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ARTICLE INFO ABSTRACT

Avrticle History: The present study aimed to evaluate the bacterial quantity and quality of
Received: Sept. 23, 2024  traditionally processed fishery products in Bangladesh, which are popular food
Accepted: Nov. 12, 2024 items and an important source of animal protein. These products included dried
Online: Dec. 19, 2024 bombay duck (Herpadon nehereus), dried ribbon fish (Trichiuris haumela), dried
small shrimp (Metapenaeus sp.), salted hilsha (Tenualosa ilisha), and semi-

fermented chepa (Puntius sophore) from vendors at the Chowrasta fish market in

K_eywords: . the Gazipur district. The study focused on determining the total plate count
Citrobacter freundii, . .

Leclercia (TPC) of bacteria, r_nmsture _coptent, and the presence or absence of Salmonella
adecarboxvlata and other pathogenic bacteria in these products. The TPCs ranged from 4.74 +
Pseudomozas ' 3.74 10 5.08 = 4.27 Log10 CFU/g, with the highest value found in dried bombay
aeruginosa duck and the lowest in salted hilsha. The TPC for all five products was within the

acceptable food safety limits, and Salmonella was not detected in any of the
processed products. However, the products contained other pathogenic bacteria,
including Citrobacter freundii and Leclercia adecarboxylata in the bombay
duck, Pseudomonas aeruginosa in hilsha, Providencia stuartii in shrimp,
Enterobacter cloacae in chepa, and Klebsiella pneumoniae in the ribbon fish.
This study is the first to report the presence of Leclercia adecarboxylata and
Citrobacter freundii in the dried bombay duck and Pseudomonas aeruginosa in
salted hilsha. Although the TPCs were within acceptable limits, indicating that
the products were microbiologically safe in terms of total bacterial load, while
the presence of pathogenic bacteria means they could still pose a risk to human
health. Therefore, while the TPC did not exceed safety thresholds, the products
were not entirely safe for consumption due to the presence of harmful pathogens.
The results suggest that future studies on food safety should not solely rely on
TPC as a marker for safety but should also consider the presence of specific
pathogenic bacteria. In conclusion, while these traditionally processed fishery
products appeared to be safe based on their TPC, the presence of pathogenic
bacteria highlights a need for more comprehensive food safety assessments to
ensure consumer health.

INTRODUCTION

Providencia stuartii,
Enterobacter cloacae,
Klebsiella pneumonia

Fish is very perishable and quickly loses freshness due to autolysis, microbial
attack and lipid rancidity (Dehghani et al., 2018; Rasul et al., 2022a). In a tropical
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country like Bangladesh, fish spoilage is accelerated by hot weather. Due to inadequate
facilities, some fishes are processed by traditional processing method such as drying,
salting, and fermentation (Adeyeye et al., 2015). Processing techniques are applied to
maintain quality and increase shelf life (Rasul et al., 2022b). Due to the storage facility
limitations during peak harvest season, traditionally processed fishery products not
requiring cold storage are produced. Dried fish are processed from October to March,
salted products (e.g. salted hilsha) are processed during the monsoon season, and semi-
fermented fishery products (e.g. Chepa shutki) are processed during the winter season
(Nowsad, 2007). Although Bangladeshi people enjoy different traditionally processed
fish products, quality and food safety of those traditionally processed fish product is a
significant consideration.

Some bacteria are natural microflora in fish and aquatic environments, and some
bacteria are present in fish due to cross-contamination during handling. In the United
States, Australia, New Zealand and Hong Kong, the legal limit of Salmonella, Listeria
monocytogenes, and Vibrio cholerae is zero in 25g of raw or cooked fish (Norhana et al.,
2010). In the EU, the second major cause of food-borne disease is Salmonella (European
Food Safety Authority, 2011). Salmonella is responsible for salmonellosis disease (Ray
& Bhunia, 2007). In 2022, shrimp from Bangladesh imported to the US were rejected
due to Salmonella spp. (FDA, 2022).

For exported shrimp, processors of Bangladesh are very conscious about the
presence of Salmonella, but the status of Salmonella in traditionally processed fish
products for domestic consumption is often ignored. A few studies have looked at
microbial quantity and nutritional quality of traditional fishery products in Bangladesh
with mixed results when it comes to food safety. Other pathogenic bacteria can be present
in the processed fishery products in retail market such as Staphylococcus aureus, S.
epidermidis, Bacillus cereus, B. subtilis, B. megaterium, Micrococcus luteu, Klebsiella
sp., and Pseudomonas sp. (Sultana et al., 2010; Nur et al., 2020).

While nutrient composition and bacterial quantity of some traditionally processed
fish products were studied (Nayeem et al., 2010; Sultana et al., 2010; Majumdar et al.,
2017; Nahar et al., 2017), Salmonella and pathogenic bacteria presence in traditionally
processed fish products has rarely been studied in Bangladesh (Majumdar & Rashid,
2017; Rasul et al., 2020). Additionally, most previous studies collected samples from the
processors and not from the retail markets, which could also be a source of bacterial
contamination. When it comes to consumer safety, the final product a consumer
purchases needs to be safe. Traditionally processed fishery products can be a major
carrier of Salmonella and other pathogenic bacteria as they can be introduced by
contaminated water and unhygienic handling (Sant'Ana, 2012). Therefore, the goal of
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this research was to investigate the microbial quantity, moisture content and status of
other pathogenic bacteria in some traditionally processed fishery products (dried bombay
duck, dried ribbon fish, salted hilsha, small shrimp and chepa shutki) from fish markets in
Gazipur, Bangladesh.

MATERIALS AND METHODS

1. Sources of traditionally fishery products

Traditionally processed fishery products including 3000g dried bombay duck
(Herpadon nehereus), 3000 g dried ribbon fish (Trichuris haumela), 500g dried shrimp
(Metapenaeus spp.), 500g semi fermented chepa (Puntius spp.), and 3000g salted hilsha
(Tenualosa ilisha) were collected from two fish markets of the Gazipur district between
December 2018 and May 2019. All samples were collected in sterile plastic bags and
stored at 4°C. For all products except salted hilsha, 10 samples (each sample contained
100g) were taken at random. For salted hilsha, 10 samples (each sample was 250-450g
wt.) were taken. All samples were run in triplicate. Experiments were performed at the
Department of Fisheries Technology Lab, Bangabandhu Sheikh Mujibur Rahman
Agricultural University (BSMRAU), Gazipur, Bangladesh.

2. Determination of moisture

The moisture content was determined by AOAC (1990) method. In the study,
approximately 5g of each fishery product sample was ground homogeneously and placed
in a weighed aluminum plate. The plate was then weighed using an electric balance
(AL54 analytical balance, Mettler Toledo). The sample was dried in a hot air oven (US:
Isotemp oven, Fisher Scientific; BD: Precision™, Thermo Fisher Scientific) at 105°C for
24 hours, ensuring that the weight remained consistent. After drying, the plates were
placed in a desiccator to cool before taking the final weight of the shrimp.The moisture
content of each sample was then calculated using the formula: Moisture (%) = ((Weight
of sample — Weight of dried sample) / Weight of sample) x 100. This process was
repeated for three replicates for each sample, and the average moisture content was
calculated.

3. Determination of total plate count of bacteria

The aerobic mesophilic bacterial load was estimated using the method described
in Bacteriological Analytical Manual (BAM) (Maturin & Peeler, 2001). Countable
plates showing 25 to 250 colonies were selected and counted. Plates with bacterial
colonies less than 25 were not standard and more than 250 value were regarded as TNTC
(to numerical to count).
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4. Determination of Salmonella

Salmonella testing followed the standard bacteriological analytical manual
(Andrews et al., 2000). Aseptically, a 25g sample was placed in a sterile bottle, and
225ml of lactose broth was added and mixed by shaking for 60s. The sample was
homogenized using a sterile mortar and pestle. The homogenized mixture was aseptically
transferred to sterile, wide-mouth laboratory bottle (500ml) and kept for 60min at room
temperature. The sample solutions were thoroughly mixed by swirling, and the pH of the
solutions was measured using a pH meter. The pH was then adjusted to 6.8 + 0.2. After
pH adjustment, the bottles containing the samples were placed in an incubator and
incubated for 24 + 2 hours at 35°C. Following the incubation period, 0.1mL of the
mixture from each sample was added to 10mL of Rappaport-Vassiliadis (RV) medium
and vortexed. The RV medium was then incubated in a water bath at 42 £ 0.2°C for
another 24 + 2 hours. After incubation, the RV medium was vortexed again, and a 3mm
loopful of RV broth was streaked onto xylose lysine desoxycholate (XLD) agar (Sigma).
The XLD petri dishes were then incubated for 24 hours at 35°C. After the incubation, the
petri dishes were examined for the presence of Salmonella colonies, indicating whether
Salmonella was present in the samples.

5. Determination of other pathogenic bacteria

Serially diluted 100pL of the diluted (103 to 10~") samples were spread on plate
count agar (Himedia, India) and incubated at 37°C for 24h. The isolates were
systematically sub-cultured on nutrient agar, and stock cultures were maintained in NB
(Nutrient Broth) supplemented with 10% glycerol and were stored in a freezer at -80°C
before molecular identification.

6. Molecular identification of bacteria

Molecular identification followed five steps: isolation of genomic DNA, DNA
quality measurement by gel electrophoresis, amplification by PCR, purification of PCR
sample and finally DNA sequencing of isolated bacteria (Hannan et al., 2019).
Susceptive bacterial colonies were taken from pure culture stock, inoculated into a
nutrient broth (Liofilchem), and incubated in a shaker incubator (120rpm) at 28°C for 24-
48 hours. After incubation, bacterial colonies were used for genomic DNA extraction.
GeneJET Genomic DNA purification kit # KO0721 (Thermo scientific) protocol was used
for genomic DNA extraction. Electrophoresis was used to check the DNA quality by
comparing it with the 1 Kb plus DNA ladder marker (Thermo Fisher Scientific, USA),
and the DNA band was observed under the UV light (UVDI, Major Science).

The polymerase chain reaction (PCR) with universal primer sets was used for
amplification (forward primer 8F, 5’-AGAGTTTGATCCTGGCTCAG-3’ and reverse
primer 1492R, 5’-AGGAGGTGATCCAACCGCA-3’ (Thermo Fisher Scientific, USA)).
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The PCR thermocycler (2720 thermal cycler, Applied Biosystems) was used for
amplification. The thermal profile for PCR included an initial denaturation at 94°C for 5
minutes, followed by 35 cycles of denaturation at 94°C for 1 minute, annealing at 57°C
for 40 seconds, and extension at 72°C for 1 minute, with a final extension at 72°C for 10
minutes, and the PCR products were visualized using agarose gel electrophoresis and a
gel documentation system under UV light.

The PCR product was purified using a commercial PCR purification kit (Thermo
Scientific GeneJET PCR Purification Kit #K0701), and the purified PCR product was
stored at -20 °C for further use. The purified PCR products with sequencing primer were
sent to the National Institute of Biotechnology, Savar, Dhaka, to sequence the 16S rRNA
gene. After getting sequencing results, they were searched using BLAST (Basic Local
Alignment Search Tool) at the National Center for Biotechnology Information website
(NCBI, http://www.ncbi.nlm.nih.gov/).

7. Data analysis

A Kruskal-Wallis test was used to test for significant differences for each moisture
content and total plate count among different species (R version 4.111). A Tukey’s HSD
test was performed for indicating significance at P<0.05. All results were reported as
mean = SD of triplicate measurements.

RESULTS AND DISCUSSION

1. Moisture content
1.1. Dried fish (bombay duck, ribbon fish and shrimp)

The dried bombay duck had a moisture content of 27.07 £ 0.77% (ranging from
26.07% to 27.99%), dried ribbon fish had a moisture content of 34.13 + 0.87% (ranging
from 32.82% to 35.19%), and dried shrimp had a moisture content of 20.35 + 0.74%
(ranging from 19.08% to 21.41%) (Table 1) (Fig. 1). The moisture content of small
shrimp was closest to the recommended food safety range of less than 15-16% (Nowsad,
2007), while the moisture content in bombay duck and ribbon fish exceeded this
recommended rate. Previous studies found that sun-dried fish typically contains 10 to
20% moisture (Haque, 2004), with dried bombay duck containing 15.25% moisture
(Haque et al., 2013). Azam et al. (2003) found a moisture content of 21.26% in dried
bombay duck, which is still lower than the values observed in the present study.
Additionally, other research indicated that the moisture content of dried ribbon fish
ranged from 14.06% to 24.90% (Azam et al., 2003; Flowra et al., 2012; Imtiaz et al.,
2017), much lower than the 34.13% moisture content found in our ribbon fish samples.
The relatively higher moisture content in our dried shrimp (20.35%) is likely due to the
higher demand for fresh shrimp in Bangladesh, leading to less attention on dried shrimp
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products. Most of the microbiological and enzymatic activities are slowed down
or stopped when the moisture content is less than 15-16% in the final product (Nowsad,
2007). The high moisture content indicates that there is a high risk of the growth of
microorganisms due to improper drying or storage (Akter et al., 2018).

Table 1. Moisture content and total plate count (TPC)

Sample Name Moisture (%) TPC (Logl10Cfu/g)
Dried bombay duck (Herpodon 27.07 £ 0.77 5.08 + 4.27
neherus)
Dried ribbonfish (Trichiuris 34.13+0.87 4.90 + 0.07
haumela)

Dried shrimp (Metapenaeus spp.) 20.36 £ 0.74 495+ 3.81
Salted hilsha (Tenualosa ilisha) 21.07£0.73 474 £3.74
Semi-fermented chepa (Puntius 41.26 +0.82 5.07£4.20

sophore)

3.1.2. Salted hilsha

Moisture content of salted hilsha was 21.07 + 0.73% (20.06 to 21.96%) (Table 1)
(Fig.1). Previous research reported moisture content in salted hilsha at 23.9% to 54.35%
(Azam et al., 2003; Majumdar et al., 2004; Majumdar & Basu, 2010; Kaiser et al.,
2017; Tabassum et al., 2018). This broad range could be due to storage condition,
seasonal variation, processing method, or storage time which can all influence moisture
content. Another study found a significant decrease in moisture content in salted hilsha
during six days of storage from 63.79 to 47.65% (Mukti et al., 2016).

3.1.3. Semi-fermented chepa

The moisture content of semi—fermented chepa was 41.26 + 0.82% (40.11 to
42.64%) (Table 1 & Fig.1). Nahar et al. (2017) observed a moisture content range of
33.74 to 45.03% in semi-fermented chepa from a retailer, while another study found the
moisture content ranged from 39.62 to 46.89% (Nayeem et al., 2010). When semi-
fermented chepa was stored at 18 to 34°C for 120 days, the moisture content was 34.02%
(Mahanta & Muzaddadi, 2012). In this experiment, the moisture content was higher,
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and the reasons may be storage time, absorbing moisture from environment, and the
intentional or unintentional addition of water to increase product weight (Nayeem et al.,
2010). In retail it is difficult to know the actual storage time. In the present experiment,
the moisture content is not preferable as this is suitable for the growth of microorganisms.

There was a significant difference of moisture content among different species
(Fig. 1; P=0.000000012). All four products were significantly different except Dried
small shrimp with salted hilsha (Fig. 1). Among five of the fishery products, dried ribbon
fish and semi-fermented chepa had the highest moisture content while dried shrimp and
salted hilsha had the lowest, although still high from a microbial growth standpoint.
Maintaining proper techniques during drying, storage and retail is important for
maintaining low moisture, and therefore, increasing food safety.
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Fig. 1. Moisture content of different fishery products. Different letters indicate significant
difference; all products were different from each other (ANOVA,; P=
0.000000012). DBD= Dried bombay duck, DRF= Dried ribbonfish, DS= Dried
shrimp, SHA=Salted hilsha, SFC= Semi-fermented chepa
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3.2 Total plate count (TPC) of bacteria
3.2.1 Dried fish (bombay duck, Ribbon fish and small shrimp)

The TPC value of bombay duck was 5.08 + 0.061 Logl0 CFU/g (5.01 to 5.22
Logl0 CFU/g) (Table 1 & Fig. 2). Previous work found the TPC of the dried bombay
duck collected from Chakti and Cox’s bazar region were 3.82 Logl0 CFU/g and 3.59
Logl0 CFU/g (Haque et al., 2013). The dried bombay duck from fish markets of
Chittagong and Mymensingh had TPC values of 2.53 Logl0 CFU/g to 2.58 Logl0
CFU/g (Sultana et al., 2010). In this experiment, the TPC value was higher than known
previous results, which could be due to moisture content being higher than recommended
values. Other possible reasons for the higher moisture content include regional variations,
spoilage of fish before drying, drying the fish on the ground or in other unhygienic
locations, or inadequate washing of the fish before the drying process.

The TPC value of the dried ribbon fish was 4.89 + 0.07 Log10 CFU/g (4.78 to 5
Logl0 CFU/g) (Table 1 & Fig. 2). Imtiaz et al. (2017) found that the TPC value of the
dried churi fish was 5.47 Log10 CFU/g after seven days of storage and observed that the
bacterial load was decreasing gradually. However, in the markets of the Chittagong and
Mymensingh regions, the dried ribbon fish had a total plate count of 3.95 Log10 CFU/g
from Anwara fish market, 3.91 Log1l0 CFU/g from Baskhali market and 3.70 Logl10
CFU/g from Karnafuli Khamar market. In this experiment, TPC value was higher
compared to previous results, and it may be due to region variation, improper drying and
moisture absorption from the surrounding environment during storage.

The TPC of dried small shrimp in our study was 4.95 + 0.03 Log10 CFU/g (4.90
to 5.00 Log10 CFU/g) (Table 1 & Fig. 2). No other previous work is known to compare
values. According to ICMSF (1986), a TPC of less than 6-7 Log10 CFU/g is considered
suitable for human consumption. Variations in TPC from previous studies are natural, as
microorganism numbers depend on many factors. In terms of safety, the TPC of dried
bombay duck, ribbon fish, and small shrimp were within acceptable limits and deemed
safe for human consumption.

3.2.2. Salted hilsha

The TPC value of salted hilsha was 4.74 + 0.04 Log10 CFU/g (4.69 to 4.84 Log10
CFU/g) (Table 1 & Fig. 2). Kaiser et al. (2017) studied the bacterial load of three types
of salted hilsha samples collected from retail market of Mymensingh, and the TPC was
6.26 Log10 CFU/g, with a moisture content of 40.03 to 43.09%. Another study looked at
the TPC for fresh (Day 0) and salted hilsha on Day 6 and found it changed from 5.96
Logl10 CFU/g for fresh hilsha to 8.13 Log10 CFU/g on Day 6 (Mukti et al., 2016). The
variation between their results and this study could be due to the salt content as they used
25% NaCl, but the salt quality was unknown in this experiment. Majumdar and Rashid
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(2017) also assessed that total plate count (TPC) of dry salted hilsha collected from the
retail markets of Narsingdi, Chandpur and Chittagong were 6.75 Logl0 CFU/g to7.94
Logl10 CFU/g and 5.34 Log10 CFU/g to 5.49 Log10 CFU/g). Normally, 25% of NaCl is
suitable for good quality and maturing of the salted hilsha (Mukti et al., 2016), but the
TPC of salted hilsha also varies if it was processed with poor quality crude solar salt
under poor hygienic conditions (Kaiser et al., 2017). In this study, the TPC for salted
hilsha is considered suitable for human consumption (ICMSF, 1986).

3.2.3. Semi-fermented chepa

The TPC value of semi-fermented chepa was 5.07 £ 0.059 Log10 CFU/g (5 to
5.16 Logl0 CFU/g). Nahar et al. (2017) noticed that the total bacterial count of semi-
fermented chepa ranged from 6.01 to 8.10 Log10 CFU/g. On the other hand, Mahanta
and Muzaddadi (2012) found that the total bacterial count in semi-fermented chepa fish
was 7 Log10 CFU/g within 120 days of storage. Our results were lower than these known
studies, but the value was acceptable for human consumption (ICMSF, 1986).

The ANOVA results indicated significant different in TPC between the five
products (P=0.000000015) (Fig. 2). The dried bombay duck was similar to semi-
fermented chepa (P= 0.77) with the highest TPC. Dried ribbon fish and dried small
shrimp (P = 0.064) were significantly lower than the bombay duck and chepa, but also
not significantly different from each other. Salted hilsha has significantly the lowest TPC
(Fig. 2). TPC can vary due to raw material condition, processing methods, surrounding
environment condition, and cross contamination (Nowsad, 2007). Traditional drying of
fishes is often done in the open field or on the sand, and there are chances of
contamination with sands and other particles (Flowra et al., 2012). The dried products
are often of lower quality due to varying temperature levels and contamination of the
products with dust, vermin’s and leafs (Reza et al., 2005). The quality of the salt and
surrounding environment could also affect the salted hilsha TPC (Kaiser et al., 2017).
This experimental result indicated that marketed fishery products of Gazipur, Bangladesh
are safe for consumption based on TPC.
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Fig. 2. Total plate count of bacteria in different fishery product. Different letters indicate
significant difference (ANOVA; P=0.000000015). DBD= Dried bombay duck,
DRF= Dried ribbonfish, DS= Dried shrimp, SHA=Salted hilsha, SFC= Semi-

fermented chepa

3.3 Specific bacteria

No Salmonella was found. Six bacterial strains were identified from five
processed fishery product during Salmonella isolation: Citrobacter freundii (bombay
duck; MN625856), Leclercia adecarboxylata (bombay duck; MN625857), Pseudomonas
aeruginosa (hilsha; MN625859), Providencia stuartii  (shrimp, MN625858),
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Enterobacter cloacae (chepa, MN625860), and Klebsiella pneumonia (ribbon fish;
MN625862) (Table 2). Thirty-one total isolates were found. Isolates were found in two
to seven out of the ten samples for each product (Table 2).

This is the first report of Leclercia adecarboxylata and Citrobacter freundii in the
dried bombay duck fish. L. adecarboxylata represented 22.58% of the isolates (Table 2).
Limited research has been conducted on the proximate composition or total plate count
(TPC) of the dried bombay duck (Azam et al., 2003; Sultana et al., 2010; Haque et al.,
2013). L. adecarboxylata is an opportunistic human pathogen that phenotypically
resembles Escherichia (Stock et al., 2004). It grows at temperatures ranging from 25°C to
36°C (Tamura et al., 1986) and is widely distributed in nature, forming part of the
normal flora in the gut of animals (Stock et al., 2004; Tam & Nayak, 2012; Keren et
al., 2014). The presence of this bacterium may indicate unhygienic conditions. L.
adecarboxylata can cause infections in immunocompromised humans (Hess et al., 2008).
It has been found in traditional dried anchovies (Encrasicholina punctifer) in Oman (Al
Bulushi et al., 2013), and multidrug-resistant L. adecarboxylata has been detected in the
rivers and lakes of Dhaka City (Haque et al., 2015). Recently, this species was also
found in tilapia (Oreochromis niloticus) collected from retail fish markets (Khan et al.,
2022). The possible sources of L. adecarboxylata may include contamination from raw
materials or during handling at the market.

Table 2. Bacteria isolated from fishery products. (Note: + indicates presence and —
indicates absence; DBD= Dried bombay duck, DRF= Dried ribbonfish, DS= Dried
shrimp, SHA=Salted hilsha, SFC= Semi-fermented chepa.)

SI. No. Bacterium Accession Processed fishery products Total Isolates ~ Samples
number DBD DRF DS SHA SFC (%) positive for
isolates (out
of 10)
1. Leclercia MN625857 + - - - - 7 (22.58%) 4
adecarboxylata
2. Citrobacter freundii MN625856 + - - - - 4 (12.90%) 2
3. Klebsiella MN625862 - + - - - 3(9.67%) 2
pneumonia
4. Providencia stuartii MN625858 - - + - - 3 (9.67%) 2
5. Pseudomonas MN625859 - - - + - 6 (19.35%) 4
aeruginosa
6. Enterobacter cloacae = MN625860 - - - - + 8 (25.80%) 7

31 (100%) 21
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C. freundii in the Bombay duck made up 12.90% of isolates (Table 2). An aerobic
Gram-negative bacteria, C. freundii is found in the environment, food, and the intestinal
tracts of animals and humans. It grows in mesophilic environments (Wang et al., 2000).
C. freundii causes a variety of infections, including those in the urinary tract, respiratory
tract, wounds, bones, meninges, intestines and blood stream of humans. Sporadic
infections and outbreaks caused by C. freundii were reported in 1979 in India, where
seventeen babies were infected and one died (Murray et al., 2010). The presence of this
microorganism in any fishery products is a cause for concern. It is also responsible for
diseases in fish. Mass mortality of doctor fish (Garra rufa) was caused by C. freundii
infection (Baeck et al., 2009), and in infections of the Brazilian catfish
(Pseudoplatystoma) (Padua et al., 2004). As these bacteria are found in water, high
moisture content could contribute to their spread. Maintaining hygenic conditions from
every step of processing to marketing is important to minimize this bacteria.

In this research, Klebsiella pneumonia (9.67%) was isolated from dried ribbon
fish (Table 2). K. pneumonia is non-motile, rod-shaped, gram-negative, opportunistic
pathogen from the family Enterobacteriaceae (Kumar et al., 2011) and grows at 25°C to
42°C (Tsuji et al., 1982). As Bangladesh is a tropical country, temperature is always
around 20°C in summer and winter, which makes it a favorable environment for its
growth. K. pneumonia has been isolated from a variety of fish and seafood including tuna
sashimi implicated in an outbreak of scombroid fish poisoning in California (Taylor et
al., 1979), fresh and smoked fish Clarias gariepinus obtained from two markets in Benin
City (Abolagba & Igbinevbo, 2010), Nishikigoi Cyprinus carpio (carp) (Oliviera et al.,
2014), and clownfish of Maldives associated with skin hemorrhages and ulcer (Gopi et
al., 2016). The presence of this microorganism in fish and fishery products is not
surprising. However, K. pneumonia is an opportunistic agent and caused severe cases of
pneumonia in immunocompromised individuals (Abbas et al., 2023). The presence of
this organism in fishery products is not safe to eat and the presence of K. pneumonia
could be due to the inadequate hygiene during handling (Oliveira et al., 2014). Other
possible sources of K. pneumonia may be cross contamination during handling, drying
and improper sanitary condition. Proper hygiene practices throughout the supply chain
may minimize this bacteria.

Providencia stuartii (9.67%) was isolated from dried small shrimp (Table 2).
Providencia stuartii is the most common species of Providencia, a Gram-negative,
facultative anaerobic bacterium belonging to the family Enterobacteriaceae. It grows best
in mesophilic temperature ranges (Sohngen et al., 2016). As Bangladesh is a tropical
country, the temperature is conducive to its growth. P. stuartii is also an opportunistic
pathogen, commonly found in patients with severe burns and bloodstream infections (Lin
et al., 2008). The presence of this organism in fish is a concern for food safety. P. stuartii
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has been found in fresh tilapia (Oreochromis niloticus) in Sokoto, Nigeria (Shinkafi &
Ukwaja, 2010). The possible sources of P. stuartii are similar to those of other harmful
bacteria, including contamination from fresh fish at the market, unhygienic conditions,
and cross-contamination during processing or from the fish market.

In this study, Pseudomonas aeruginosa was isolated from salted hilsha (19.35%)
(Table 2). This is the first report of P. aeruginosa in salted hilsha in Bangladesh. P.
aeruginosa is a Gram-negative, non-fermentative rod, aerobic, oxidase-positive, and
motile with polar flagella, found in a wide range of environments. It has been isolated
from numerous sources, including drinking water, domestic and wild animals, humans,
plants, and various foods (Lee et al., 1999). P. aeruginosa is salt-tolerant (Mahadevan et
al., 2010), making its presence in salted fish unsurprising. P. aeruginosa has been found
in salmon, pangasius, shark, catfish, shrimp, and oysters in Switzerland (Boss et al.,
2016), traditional dried anchovies (Encrasicholina punctifer) in Oman (Al Bulushi et al.,
2013), both fresh and smoked Clarias gariepinus from two markets in Benin City
(Abolagba & Igbinevbo, 2010), and in fresh fish, smoked fish, and bovine meat (Benie
et al., 2017). P. aeruginosa grows well at 37°C and can survive at a wide range of
temperatures from 4 to 42°C (LaBauve & Wargo, 2012). It can cause serious disease in
immunocompromised individuals and is a common cause of nosocomial infections
(Sadikot et al., 2005). As Bangladesh is a tropical country, the temperature is suitable for
its growth, and the salt tolerance of this bacterium is also advantageous, as salted hilsha
contains around 25% salt (Mukti et al., 2016). The presence of this organism in any
fishery product is a concern, and possible sources of contamination include poor-quality
salt, improper handling, improper storage, and cross-contamination.

Enterobacter cloacae from semi-fermented chepa fish represented 25.80% of the
isolates (Table 2). E. cloacae is a Gram-negative, anaerobic bacterium belonging to the
family Enterobacteriaceae, and it is widely distributed in the environment (Wang et al.,
1989; Paterson et al., 2005). It is also an opportunistic pathogen of humans (Flyan et al.,
1987; Gaston, 1988) and other organisms including fish (Troast, 1975; Hansen et al.,
1990). E. cloacae has been found in the feces of humans and animals, water, soil, plants,
plant materials, insects, and dairy products (Davidson et al., 2000; Neto et al., 2003). It
is capable of causing opportunistic infections (Storti et al., 2005; Mokracka et al.,
2011). E. cloacae was found in dead Pangasianodon hypophthalmus reared in a culture
pond in Bhimavaram, Andhra Pradesh, India (Kumar et al., 2013), dead Mugil cephalus
in India (Thillai et al., 2008), and traditional dried anchovies (Encrasicholina punctifer)
in Oman (Al Bulushi et al., 2013).

This species thrives in mesophilic environments, with an optimal temperature of
37°C (Thillai et al., 2008), which favors the growth of E. cloacae in semi-fermented
chepa fish, as the summer temperatures in Bangladesh range from 30-40°C. The use of
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dirty earthen pots, improper and unhygienic handling, anaerobic conditions, moisture
absorption from the surroundings, and unsanitary market conditions are additional
potential contributing factors. The discovery of E. cloacae in semi-fermented chepa fish
has never been reported before.

Moisture content plays a significant role in bacterial growth. Typically, processed
fishery products contain 16-18% moisture. In this experiment, all the processed fishery
products contained more than 16% moisture, creating conditions that support bacterial
growth. Possible reasons for high moisture content include absorption from the
surrounding environment, inadequate drying during processing, or improper storage
between marketing and distribution.

Citrobacter freundii, Leclercia adecarboxylata, Pseudomonas aeruginosa,
Providencia stuartii, Enterobacter cloacae, and Klebsiella pneumoniae were found in
various samples at temperatures conducive to a tropical climate like Bangladesh. Most of
these bacteria have previously been identified in fresh fish. Traditionally processed
products include dried, salted, and semi-fermented fish. This is the first report of these
pathogenic bacteria being present in processed fishery products in Bangladesh. All of
these bacteria are human pathogens. Possible causes of contamination include improper
handling, cross-contamination during processing, inadequate drying, improper storage,
the use of low-quality solar salt, contamination during fermentation, and cross-
contamination at the markets. By maintaining hygienic conditions throughout the supply
chain and ensuring proper cold storage, the presence of these bacteria may be reduced or
eliminated.

CONCLUSION

Studies were conducted to investigate the moisture content, total plate count (TPC),
and bacteriological status (including Salmonella and other pathogenic bacteria) of five
processed fishery products from the retail market in Gazipur district. Higher moisture
content was found in all products, exceeding the recommended value for food safety.
TPC levels were within the acceptable food safety ranges for all products. Six bacterial
isolates were identified: Citrobacter freundii, Leclercia adecarboxylata, Pseudomonas
aeruginosa, Providencia stuartii, Enterobacter cloacae, and Klebsiella pneumoniae.
Based on TPC results, these products are deemed safe for human consumption; however,
the six isolated bacterial strains are harmful to humans. Future food safety research
should focus not only on moisture content and TPC but also on improving the quality of
processed fishery products in Bangladesh to ensure consumer safety.
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