kGy
while the load became absolutely zero at 8 kGy except for the total viable bacteria, fungi and Staphylococcus spp. which were noticed to be
reduced up to 6 logs from the before irradiation (Figure 1A and 1B). In Lates calcarifer samples, in case of both categories (packet washed
water and fish blend), the load of all microorganisms including the total viable bacteria, fecal coliform and fungi were found to be reduced
within the range of 2 to 4 logs at 6 kGy (Figure 1C and 1D). Certainly, the dose of 8kGy was found to be effective to for a complete reduction
all specific pathogens (Figure 1C and 1D). In Tenualosa ilisha samples, the reduction rate was calculated for packed washed water up to
4 logs at 6 kGy, and 100% reduction was noticed at 8 kGy except total viable bacteria which was reduced by 5 logs compared to the non-
irradiated samples (Figure 1E and 1F). Afterward, in case of fish blend the microbial load was found to be reduced up to 3 logs at 6 kGy and
was 100% reduced at 8 kGy (Figure 1E and 1F). In Pandalus borealis samples, the reduction rate was calculated for packed washed water
up to 3 logs at 6 kGy while 100% reduction in the specific pathogens was noticed at 8 kGy except total viable bacteria which was actually
reduced by 6 logs and Staphylococcus spp. was reduced by 4 logs (Figure 1G and 1H). In case of fish blend the load was found to be reduced
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up 4 logs at 6 kGy and was 100% reduced at 8 kGy (Figure 1G and 1H). However, the growth of Salmonella spp. and Vibrio spp. was found
to be completely diminished by both doses (6 kGy and 8 kGy). In Colossoma macropomum samples, the reduction rate was calculated up to
5 logs in both cases (packed washed water and fish blend) at 6 kGy and 100% reduction was noticed at 8 kGy. The count was found to be
totally reduced for Salmonella spp., Shigella spp. and Listeria spp. at 6 kGy and 8kGy in both cases (Figure 11 and 1J).

One point needs to pondered that after irradiation at both 6 kGy and 8 kGy doses, the existence of total viable bacteria, fungi and
Staphylococcus spp. was noticed in fewer amounts (Figure 1A-1J). Several research have been approved that among the many conven-
tional techniques, irradiation up to 10 kGy may be more effective and economical against the pathogens which has no harmful effects
on consumers health [23]. However, present evaluation successfully provided the experimental evidence that the 8 kGy was effectively
reduced the 100% growth of maximum pathogenic bacteria in sea fish samples which would be helpful for the retailer to ensure the good

quality and long term sustainability of fish and fish products for the consumers.

Finally, in addition to the irradiation technology to minimize the microbial contamination frequency of sea fish, it's necessary to pro-
vide a hygienic environment for fish handling and processing to keep the fishes initially up to the quality both for local consumption and
for export purpose. In order to achieve this, research on fish microbiology must concentrate towards the fish habitats which may be influ-
enced by several environmental factors including air and water pollution which in turn negatively influences on healthy growth of the fish
habitat. Polluted air consists of harmful gases; i.e., carbon dioxide, methane, etc. which inhibits respiration of fishes. Production of excess
amount of toxic oxygen (super radicals, ions, etc.) triggered by the pollution of water causes the death of fishes. Moreover, animal feces
containing high amount of toxic nitrogenous compounds may also hamper the health and quality of fishes (Figure 2A). Another aspect
of maintaining the fish quality underlies the stages of fish processing, storage and supply within the fisheries industries. Fishes may be
contaminated by microorganisms or lose their quality by the fisherman, or by the handler during slaughtering and initial processing and
storage. To obtain the best qualified and healthy fish, appropriate rules and regulations should be coordinated by the good manufacturing
practices (GMP) and should strictly adhere to the hazard analysis and critical control point (HACCP). Both GMP and HACCP should be im-
plemented by the appropriate authority and personnel during processing, packaging, storage and distribution (Figure 2B). As can be seen
from our earlier researches on fish borne microorganisms, another aspect of microbiological infectivity of fish habitat can be triggered by
several factors like environment, air, animal feces and waste waters [36,48] which in turn may hinder the normal and healthy growth of
sea fish (Figure 2). Therefore, appropriate and continuous mode of remedies to get rid of microbial contamination of fishes urges mostly

to maintain healthy food supply for mass people. This will definitely reduce the chances of microbial dissemination within fishes.

Figure 2: Schema of fish habitat and fish processing. [A] Within the fish habitat several environmental factors such as air pol-
lution (carbon dioxide, methane, etc.), water pollution (increase in the concentration of super radicals, ions, etc.), animal feces
may affect the growth and quality of sea fish by decreasing the level of dissolved oxygen. [B] Processing of sea fish in fisheries
industries (slaughtering, handling, storage, distribution, etc.) should be well regulated by good manufacturing practices (GMP)
and the hazard analysis and critical control point (HACCP).
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Conclusion

An array of experimental and suggestive data unraveled the fact that different foods including sea fishes may serve are the good reservoir
of microbial agents, sometimes the pathogenic activity of those microorganisms may responsible for food borne disease outbreaks. The
virulence genes of these pathogens may create not only infection of the fish but also become fatal for the consumers. While in Bangladesh
the genetic analysis of the export quality shrimp has been performed by our group; however, still the other sea fishes need to be analyzed
for the possible expression of the virulent genes. Apart from molecular study, the present research successfully (1) portrayed the patho-
genic profile of popular and export quality sea fishes of Bangladesh, (2) figured out the drug-resistance trait of the isolated pathogens
which in turn may help the clinical professionals to further work on these isolates to know the molecular mechanism of the drug-resis-
tance gene transmission; and (3) finally the study clearly demonstrated the irradiation dose possessing the bactericidal and fungicidal
activity within the fish samples tested. The efficacy of the radiation dose 6 kGy and 8 kGy on microbial reduction is expected to improve

the shelf-life as well as the public health of the consumers. Such findings may also help to meet the high export demand of our sea fishes.
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