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Abstract: Bacterial and nutritional quality of fresh and salted hilsa collected from
four markets of Dhaka city were investigated. Five different culture media viz.
nutrient agar, EMB agar for coliform, SS agar for Salmonella-Shigella, MSA agar
for Staphylococcus and TCBS for Vibrio were used. The highest heterotrophic
bacterial count 1.22 + 0.12 x 106 cfu/g was recorded in the fresh fish sample of
Karwan Bazar. Maximum coliform count, 1.20 + 0.10 x 10¢ cfu/g was detected in
the fresh fish sample of the same market. No bacterial colony was found on SS
agar and TCBS agar plate in salted fish. Proximate composition of raw hilsa of
dorsal and ventral part was 56.49 + 0.13% and 55.45 * 0.06% moisture, 23.62 *
0.28% and 22.99 = 0.36% protein, 18.01 + 0.39% and 18.96 * 0.43% fat and 1.71
+ 0.04% and 2.26 + 0.09% ash, respectively. In salted T. ilisha, the proximate
composition of dorsal and ventral part was 45.13 + 0.54% and 40.20£0.20%
moisture, 20.79 £ 0.17% and 21.48 £ 0.15% protein, 16.89 + 0.47% and 19.54 *
0.26% lipid and 16.65 + 0.41% and 18.35 + 0.08% ash. The fresh fish samples
were associated with high bacterial loads than that of salted fish. The protein,
lipid, moisture contents decreased and ash content increased after salting
condition.
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INTRODUCTION

Hilsa (Tenualosa ilisha) is a popular, highly nutritious, diadromous fish
found in the rivers of Bangladesh round the year and are available in local
markets both fresh and salted condition. It is considered as the national fish
due to its popularity and economic importance (DOF 2013).

Fish are highly perishable food item for which they start to spoil as soon as
they are harvested (Balachandran 2001). So processing and storage method is a
vital factor in fish consumption. On the way of transportation from each point to
market, there is a great chance for the fish to be contaminated by bacteria
(Clucas and Ward 1996). The qualities of frozen fish is determined mainly by the
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total number of bacteria present and by the individual count of bacteria of
public health significance such as Escherichia coli, Staphylococcus, Vibrio
cholerae, Salmonella etc.

Preservation of fish by salt is an old age technology. This method of
preservation still enjoys popularity in many developing countries owing to its
simplicity and low cost of processing (Takagi et al. 1984). Salted hilsa (Locally
known as ‘Lona ilish’) is a salt fermented product prepared from the Indian shad
(Tenualosa ilisha). It is a very popular and widely consumed in Bangladesh
mainly due to its typical flavor, aroma and texture. Though the spoilage of salted
fish is less severe but it is usually contaminated with the harmful bacteria and
the fungi; because in glut period, only those fish are spoiled or partially spoiled
and cannot be sold in the fresh wet fish market are used for salting (Alam 2010).

Biochemical composition of fish flesh may vary within the same species of
fish depending upon the fishing season, age, sex and habitat (Srivastava 1985).
The variation is also found within the different region of the body (Jacquot
1961). Fish flesh contains four basic components in varying proportions such as
water (70-80%), protein (18-20%), fat (5%) and minerals (5%) (Khurseed and
Mosharaff 1998). It has high nutritional value in terms of fats and proteins.
Consumption of different types of food by the fish species make proximate
composition a bit different and also different part of the body makes the
composition different as well. The objective of the study was to investigate the
bacterial and nutritional status of fresh and salted hilsa (Tenualosa ilisha)
collected from local fish markets by determining bacterial load and proximate
composition.

MATERIAL AND METHODS

Hilsa samples (fresh and salted) were collected aseptically from four different
fish markets of Dhaka city viz., Palashi Bazaar, Karwan Bazaar, Anando Bazaar
and New Market. Fish samples were collected in sterile plastic bags and were
labeled. Identification of sampled fish was done according to Rahman (2005) and
were preserved in a refrigerator at 4°C.

Nutrient agar (NA) (Eklund and Lankford 1967) medium was used for the
enumeration and isolation of aerobic heterotrophic bacteria present in fish
samples, while EMB agar (Scharlau Chemie S.A, Barcelona, Spain), SS agar
(Techno Pharmachem, Bahadurgarh, Haryana), Manitol salt agar (MSA) and
TCBS agar (Scharlau Chemie S.A, Barcelona, Spain) were used to enumerate
and isolate coliform bacteria, Salmonella-Shigella, Staphylococcus and
enteropathogenic vibrios respectively.

Serial dilution technique (Clescerl et al. 1999) was used for the isolation of
microorganisms. 10g of fish muscle was diluted with 90 ml sterile distilled water
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in a sterile conical flask and shaken well. This suspension was transferred to 9
ml of sterile water for ten-fold (1 : 10) dilution and further diluted up to 104 for
the plating of NA medium and 10-3 dilutions for the plating of EMB agar medium
and SS agar medium, Manitol salt agar medium, TCBS agar medium.

One ml of each of the diluted sample was taken in a sterilized petri plate by
sterilized pipette. Then molten agar medium poured and mixed thoroughly by
rotating the petri plate, first in one direction and then in the opposite direction.
Duplicated plating was made for each diluted sample. After setting the medium,
the plates were placed inverted and incubated at 37°C for 24 h in an incubator.

After 24 h of incubation, the plates having well discrete colonies were
selected for counting from the respective culture plate. In case of EMB agar
medium, pink or metallic green sheen colonies considered as coliform bacteria
while white colonies considered as non lactose fermenter. The selected plates
placed on colony counter (Digital colony counter, DC-8 OSK 100086, Kayagaki,
Japan) and the colonies were counted.

Fresh and salted hilsa were analyzed for their nutrient content in order to
have a clear idea about the category of fish where it belongs to. Moisture content
was expressed as the amount of water as percentage (%). Moisture content was
determined by oven drying method (AOAC 1995). Crude protein content of fish
was determined by micro-Kjeldahl method using Kjeltec machine (Model Tecator
Kjeltec System 1026 Manual 1987). Lipid content was determined by extraction
with a mixture of chloroform (2 : 1) to a little amount of sodium chloride (0.9%)
as recommended by AOAC (1995). Ash content was determined by ignition of
samples in a muffle furnace at 550 - 600°C for 16 hours (AOAC 1995).

Statistical analysis was performed with the Statistical Package for the Social
Sciences (SPSS) v. 16.0 for windows (SPSS, SAS Institute Inc. Cary, USA). One
way ANOVA was done with 0.05 level of significance.

RESULTS AND DISCUSSION

Quality is the degree of excellence or grade of goodness. In simple terms, the
quality of a food can be defined as those characteristics which make it
acceptable to the consumers. Bacteriological quality is of public health
importance as it directly relates to spoilage of fish and becomes the cause of
outbreak of food poisoning (Nilla et al. 2012).

Bacterial load of the collected samples: The highest heterotrophic bacterial
load of fresh fish samples on nutrient agar was 1.22 £ 0.12 x 10° cfu/g found in
fresh hilsa from Karwan Bazar while the lowest was 1.40 = 0.6 x 104 cfu/g found
in salted hilsa from Palashi Bazar (Table 1, (p<0.05)). However, significantly
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higher bacterial count was detected in fresh hilsa sampled from Palashi Bazar,
Karwan Bazar and Anando Bazar than that of others (p<0.05) while similar
bacterial density was observed in all the samples of salted hilsa and fresh hilsa
from New market.

Table 1. Total bacterial count (cfu/g; mean + SEM) in Tenualosa ilisha fish sample

Source Type of fish

Fresh Salted
9.80 £ 1.20 x 105a 1.40 £ 0.6 x 104
1.22 £0.12 x 106a 7.45 £ 0.55 x 10%
Anando Bazar 9.30 £ 1.70 x 10%a 6.85+ 3.15 x 10%
New Market 6.60 £ 0.20 x 104 7.00 £ 1.00 x 104

Means followed by different superscript small letters indicate significant differences (ANOVA, HSD;
P<0.095).

Palashi Bazar

Karwan Bazar

Significantly higher enteric bacteria with special reference to coliform count
on EMB agar was found in fresh hilsa sampled from Kawran bazaar than that of
others (p<0.05). However, significantly higher but similar coliform count was
detected in fresh samples from Palashi Bazar, Anando Bazar and New Market
than that of salted samples (Table 2).

Significantly higher MSA count was found in fresh hilsa sampled from
Karwan Bazar and Anando Bazar than that of others (P<0.05). However, similar
Staphylococcal count was found in raw and salted hilsa sampled from all the
markets other than Karwan Bazar and Anando Bazar (Table 3).

Highest Shalmonella-Shigella count 6.35 + 1.35x10% cfu/g was observed in
fresh hilsha sampled from Karwan bazaar which was similar to that of Palashi
Bazar. No Shalmonella-Shigella count was found in any sample of salted hilsa
(Table 4).

Table 2. Total EMB count (cfu/g; mean + SEM) in Tenualosa ilisha fish sample

Source Type of fish
Fresh Salted

Palashi Bazar
Karwan Bazar
Anando Bazar
New Market

2.15£0.15 x 105be
1.20+£0.10 x 1060a
2.66 £ 0.49 x 105
1.90 + 0.40 x 105bc

5.20 £ 0.30 x 108
8.50 £ 1.50 x 103¢
6.40 £ 0.40 x 108%c
7.75 £ 1.70 x 10%bc

Means followed by different superscript small letters indicate significant differences (ANOVA, HSD;

P<0.05).

Vibrio like colonies were found only in two samples of fresh hilsa collected

from Kawran Bazar and Ananda Bazar (Table 5) which were insignificant to

others (p<0.05).
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Table 3. Total MSA count (cfu/g; mean + SEM) in Tenualosa ilisha fish sample

Source

Type of fish

Fresh

Salted

Palashi Bazar
Karwan Bazar
Anando Bazar
New Market

5.10 £ 1.10 x 104
1.26 £ 0.06 x 105
1.64 £ 0.24 x 105
2.50 £ 0.50 x 102>

2.10 £0.20 x 103P
4.00 £ 1.00 x 104
3.20 £ 0.80 x 103P
1.50 £ 0.50 x 102>
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Means followed by different superscript small letters indicate significant differences (ANOVA, HSD;

P<0.05).

Table 4. Total Salmonella-Shigella count (mean + SEM) in Tenualosa ilisha fish sample

Source Type of fish

Fresh Salted
Palashi Bazar 490 £1.10 x 103a 0.00 +0.00r
Karwan Bazar 6.35+ 1.35 x 10% 0.00 +0.00r
Anando Bazar 1.50 £ 0.50 x 102 0.00 +0.00p
New Market 0.00 £0.00P 0.00 £0.00r

Means followed by different superscript small letters indicate significant differences (ANOVA, HSD;
P<0.05).

The total bacterial load in raw fish was beyond the acceptable limit (5x105
cfu/g) according to the ICMFS except for raw hilsa of New market (ICMFS 1986)
which might be due to secondary contamination during the time of handling as
well as storage of fishes in ice made from contaminated water. High microbial
abundance might be due to contaminated source of water, poor hygiene and
sanitation condition of processing (Hatha et al. 1998). The processed food is
considered as spoiled when the total bacterial count (TBC) values reach to 10°
cfu/g or more in food items (Shewan 1970). On the other hand, the bacterial
density observed in salted hilsa was acceptable respective to total heterotropic
bacterial population according to ICMFS (1986).

Table 5. Total TCBS count (mean * SEM) in Tenualosa ilisha fish sample

Source Type of fish

Fresh Salted
Palashi Bazar 5.00 £ 5.0 x 10 0.00 +£0.00
Karwan Bazar 5.00+£5.0 x 10 0.00 +0.00
Anando Bazar 0.00 £0.00 0.00 +£0.00
New Market 0.00 £0.00 0.00 £0.00

Means (+ SEM) with no letters denote no significant differences (ANOVA, HSD, p < 0.095).

The highest EMB count was 1.2 £ 0.1x106 cfu/g in fresh hilsa collected from
Karwan Bazar and lowest was 5.2 + 0.3x103 cfu/g in salted sample collected
from New market (Table 2). All samples were observed having high quantity of
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EMB count exceeding the limit (>102 cfu/g) suggested by ICMSF 1986 and
proves local markets supply low quality fish. Sultana et al. 2008 found total
viable count and total coliform count range from 2.2 x 105to 5.83 x 107 cfu/g
and 1.4 x 102to 7.4 x 103 respectively in salted hilsa which support the findings
of the present study.

In one study Munce (1980) stated that presence of coliform in food has been
linked with the practice of inadequate hygienic measure, mishandling, improper
storage and use of dirty water during marketing and all unhygienic condition of
the shops. Moreover, Boyd (1990) suggests that the contamination may also
come from the water use for washing or icing. The microbial contamination of
the fish samples depend upon the source of the fish, pH, temperature, acidity of
the water, natural handling, processing time elapsed between catching and
marketing, water used during marketing etc. Depending on the habitat and
other environment factors a wide range of variation in distribution of microflora
in fish has been reported (Lakshmanan 1999, Ito et al. 1993). No Salmonella and
Vibrio was detected in salted hilsa in the present study which is supported by
Shamsuzzaman et al. (2011).

Proximate Composition of fresh and salted hilsa: The major constituents in
fish are moisture, protein, lipids and ash. Large fluctuations occur in the
proximate composition and are influenced by several factors such as species of
fish, diet, fishing grounds, season, sex and sexual maturity and spawning.

Moisture is the major component of fish muscle. Significantly higher
moisture content was found in both dorsal and ventral portion of fresh hilsa
than that of salted (p<0.05, Fig. 1). Moreover, significantly higher moisture was
detected in dorsal portion (45.13+0.54 %) of salted hilsa than that of ventral
(40.20+0.20 %). However, similar moisture level was observed in dorsal (56.49
+0.13 %) and ventral portion (55.45+0.06 %) of raw hilsa.
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Fig. 1. Moisture contents (%) of different body portions hilsa. Bars (mean + SEM) with different
letters are significantly different (ANOVA, HSD; p < 0.05)
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Significantly higher but similar protein level was detected in dorsal and
ventral portion of fresh hilsa than that of salted (p < 0.05, Fig. 2). However,
similar protein content was observed in dorsal and ventral portion of respective
raw and salted hilsa.

Significantly higher lipid content was found in ventral portion of salted hilsa
(19.54 = 0.26 %) than that of others (p<0.05, Fig. 3). Moreover, higher lipid level
was detected in ventral portion (18.96+0.43 %) of fresh hilsa than that of dorsal
(18.96 = 0.43).

Significantly higher ash content was found in ventral portion of salted hilsa
(18.35 + 0.08 %) than that of others (p<0.05, Fig. 4). Moreover, significantly
higher ash content was detected in dorsal portion (16.65 = 0.41 %) of salted
hilsa than that of dorsal and ventral portion of raw sample. However, similar ash
content was detected in dorsal (1.71+0.04 %) and ventral (2.26+0.09 %) portion
of raw hilsa.

Dorsal Ventral Dorsal Ventral
Raw Salted

Fish type

Fig. 2. Protein contents (%) of different body portions hilsa. Bars (mean + SEM) with different letters
are significantly different (ANOVA, HSD; p < 0.05)
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Fig. 3. Lipid contents (%) of different body portions hilsa. Bars (mean + SEM) with different letters
are significantly different (ANOVA, HSD; p < 0.05)
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Fig. 4. Ash contents (%) of different body portions hilsa. Bars (mean + SEM) with different letters are
significantly different (ANOVA, HSD; p < 0.05)

Immaculate et al. 2013 studied the seasonal variation of moisture content of
different salted and sun dried fishes and found high moisture ranged between
48.2 to 58.6% in monsoon that is similar to our study (45.13 + 0.54%).

In the present study fat content in fresh hilsa was between 18.01 £ 0.39 and
18.96 £ 0.43% which is in agreed with Majumder et al. (2005), who stated that
fat content in fresh hilsa varies from 14-25%. Majumdar and Basu (2010) found
moisture, lipid and ash (as % of muscle) as 54.35, 9.41 and 16.73, respectively
in ‘lona ilish’ (salted hilsa) where ash content agreed with but moisture and lipid
contents differ from the present study. Since fresh hilsa which is of high fatty
fish group is transformed to lona hilsa; it is not unlikely to have high fat content
in salted hilsa.

Shamim et al. (2011) studied the proximate composition of different portion
of hilsa collected from two regions of the Bay of Bengal and found the highest
protein content (21.89%) in ventral where lowest (20.50%) in caudal region. In
this study, we found highest protein content (23.62 * 0.28%) in dorsal region of
fresh sample and lowest (20.79 + 0.17%) in dorsal region of salted fish. However,
variation in proximate composition of fish flesh may vary with different portions
of fish body, species variation, season, age and the feeding habit of fish.

Traditionally, the fishermen themselves processed the fish for salted hilsa.
Hygienic conditions were far from satisfactory in the manufacturing units.
Sometimes fish were not even washed before being cut. Secondly, the crude salt
used was cheap and of unknown quality. Quality of the product largely
depended on the freshness of the raw fish, removal of water during dry salting,
period of maturation, concentration of brine etc. The lack of proper knowledge,
facilities and carelessness of the fish retailers about microbiological quality of
the fresh and salted fish was evident from the study. The result also indicated
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that the hygienic condition and sanitation facilities were not good in the markets
of Dhaka city.

Fish play a significant role in the national economy of Bangladesh.
Tenualosa ilisha is very rich in nutritional properties and bacterial load in salted
hilsa is less compare to that of raw hilsa in different market of Dhaka city.
Moreover, there was no Shigella-Salmonella and Vibrio spp. in the salted hilsa.
Regular monitoring on local markets and on proper salting process should be
done to avoid bacterial contamination and to maintain good nutritional status of
both fresh and salted hilsa.
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