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ABSTRACT

Salting of fish is widely used as one of the most important low-cost traditional method
for fish-preservation and considered as a concentrated source of nutrients to all
categories of people throughout the world including Bangladesh. Salt-cured fishes are
highly appreciated because of their characteristic taste, texture and storage stability.
So, attempts have been made in the present study to preserve three freshwater fish-
species of Bangladesh viz., large size fish Shol (Channa striatus, Bloch; 1801),
medium size fish Taki (Channa punctatus, Bloch; 1793) and small size fish Tengra
(Mystus tengra, Hamilton- Buchanan; 1822) with five different types of salt-curing
method viz., Dry salting (DS), Pickle curing (PC), Brine salting (BS), Sun-dried
salting (SDS) and Turmeric treated sun-dried salting (SDS+T). Studies were
conducted on their sensory (characteristics & scores), proximate (moisture, protein,
fat, ash) chemical (salt, TVB-N, FFA, pH) and bacteriological (SPC & HBC count)
quality assessment during storage period both at room (26-32°C) and refrigeration
(4°C) temperature using standard methods of analyses. Important mineral composition
e.g. Ca, Mg, Fe, Cu Zn, and Mn were also determined in fresh fish and freshly
processed salted fish-products.

The present study showed that, the content of moisture, protein, fat, ash, TVB-N
(Total Volatile base-Nitrogen), FFA (Free Fatty Acid), pH and SPC (Standard Plate
Count) of freshly collected shol fish was 77.03+£0.12%, 19.52+0.07%, 1.93£0.07%,
1.44+0.11%, 4.41+0.01 mg/100g, 0.6+0.06%, 6.9+0.06, and 2x10° cfu/g; taki fish
was 78.65+0.07%, 16.89+0.10%, 2.50+0.06%, 1.36+0.11%, 3.43+0.02 mg/100g,
0.5+0.10%, 7.0+0.06 and 1.1x10°> cfu/g and tengra fish was 74.27+0.07%,
16.96+0.07%, 6.04+0.06%, 2.67+0.08%, 4.27+0.02 mg/100g, 0.9+0.21%, 7.0+0.10
and 5x10° cfu/g respectively. Fresh shol, taki and tengra fish had Ca 11.2, 16.35 and
22.025; Mg 10.125, 9.425 and 11.4; Fe 1.475, 1.275 and 2.25; Cu 0.7, 0.65 and 0.55;
Zn 0.25, 0.425 and 1.275; Mn 0.1, 0.05 and 0.125 mg/100g of fish respectively.

‘Salt ripening’ of five different types of salted shol, taki and tengra was obtained by
assessing changes in salt penetration rate and its effect on moisture content, fluid loss
pattern in fish muscles and percent weight loss of fishes during ripening period.

After salt-ripening moisture (%) content, pH value, SPC (cfu/g) and HBC (cfu/g) load
decreased whereas protein (%) (except BS tengra), fat (%), ash (%), salt (%) and FFA
(%) value increased in salted fish samples when compared to the fresh fish samples.
Salt (NaCl) content in freshly prepared salted products ranged between 13.77% &
17.10%. Preferability study was also done with the taste testing of ‘Fish-curry’
prepared from 5 different types of freshly processed salted Shol, Taki and Tengra
fish-products so that these kinds of new products could find good market. Taste
testing study showed the greater acceptability of turmeric treated sun-dried salted
(SDS+T) shol, taki and tengra fish over the others. It was also observed that salted
fish products are a good source of minerals. Mineral elements detected were in the
decreasing order of Ca>Mg>Fe>Zn>Mn>Cu in fresh processed five types of shol, taki
and tengra fish-products respectively.
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During storage period, protein, fat, ash, salt and sensory score were found to be
decreased whereas moisture, TVB-N, FFA, pH, SPC and HBC value increased both
room and refrigeration temperature, but the increase in room temperature was more
prominent than the products stored in refrigeration temperature. However, there was a
general decline in sensory characteristics and scores on flavor, color and texture of
salted fish-products during storage (a total period of 36 months) and the acceptability
score <4.5 (in 1-9 point hedonic score on quality) was considered as rejected or
spoiled for all salted fish samples. There was also found direct relation between
moisture & chemical composition (TVB-N, FFA, pH) and moisture & bacterial count
(SPC, HBC) whereas inverse relation was revealed between sensory score & TVB-N,
FFA, pH value during entire storage period. Visually there was found no fungal attack
in all of 5 types of salted shol, taki and tengra fish products during the storage period.
The overall quality of all salted fish-products were excellent in fresh process
condition and five types of salted products stored at refrigeration temperature were
found in better condition as determined by sensory, biochemical and bacteriological
analysis.

From the overall performance, it has been proved that these three fishes were highly
acceptable in salted condition and turmeric treated sun-dried salting (SDS+T) method
was found as the best. On the basis of quality-standard and shelf-life performance, the
five salting methods can be arranged as follows: Turmeric treated sun dried salting
(SDS+T)>Sun-dried salting (SDS)>Dry salting (DS)>Pickle curing (PC)>Brine
salting (BS). Among the three species, five categories of salted tengra fish-samples
showed better performance in respects of shelf life study. The highest shelf life was
found to be 36 months in SDS+T tengra at refrigeration storage whereas lowest was
found in 75 days in BS taki at room temperature.

Thus the present study provides information about the suitability of different salting
methods of three commercially important fishes to produce a very stable and safe
product with long storage life. By assessing the nutritional quality as well as the
feasibility of the method, it can be recommended to incorporate the turmeric treated
sun-dried salting (SDS+T) method in commercial scale which further may contribute
in national economy of Bangladesh.
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CHAPTER-1
INTRODUCTION

1.1. Geography of Bangladesh

Bangladesh is a South Asian sub-tropical country located between latitude 20°34” and
26°39" north and longitude 80°41" and 92%41 east. It is bordered by India to the west,
north and the northeast; Myanmar to the southeast and the Bay of Bengal to the south.
The country is crisscross with hundreds of rivers. It consists of the deltaic flood plains
of the Ganges, the Brahmaputra and the Meghna with their tributaries and branches.
Winter lasts only for two months in the country. Temperature and rainfall ranges from
07° to 40°C and 1170 to 3400 mm respectively. The climate of Bangladesh is a unique

for aquaculture and fisheries resource management.

Bangladesh is one of the most aquatic resource (marine and freshwater) diverse
countries in the world. It has vast water resources in the form of rivers, canals, haors,
baors, beels, floodplains, ponds, lakes, estuaries and vast fishing grounds in the Bay
of Bengal. Due to the sub-tropical climatic condition and a large number of natural
freshwater reservoirs, wetlands, man-made ponds and lakes and flood plains water
bodies shows a promise of further expansion of fish production in Bangladesh.

There have about 46.99 hundred thousand hectare inland water resources in
Bangladesh in which 39.1 hundred thousand hectare are open water and 7.89 hundred
thousand hectare is closed water (DOF, 2015). Bangladesh has also an area of 166.07

hundred thousand hectares of marine waters, including territorial and economic zone.
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1.2. Status and importance of fish and fisheries

Fish like many other forms of life, are of immense values to mankind. They have long
been a staple item in the diet of many people. Today they form an important
commodity in the economy of many nations, while giving incalculable recreational
and physiological values to the naturalists, sports enthusiast and home aquarist. Fish is
a key ingredient on the global menu, a vital factor in the global environment and an
important basis for livelihood worldwide (Bene and Heck, 2005). The global
contribution of fish as a source of protein is high, ranging from 10% to 15% of the

human food basket across the world (Wilson et al., 2007).

Fish is a non-tetra pod chordate, i.e., an animal with a backbone that has gills
throughout its life and has limbs in the shape of fins. (Nelson, 2006). Fish belongs to
paraphyletic group of organisms that consist of all gill-bearing aquatic vertebrate (or
craniate) animals. Most fish are "cold-blooded"”, or ectothermic, allowing their body
temperatures to vary as ambient temperatures change, though some of the large active
swimmers like white shark and tuna can hold a higher core temperature (Goldman,
1997). At 32,000 species, fish exhibit greater species-diversity than any other class of
vertebrates. Fish species diversity is roughly divided equally between marine
(oceanic) and freshwater ecosystems. In terms of weight of food consumed, fish ranks
third after rice and vegetables (Minkin et al., 1997; Hels et al., 2002).

In view of the present population boom scarcity of protein is increasing day by day.
According to a statistical report the earth will have eight billion people by the end of
2020 and there will be needed double increase in plant proteins and four times
increase in animal proteins to maintain the existing nutritional status of people in
different parts of the world. Chukwu (2009) stated that the gap between the demand
and supply of fish is widening due to increase in population, poor post-harvest
handling, lack of processing and storage facilities and utilization of unconventional

fish species.
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It is estimated that 60% of people in developing countries obtain 40-100% of the
animal protein in their diets from fish (Clucas and ward, 1996). The LDC (less
developed countries) capture 50% of the word harvest and a large proportion of the
catch in many Asian countries over 50% of the animal protein intakes comes from
fish (William et al., 1988).

In spite of these resources, malnutrition is one of the major factors faced by the people
of developing countries today (Hossain and Afroze, 1991). In Bangladesh this
nutritional deficiency has become more acute because of tremendous rate of
population growth without any significant increase in animal production. The
population of Bangladesh is near about 16 crore (BBS, 2015). Millions of people are
suffering from serious nutritional problem owing to acute shortage of animal protein
in their diet. The current fish consumption rate is 17.52 kg/people/year whereas the
demand is 20.44 kg/people/year and is 29.74 MT per year (Kabir et al., 2012; Minar
etal., 2012).

Due to high population growth there is an ever ending gap between supply and
demand of fish and fisheries products in Bangladesh. Narrowing the gap not only
requires increasing production but also improvement in all aspects of marketing and
distribution system is also important (ICLARM, 1991). For this, the harvested fish
and fisheries products should be processed properly to reduce the gap between supply
and demand.

Tropical regions of the world have a rich diversity of demersal and pelagic fish.
About 28 percent of the world’s fish catch, nearly 90 million tons, are found in

tropical waters. Bangladesh belongs to the sub-tropical region of the world.
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1.3. Role of fish and fisheries in national economy of
Bangladesh

From time immemorial, ‘Rice’ and ‘Fish’ dominate the diet of Bangladeshi peoples.
Fish (including shrimp and prawn) is the second most valuable agricultural crop in
Bangladesh (WorldFish Center, 2011). From 2004 to 2014, Bangladesh's fish
production increased by 53%. Both marine and fresh water fishes are natural
resources in Bangladesh, which cater to the enormous need of protein and other

nitrogenous constituents (Mahamud et al., 1999).

In the 2013-14 fiscal year, the country produced approximately 35.48 lakh Metric Ton
fish (BBS, 2015). Bangladesh earned 4776.92 crore taka by exporting fish and fishery
products in 2013-2014 (DOF, 2015). Fisheries contributed 4% GDP and 2.09%
foreign exchange earnings in 2013-2014 fiscal years (DOF, 2015). In Asia,
Bangladesh stands fourth in fish production; China is first in fish farming and next
India and Myanmar (FAO, 2015).

Bangladesh is a reverine country and fisheries sector plays an important role in
national economy and also in the national dietics. Fish production in ponds, lakes,
burrow-pits, floodplains, oxbow lakes and semi closed water bodies are increasing
day by day through transfer of modern technology (Ali et al., 2001). It provides not
only nutrition, employment generation, poverty alleviation and foreign currency but

also helps to build up the socioeconomic condition of Bangladesh (Ali, 1998).

In our country about 12 million people are directly or indirectly involved in this
sector. Fish plays an important role in the Bangladeshi diet, it constituting only animal
protein source among rural households (Ferdose and Hossain, 2011; Shamsuddin, et
al., 2012; Azim et al., 2012). Fish alone contributes about 63% of animal protein to
the diet of the people of this country (DOF, 2009). There are 260 indigenous, 24
exotic fish species and 24 species of prawn and also 475 species of marine fish
available so far in the waters of Bangladesh (DOF, 2013).
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Fish as a food in one of the most familiar, popular, tasty and nutritionally enriched
item of food around the world including Bangladesh. As a result of joining and
accepting the policy of global market economy along with so many food items,
garments, pharmaceutical products, so on and so forth fish and fishery products also
get the opportunity to enter in the global market. The processed fish products are
exported to the European countries, U.S.A and Japan. About 95% of total fish
products are exported to those countries. Remaining portion is exported in Southeast
Asia and Middle East.

1.4. Nutritional value of fish

Fish represents an important source of food for mankind throughout the world
(Ravichandran et al., 2010; Sutharshiny and Sivashanthini, 2011). It is a good source
of protein and lipid for the development of our body (Siddique et al., 2011). Fish also
rich in vitamin and minerals for both young and old age consumers (Edem, 2009;
Koffi-Nevry et al., 2011). The important constituents of fish are water (70.0-85.0%),
protein (15.0-20.0%), lipid (1.0-10.0%), ash (1.0-1.5%) and carbohydrate (0.3-1.0%)
(Moghaddam et al., 2007; Sutharshiny and Sivashanthini, 2011) which make it good
and healthy diet and it is easily digested by human body (Marcu et al., 2010).

During the last decades in this century, healthy eating habits have received increased
attention and it is widely recognized that regular fish consumption is one possible
health improving practice (Sidhu, 2003). It also contains some bioactive compounds
with therapeutic properties that are beneficial to human health (Nnaji et al., 2010;
Lordan et al., 2011). Furthermore, some nutritional components such as, fish oil is
one of the most important natural sources of polyunsaturated fatty acids having
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which have been
proven to have useful effects on human body (Saoud et al., 2008). The protection
conferred may be due to Eicosapentaenoic acid (EPA), the omega-3 fatty acid
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typically found in fresh fish oil (Anonymous, 1986). These fats are also needed to
absorb fat-soluble vitamins A, D, E and K from food; and it also regulate cholesterol
metabolism in body (Jabeen and Chaudhry, 2011). Fish has more unsaturated fatty
acid than animal fats. Muscle of fish is largely composed of proteins of the globulin
and albumin classes. Fish protein is more beneficial for human body because it has
amino acids which are good for human body and also have free amino acids
(Buchtova et al., 2010). Compared to mammalian meat, fish meat has more water and
less connective tissue, which contains very little elastin (Kotakowska and
Kotakowski, 2001). Fish are extremely important aspects for health conscious people
particularly in affluent countries, where cardiovascular disease mortality is high
(Huss, 1994). When the whole fish is consumed, it serves as a good source of
calcium, phosphorus and iron, trace elements like iodine (in marine fishes) as well as
vitamins (A and D).

In recent times, fish has been reported as the cheapest source of protein used to
correct protein deficiency in human diets in the tropic region (Akinwumi, 2011).
Arannilewa et al., (2005) and Ojutiku et al., (2009) also highlighted that fish is rich in
protein with amino acid composition very well suited to human dietary requirements
comparing favorably with egg, milk and meat in the nutritional value of its protein.
Fish also contains absorbable dietary minerals (Bruhiyan et al., 1993). Fish demand is
increasing as a result of the increasing world population, higher living standards and
the good overall image of fish among consumers (Cahu et al., 2004).

In Bangladesh, very little work has been done on the presence of macro and micro
elements in freshwater fish, despite such data are important to assess the quality and
safety of fish and fishery products for domestic consumption as well as for export.

The biochemical composition is an important aspect of fish quality and it influences
both the keeping quality and technological characteristics of fish. Currently, the
demand for traceability of food quality and food safety for consumers is increasing
(Olafsdottir, 2005). The chemical composition of food gives its potential nutritive

values. Proximate analysis provides information on the uncertain nutritional
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significance of a particular organism or feed stuff (Crampton and Harris, 1969). So,
the nutritional quality of fish is so high that can help to overcome the severe
malnutrition problem with sharp and sudden shortage of animal protein in the diet of
the people of Bangladesh.

It is necessary to know the composition of fish and its seasonal variation which will
help as in determining the correct preserving method and is important in several ways

in industrial processing of fish (Stansby, 1962).

1.5. Spoilage of fish

Spoilage is a metabolic process that causes food to be undesirable or unacceptable for
human consumption due to changes in sensory and nutritional characteristics (Doyle,
2007). According to Yohanna et al. (2011), spoilage of fish can be due to rapid
autolysis by the fish enzymes, and because of less acid reaction of fish flesh that
favors microbial growth. Fish and shellfish are highly perishable foods and
susceptible to faster postmortem deterioration (Smith and Hui, 2004).

Fish is highly perishable of all stable commodities especially in tropical climate
regions and even in temperate climates of the world because it provides favorable
medium for the growth of microorganisms after death (Aliya et al., 2012; Oparaku
and Mgbenka, 2012).

In the tropics where temperature and humidity of the climate are very favorable for
the growth of microorganisms, spoilage is rapid; fish will spoil within 12-20 h
depending on species, method of capture (Igene, 1983). If they are not processed
immediately after harvesting, certain irreversible spoilage and deterioration of meat
quality begin to take place (Conne, 1995).
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The microorganisms present on fish include those which are associated with the raw
material and acquired during harvesting, handling and processing (Huss et al., 2003;
Abraham, 2011). Fishes are in constant interaction with microorganisms which cause
spoilage and their metabolic activities result in the appearance of slime, gross
discoloration and strong odors and which become offensive to customers (Gram and
Dalgaard, 2002; Paulsen and Smulders, 2003). Fish spoilage occurs following growth
and activity of special microorganisms and lipid oxidation which cause off-odor and
off-taste by production of some metabolites changing sensory characteristics and
customer acceptability (Moini et al., 2009; Rostamzad et al., 2010). Rahman, et al.
(2001) stated that immediately after the fish dies, changes begin to taka place, which
cause loss of quality and value of the products viz: a) Autolytic or enzymatic spoilage
b) Bacterial and c) Physical damage.

The annual fish harvest fluctuates seasonally, with periods of high and low supply. In
Bangladesh each year a large quantity of fish and fish products are spoiled
particularly during the peak season of harvesting. It is estimated that about 30% (
about 3,07,500 mt) of the freshly harvested fish are spoiled every year due to lack of
poor processing and preservation at artisanal fishermen level, while acute shortage
and increase costs of fish are experienced in periods of low harvest (Balachandran,
2001; Ghaly et al., 2010). Moreover, as the transportation and the process of handling
of fish and fish products in Bangladesh are poor, a huge quantity is spoiled during
transportation from one end of the country to other. Therefore there is an obvious
need for development of new technologies and efficient fish preservation methods
which permit shelf-life extension of these products (Chouliara et al., 2004). However
while considering the consumer's risks of health hazards, the study of bacteriological
susceptibility of this perishable fish possess immense nutritional importance in
Bangladesh. Spoilage is associated with Physical, Chemical and Bacteriological
changes of fish which with species, stage of maturity, age and sizes of fish (Rubbi et
al., 1987; Muslemuddin et al., 1991). While working on spoilage Khuda (1960)
indicated the higher spoilage rate in younger fishes. So an attempt was undertaken to
information on the effect of sizes on the spoilage rates both at room and refrigeration

temperature.
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1.6. Importance of processing and preservation of
fishes

The term *fish processing’ refers to the processes associated with fish and fish
products between the time fish are caught or harvested, and the time the final product
is delivered to the customer. Curing is a simple and cheap method of processing;
requiring least technical expertise but it has a great significance and relevance in the
socio-economic system of small-scale fisher folk (Patterson and Ranjitha, 2009). Fish
curing is defined as the method of preserving fish by means of salting, drying,
smoking and pickling.

If not consumed within one day of capture fish becomes unfit for human
consumption, unless subjected to some form of processing (Abolagba et al., 1996). In
order to reduce the wastage and spoilage of fish during periods of oversupply and to
enhance long storage, it is necessary to adopt appropriate as well as affordable
processing and preservation techniques for fish and marketing and during this period
maintain proper quality. It is imperative to process and preserve some of the fish
caught in the period of abundance, so as to ensure an all year round supply.
Application of proper processing and preservation methods help to retard the spoilage
change, invariably reduce post harvest losses, increase the shelf-life of fish, and
guarantee a sustainable supply of fish during off season with concomitant increase in
the profit of the fishermen (Eyo, 1997). Proper handling of the raw material, improved
hygiene and sanitation in the process and improved packaging and storage can
significantly improve the keeping quality and shelf-life of the traditional products
(Nair, 2002).

Acording to Oluborode et al. (2010), preservation process starts when it is harvested
and become complete when reaches the consumer’s table. Inadequate storage
techniques would imply a sustainable shortfall in fish availability thereby affecting
the animal protein intake of the people in the tropics whose protein intake from fish

ranges between 17.5-50% (Arannilewa et al., 2005). Therefore, in order to prevent
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potential future storages in the food supply, the maximum utilization of the existing
catch will have to be assured (ASEAN-SEAEDEC, 2001). According to Whittle
(2002), storage time and temperature are the major factor affecting the rate of loss of
quality and shelf life of fish. Few studies are available which have been carried out in
room temperature but no comparative data are available on various fish of tropical
region. So it is felt desirable to investigate the effect of different temperatures during
storage of these three processed fishes.

In recent years high cost investments had been done in process sector so consumption
of aquatic products are increased. Processing technology has gained importance
because of the structure and being suitable for microbial augmentation of aquatic
products (Oguzhan and Angis, 2013). Good fish preservation techniques must prevent
microbial spoilage of fish without affecting its quality and nutritional value (Ghaly et
al., 2010). In addition, preservation suppresses undesirable chemical and biochemical
changes and helps to maintain the products desirable physical and sensory properties
(Lado and Yousef, 2007).

Traditional fish processing is an important livelihood activity for large number of
people in Bangladesh. The nutrient content of processed fish is very much higher than
raw fish. Traditional preserving methods of fish products have still wide acceptance
around the world due to their accustomed taste and aroma (Kose, 2010). Cured fish
are consumed mainly in tropical countries (FAO, 1981).

With the over growing world population and need to store and transport food, fish
preservation becomes necessary to supply the distant market, to produce a range of
products with different flavors and textures and creation of conditions unfavorable to
the growth or survival of spoilage organisms (Yohanna et al., 2011).

At present there are about 123 fish processing industries in Bangladesh, among which
only 59 are approved by government. The EU countries had banned import of
processed fish from Bangladesh in 1997 due to lack of proper implementation of
HACCP. At the time Bangladesh government had distributed up to 40 lakh taka loan

10
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to each of the processing industries. According to the EU regulations, each processing
industry should have proper facilities to ensure the required quality of their processed
fish. At present 17 fish processing industries have gained approval from EU for
exporting their processed fish to EU countries.

1.7. Methods of preservation

The overall goal in food production is to produce safe and wholesome products.
Different processing methods have different effects on the nutritional compositions of
fish. This is because heating, freezing and exposure to high concentration of salt lead
to chemical and physical changes and therefore digestibility is increased, due to
protein denaturation, but the content of thermo labile compounds and polyunsaturated
fatty acids is often reduced (Chukwu and Shaba, 2009). Preservation and Processing
invariably bring about some change (most of them are irreversible) in the intrinsic
characteristics of the fish. It is a fact that consumers always prefer fresh to preserved
fish. The lack of preference for preserved or processed fish is attributed to some
extent, due to the changes in the appearance, color, texture, taste and flavor
accompanying the processing involved. The severity as well as the irreversibility of
the changes will depend on the type of the preservation/processing technique the fish
has been subjected to.

The developments in fish processing technology over the years have been oriented
towards presentation of preserved/processed products with characteristics closely
resembling to those of the fresh fish. There are various methods of fish preservation,
many of which are only of local importance.

The methods which are widely applied include the following:

A) Dehydration: drying, salting, pickling, smoking.

11
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B) Lowering the temperature: Chilling with ice, Freezing and refrigeration, Storing in
cold storage, deep freezing and freeze drying.
C) Rising the temperature: Canning.

According to Alam (2007) the simplest methods being employed are drying, salting,

and semi-fermentation.

1.8. Salting as processing and preservation method of
fishes and its importance

Salting is one of the oldest and commonly used processing techniques for fish
preservation all over the world because of simplicity of the process and low
production cost (Martinez-Alvarez & Gomez-Guillen, 2013) and the ease of
combining it to other preservation methods, such as marinades, drying or smoking
(Fuselli et al., 2003; Yeannes and Casales, 2008). The preservative effect of salt has
been recognised according to a decrease in water activity, less availability to
microbial attack, and enhancement of functional properties, leading to an increase of
the shelf-life time (Aubourg and Ugliano, 2002). A concentration of 6-10% salt in fish
tissue can prevent the action of most spoilage bacteria. Length of salting period as
well as salt concentration depends on the expected final product (Bellagha et al.,
2007).

Though the technology of food preservation and processing has undergone
revolutionary changes over the years and several new products processed employing
diverse techniques have made their firm presence on the market, salting still continues
to be the most widely used method for preservation of several foods including fish.

The salting of herring was probably first practiced in Scotland in the eighth century.
Afterwards in the fourteenth to sixteenth centuries this method was improved by the

12
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Dutch and Scotch and also by the Russians (Jarvis, 1950; Cutting, 1955). Salting is a
method that has been used for centuries and in many places around the world such as
Asia, Europe, Africa and Latin America (Wang et al., 2000; Doré, 2008).

Egbal et al. (2010a) opined that, salt is effective to reduce water activity (aw), to
destroy the growth of microorganisms and to increase the shelf life. It also provides
desirable sensorial changes and ensures the safety for human consumption. The
current demand for salted fish is driven more by sensorial alteration purposes, rather
than preservation (Mujaffar and Sankat, 2005). The high concentration of salt has

been shown to prevent microbial spoilage in similar products (Andersen et al., 2007).

Being a safe, antimicrobial and incidental food additive, toxic for some
microorganisms, depressor of water activity (aw) of the food, sodium chloride has
been used as a seasoning and flavor enhancer as well as a preservative or curing agent
even in developed countries (Leroi and Joffraud, 2000; Lakshmanan et al., 2002;
Basti et al., 2006; Turan et al., 2007). Salt causes plasmolysis and alters protein and
enzyme states in such a way that proteins become impervious to enzyme action and
lose their efficacy. It also has bacteriostatic and bactericidal effects (Ismail and
Wootton 1992).

In India, Bangladesh, Burma, Thailand and Sri Lanka salting of fish is popular. In
some countries e.g. Malaysia, Indonesia and some parts of India salting is followed by
drying. In Japan almost all of the salted fish are dry salted except brine salted salmon

for subsequent later smoking (Tanikawa et al., 1985).

Salting is usually done by one of the four methods, dry salting, pickle salting, mixed
salting and brine salting. A number of variations in the method of salting have arisen,
thus in some areas the fish are used whole or are eviscerated in different ways. The
amount of salt used and method of application is varied according to where the fish
are caught and to their maturity. The objective of salting is to ensure that the salt

penetration is rapid enough to similarly lower the water activity in the deepest parts of
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the flesh. On completion of the process, a saline equilibrium between the muscle and
the surrounding salt solutions is achieved.

In Bangladesh, the quantity of exported salted, dried and dehydrated fish products was
2,895 metric tons in 2013-2014 fiscal year, which valued Taka 51.32 crores (DOF,
2015).

Year wise (2004-2014) annual export of salted, dried and dehydrated fish products are
given in Figure 1.8.

Anual Export (MT) of salted, dried and dehydrated fish-products
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Figure. 1.8. Year wise annual export of salted, dried and dehydrated fish

products

Although the method is well known to the fisherman, the effects of preservation on
the quality of the products and scientific know-how are unknown to them. The quality
of the traditionally salted fishes made by the fishermen is not quite good, due to their
ignorance, unawareness and hence not practically suited for healthy reason. For the

traditional long term preservation, salting is done without considering the quality of
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the final product and the products that marketed are slimy and have unsavory
appearance. It does not have universal acceptability. But the main importance is to
preserve the fish well for a longer period of time, which can ensure the quality of the
products acceptable and good for public health. This can be achieved by improving
salting and storage techniques. The most important prerequisite to develop
infrastructure for handling, storage, transport and marketing of a product is to know
how long each particular product will remain in edible condition. Such information on
salted fish products has not yet been accumulated over many years in the past by the
technological research institute of Bangladesh. It is most urgent that this knowledge
be acquired as much as possible in order that rational development of an industry can
take place.

In our country, fish is the main source of dietary protein, and salted fish is an integral
part of diet. With increasing demand in the most countries for high quality salted fish,
a potential large commercial market is already established. To satisfy this market,
practical ways to increase the production of salted fish are needed. Not only more
efficient production technique necessary, but also these techniques should be adapted
to a variety of fish species to broaden the source of raw materials.

1.9. Use of Turmeric as a newly introduced element in
Salting

Turmeric (Curcuma longa) rhizome, an important tropical spice, which is a member
of the ginger family Zingiberaceae (Aggarwal et al., 2005). The rhizomes of turmeric
provide a yellow, flavorful powder when dried and ground and have long been used in
Chinese medicines (Joshi et al., 2009).

Turmeric is used as a food additive, preservative and coloring agent in many other
Asian countries, including China and South East Asia (Aggarwal et al., 2003;
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Chattopadhyay et al., 2004). This spice commonly used to impart yellow color at
household level, mostly for spicy preparation, is widely used due to its typical flavor
and taste and its extract have various beneficial effects on human health (Nishiyama
et al., 2005).

Now a days, many natural pigments are used not only as food coloring, but also as a
substance that promotes health and well being by preventing or even healing diseases
(Amin et al., 2010). Turmeric is also known to have antibacterial properties and
pharmacological activities (Sampathu et al., 2000; Egan et al., 2004; Haniffa et al.,
2006; Sasmal and Abraham, 2007). Curcumin, used in Indian cooking and credited
with therapeutic properties (D’Souza and Prabhu, 2006).

In Bangladesh, turmeric is cheap, easily available and is considered as one of the
important ingredient for cooking any kind of dish. Even in some parts of Bangladesh,
rural people usually use turmeric for short time preservation of small sized fishes.
But, there is very little scientific information about the use of turmeric in fish
preservation. Due to the consumer awareness of chemical preservatives, extensive
studies are being made on natural preservatives for preservation of meat and fish

products.

The present research activities investigate on the effectiveness of the combination of
salting and drying process which includes a newer dimension of salting by addition of
turmeric with salt as preservative. This investigation on combination of salting and

drying process had been termed as “turmeric treated sun-dried salting” (SDS+T).

For better understanding of the methodology of application of turmeric with salt and
then drying of the salted fishes to preserve fishes, its performance had been compared
with other general salt curing methods those were dry salting, pickle curing, brine
salting and sun-dried salting methods as well as their quality assessment have been

done at different storage conditions.
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1.10. Selected fish species and cause of selection

Among the freshwater fish species, Shol (Channa striatus) and Taki (Channa
punctatus) are snakehead fish belonging to the Channidae family. They are delicious,
nutritious and popular to the consumers as well as bear high market price. They are
indigenous to many tropical and sub-tropical countries and are fresh water, air
breathing, carnivorous fish, which are a valuable source of protein throughout the
Asia Pacific region (Mohsin and Ambak, 1983). These fishes widely consumed
throughout South-East Asia, China and India for its biomedical properties (Mat Jalis,
2007) and reputed positive effects on wound healing (Mat Jais et al., 1997; Baie and
Sheikh, 2000). Channa spp. fish possess anti-inflammatory (Somchit et al., 2004) and
pain reduction (Burstein et al., 2000; Zakaria et al., 2004) properties due to its high
levels of arachidonic acid and key amino acids such as aspartic acid, glycine and
glutamic acid that are also the key ingredient for polypeptide formation which is
responsible for growth and wound healing (Zuraini et al., 2006).

Another popular lean catfish Mystus tengra (Tengra) is selected for the present study
which is one of the sole species of family Bagridae and a common catfish of the
commercial catches of Bangladesh. These fishes have unique test and high demand
from all corners of the country as these are economical in price and full of nutrients
especially animal protein and fats. The small sized fishes (e.g. tengra) are eaten along
with bones which are rich in calcium and eyes which are rich in vitamin A (Roos et
al., 2002). The calcium obtained by eating whole small fish is equivalent to the
amount of calcium obtained from milk (24+ 6% small fish, 22 + 6% milk) (Larsen et
al., 2000).

These types of fish are acceptable to all sections of people because of its palatability
especially during autumn and winter when they have high oil content.

17


Anis-pc
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository Chapter-1
Introduction

In Bangladesh, the fatty fishes are generally used for salt-curing. But in the present
research work, the above mentioned fishes are selected because these fishes
considered widely accepted and preferred by the peoples and they need these fishes
when these are not available. Moreover, these fishes are sufficiently fatty. To make
these fishes available in off seasons, attempts have been made to cure them using
commercial salt. Besides, these highly accepted fishes are not yet tried to preserve

using salting or in any other forms.

1.11. Fish collection point (Meghna River)

The sampling sites (fish collection point) were selected at the Meghna River. The
River Meghna is one of the major rivers of Bangladesh, especially famous for its great
estuary that flows of the Ganges-Padma, the Brahmaputra-Jamuna and the Meghna
itself. Spots were randomly selected from Bhairab branch of Meghna River and fish
were collected from these sites. The sites were selected on both sides of the river just

adjacent to the Bhairab Bridge.

The water of the selected zone was clear and not polluted and abundant fishes were

available there.

Location of fish collection point is shown in map (Figure 1.11).
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1.12. Advantages

Regarding our existing resources, salting is an effective preservation method which

can provide the following advantages:

1. Salted fish has a universal appeal to the consumer for its excellent flavor, lucrative
color, and taste.

2. The method can be approached easily.
3. It is an effective and cost minimizing preservation technique.

4. It does not require any major equipment or machinery; it can be done almost
anywhere throughout the year.

5. Moreover, the ingredients such as table salts are abundantly available in our

country.
6. Salt hinders the growth and multiplication of spoilage microorganisms.

7. It keeps the fish in edible-form for a longer period of time compared to other

preservation methods.

8. It has an additional advantage that refrigeration is not often necessary for the
transportation and storage of salted fish.

9. In recent years a considerable amount of foreign currency is also earned through

exporting salted and salted-dried fish-products.
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1.13. Justification of the research work

1. Development of age-old salt curing techniques for its improvement to the

processors.
2. Hazard-free and quality consumable products may be ensured to the consumers.
3. Nutritional aspects of the cured fish may properly be assessed.

4. To make the traditional products more attractive to the consumer and increase the

shelf-life of these fish-products.

5. To provide high quality products to assure a good sell, more loyal to customer,

increased income and wide marketing.

6. To fulfill nutritional and national goals of developments and decrease of

unemployment and poverty.

1.14. Objectives of the research work

The main aims and objectives of the present study includes-

1. To explore the feasibility of preserving indigenous fishes like- shol, taki, tengra,

their ability to be preserved in consuming state.

2. Study on the bio-chemical analysis, mineral contents and total bacterial load of
fresh experimental fishes - Shol (Channa striatus), Taki (Channa punctatus) and

Tengra (Mystus tengra) used in salting methods.

3. Preparation of different types of salt cured fish products.
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4. Preparation and taste testing of ‘Fish-curry’ from different types of freshly
processed salt cured fish products.

5. To study the effectiveness of different types of salt-curing methods by assessing
nutritional quality, chemical analysis, minerals-composition, total and halophilic
bacterial count of freshly prepared salted fish-products.

6. Shelf life study using sensory characteristics and sensory scores and quality
assessment of the salted fish products stored at ambient (26-32°C) and
refrigeration (4°C) temperature to determine the ideal storage condition of
different salted products.

7. To develop high quality salted fish-products and to explore the possibilities of the
best method used for salt-curing in accordance with the observations and findings

of the present study.

Besides above objectives, peer concentration should be made in order to know some
different aspects related to this experiment.

Several works has been done in biochemical and microbial quality of different kinds
of freshwater fishes only, but very few work have been done on the shelf life study of
salted and salted dried fish products. Thus the present investigation was carried out to
determine the overall shelf life quality of three freshwater fishes (taki, shol, tengra)
treated with different salting process.

The purpose of the present study is to develop an efficient and effective model for
curing of various fish species using cheapest ingredients (like salt, turmeric) for the
production of high quality end products and transfer the technology to the rural small-
scale fisher folks all over Bangladesh.
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CHAPTER-2
REVIEW OF LITERATURE

Salt curing method (salting) is one of the oldest and traditional methods of fish
preservation and have been used since time immemorial throughout the world
including Bangladesh. In our country, this easy and cheap method is used mainly for
preservation of fatty fishes. Informations are available regarding the various aspects
of salt preservation of Herring (Clupea herengus), Cod (G. gadus), Mackerel
(Scomber japonicus), Hilsa (Tanualosa ilisha) that may forecast different information.
Although much research has been conducted on the effect of salting on the quality
parameters of these fish-species, very limited reference concerning the shelf life of
salted and sun-dried salted fishes has been found in the literature. Therefore, the
objective of this research work was to investigate the shelf life and changes to the
sensory, proximate, chemical, mineral and bacteriological parameters of five types of
salted Shol, Taki and Tengra fishes, as well as the quality characteristics of these
salted fish-products during storage both at room and refrigeration temperature.

The literature reviewed here includes few works on salting and salted-products of
those species, which are considered to have direct relationship with the present
research work. The literature available also reveals that such information has not been
accumulated much in the past in our research institutes in Bangladesh, although the
shelf life of fishes is very important to develop marketing infrastructure and reduction
of post-harvest losses of the commercially important fishes. Unfortunately precise
information related to salted fish-products was scarce. The literature thus reviewed
here necessarily includes studies conducted with salted and sun-dried salted fishery
products prepared from other fishes, which are considered pertinent to the present

study.
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2.1. Spoilage of fish and its cause

After catching the fish from the water, a series of deteriorative changes starts which
eventually render the fish unacceptable. These undesirable changes occurred initially
by autolysis followed by microbial action. Due to the action of bacterial and chemical

changes, the fish starts to spoil and finally become putrid.

» Borgstrom (1965) reported that as the fish spoils and finally becomes putrid, the
surface loses its bright-color and becomes covered with a thicker slime, which
grows increasingly turbid and lumpy. Finally the color of the slime becomes
yellow or brown. The eyes gradually sink and shrink, the pupil becoming cloudy
milky and the cornea opaque. The flesh gradually softens until it is easily stripped
from the backbone and exudes juice under light pressure. If the fish are not gutted
soon after catch the powerful digesting enzymes present in the gut attack the
viscera and belly wall, causing discoloration, so called "Belly burn”.

» Daramola et al. (2007) reported that chemical breakdown of protein, fat and
water contents contribute to rapid spoilage of fish.

» Frazier and Westhoff (1978) reported that fish and other seafood may be spoiled
by autolysis, oxidation or bacterial activity or most commonly by combination of
these. Fish flesh is considered more perishable than meat because of the less acid
reaction of fish flesh that favors microbial growth. The greater the load of bacteria
on the fish, the more rapid the spoilage.

> Huss (1994) reported that most infections appear to be related to contamination of
water or handling of food in unhygienic conditions.

> A large number of fishery resources are simply wasted due to the lack of post
harvest technology (James, 1984).

» Fish are highly perishable, and they will spoil rapidly if improperly handled. Fresh
iced fish generally are spoiled by bacteria, but dried fish are usually spoiled by
fungi. In addition to microbial spoilage, fish that contains high levels of lipids (ex-
salmon, herrings, and mackerel) are prone to oxidation and become rancid as

microbial spoilage occurs (Jay, 1992).
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» Reay and Shewan (1949) mentioned that freshly caught fish have a shining
iridescent surface covered with nearly transparent, uniformly and thinly spread
slime. The eyes are protruding, bright with a jet of black pupil and transparent
cornea. The flesh is soft and flabby, tending to retain finger indentation. Soon
after death when the body stiffens (rigor mortis) the flesh become hard and firm.

» According to Regenstein and Regenstein (1997), the greater the change in
temperature, from the water to icing procedure, has a greater effect on the
metabolism of the fish by slowing the postmortem biochemical changes. The rate
of a fish's enzyme activities is optimized for its own normal ambient temperature;
a marked decrease in temperature also slows this rate significantly. In absence of
ice, tropical fish spoil much faster than temperate water fish because of the more
rapid growth of non-psychotropic spoilage bacteria.

» The "Spoilage" potential is related to sensory impression and attributes of a
product, particularly to the development of off-odor and off-flavor. The spoilage
micro flora can be tested for their ability to produce compounds associated with
spoilage and to cause rejectable off-odors. Spoilage potential of a bacterium native
or invading a fish and other foods of aquatic origins after death depends on its
specific nature i.e. on its genera and species (Sen, 2005). He also stated that
different bacteria have different temperature optimal for survival and growth.

Thus, the storage temperature also determines which cause spoilage.

2.2. Quality and quality changes of fish

» Ababouch (1995) reported quality changes in Sardines (Sardinia pilchardus)
stored at ambient temperature.

» Ahmed et al. (1981a) found that the changes in quality were studied by chemical
method and sensory evaluation, storage at higher temperatures was found to have
a more deteriorating effect on quality than at lower temperature.
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» Ahmed et al. (1986b) found that the quality of highly perishable flesh food like
fish continuously changes during storage. Although, application of modern
technology can reduce these deteriorative changes, it can not stop them altogether.

> Generally, the consumers will pay more for fish that they consider to be higher
quality. Connell (1975) described the quality of food can be determined by the
characteristics which make it acceptable to the consumers. The quality of fish is
very important to the fish traders as well as the consumers.

> Dyer (1986) examined that water temperature, food supply, breeding cycle, size
of the fish and the way in which they were killed affect the chemical-composition
and quality of fish.

> Fatima et al. (1988) stated that, fish quality depends upon a number of factors
including storage time and storage temperature. As the storage temperature of
fishery products is lowered, the storage life is increased.

» Joseph et al. (1986) studied the chemical, bacteriological and organoleptic quality
of cured fish of tamilnadu coast. They reported the main defect of the cured
product, which were found to be unhygienic processing, inadequate salting, use of
poor quality salt and incomplete drying.

» Quality has been defined as degree of excellence and includes such things as taste,
appearance and nutritional content. It might also be said that quality is the
composite characteristics that have significance and used for acceptability
(Joseph and Norman, 1996).

» According to Mansur (2012), fish quality is all those attributes which fish eater or
buyer consciously or unconsciously consider or expect to be present in fish in
terms of nutritional benefit, dietary satisfaction and that it does not contain any
harmful bacteria or pathogen and that it is caught from unpolluted water.

» Muslemuddin et al. (1983) noted that quality changes were estimated by
organoleptic method and also by objective parameters such as loss of water
holding capacity and protein solubility.

» Once fatty compounds are oxidized, the breakdown products of lipid oxidation
potentially can react with proteins and vitamins, leading to a loss of nutritional
value and quality of the fish (Pokorny, 1981).
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» Shewan and Liston (1955) stated that, the keeping quality of fish depends on the
species of fish, fishing methods, size, seasons and fishing grounds.

» Shewan (1961) reported that the correlation, described above of the organoleptic
with the bacterial and chemical data suggests the possibility of objectively
assessing the quality of fish.

» Storage time and temperature are the major factors affecting the rate of loss of
quality and shelf life of fish (Srinivasan et al., 1997; Whittle, 1997).

> Because of their unsaturated nature, fish body oils are susceptible to oxidation and
also easily develop rancid and unacceptable odors and flavors during storage
(Waterman, 1976).

2.3. Methods for estimating the quality of fish

» Ahmed (1988) observed that degree of spoilage or estimation of quality was
determined by there parameters (i) Sensory scoring, (ii) Total volatile nitrogen
(TVN) and (iii) Trimethylamine (TMA).

» Joarder (1974) studies the qualities of the preserved fillets by Chemical, Physical
and sensory examination. The freshness of fish flesh was determined by simple
organoleptic methods and by estimation of trimethylamine. The quantitative
changes of the bacterial population of various stages of preservation were also
determined.

» Methods for assessing the quality of fish are needed so that quality controls and as
assurance systems can be properly regulated and monitored (Wheatson and
Lawson, 1985; Suwanrangsi, 1995; Clucas and Ward, 1996).

There are various methods for assessing the quality of fish, but the followings are
most widely used:

27


Anis-pc
Typewritten text
Dhaka University Institutional Repository


Chapter-2
Review of Literature

(i) Organoleptic or sensory evaluation:

» Ahmed et al. (1986b) found that organoleptic test suitable for the assessment of
spoilage while chemical assessment did not give reliable indication.

> Another study by Akter et al. (2013b) reported that for fish ball prepared from
frozen stored Thai pangas, produced moderate to low quality products where their
quality parameters including texture, flavor and color of the fish flesh was
affected by the quality of the raw material.

» According to Al-Aswad (2000), the sensory evaluation considered as one of the
important tests used for general acceptance of meat, consumer desire; this includes
flavor, tenderness, juiciness and general acceptance. Although the fish muscle
have great nutritional value so the consumption can be increased by improving the
palatability through flavor, smell, color, appearance, juiciness and tenderness.

» Off-odors and off-flavors, slime formation, gas production, discoloration and
changes in texture are obvious signs of spoilage (Huss, 1994).

> Nair et al. (1971) studies that the quality characteristics considered for fish were
odor, flavor, texture and color. The average score for each quality factor and the
overall mean score for the samples were calculated.

> Parisi et al. (2000) have studied that, sensory analysis, is of vital importance to
the fish industry, for assessment of products freshness. Fish consumers expect a
product that is safe and has good appearance, odor, taste and texture and their
decision to purchase a fish product is based first on appearance, followed by
flavor and then texture.

» Punna Reddy et al. (1991) observed that the TVN, TMA and Amino Acid
Nitrogen values along with the microbial counts significantly influenced the
organoleptic quality.

» Telesara and Kiran (1984) noted that the texture of fish muscle undergoes
changes at low temperature-which are mainly toughening and loss of

gelatinousness.
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(i1) Chemical Method:

a) TVB-N:

The study of many investigators about the test for volatile bases as a means of

spoilage change came forward:

> Botta et al. (1984) examined six different methods for determination of TVB-N in
relation to assessment of the quality of fresh cod.

» Connell (1995) observed that the upper limit of 30 mg TVB-N per 100 gm of fish
muscle as acceptable limit for fresh water fish.

> Egan et al. (1981) reported that, a level of 35mg N/100g of fish is regarded as
unfit for consumption.

» EI-Marrakchi et al. (1990) stated that TVB-N value is affected by species,
catching season and region, age and sex of fish.

> Fatima et al. (1988) stated that TVB-N found in small quantities in fresh fish
flesh, and TVB-N during storage is consistent with the pattern of changes in
bacterial counts. The levels of these compounds are primarily responsible for the
fishy odors which increase as spoilage proceeds.

> Gokoglu et al. (1998) observed that during the frozen storage (4°C) of Sardine
(Sardina pilclardus) TVB-N and TMA-N increased.

» The quality classification of fish and fish products regarding TVB-N values would
be ““high quality” up to 25 mg/100 g, ‘‘good quality” up to 30 mg/100 g, *‘limit of
acceptability” up to 35 mg/100 g, and “*spoilt” above 35 mg/100 g (Huss, 1995;
EU/EC, 2008; Gulsun et al., 2009; Amegovu et al., 2012).

> Hye et al. (1990) observed that total volatile base nitrogen (TVB-N) was found to
increase with the increase of storage life of Hilsa fish.

» Karara et al. (1984) found the limit of acceptability of TVB-N value 40
mgN/100g for fresh water fish.

» The concentration of TVB-N in freshly caught fish is typically reported to vary
between 5 and 20 mg/100 g (Muhammet and Sevim, 2007).
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» According to Orban et al. (2011), TVB-N is considered as an indicator of
spoilage of fish muscle tissues, and mentioned that has non-significant correlation
between TVB-N and the storage period, and between TVB-N and the sensory
quality of fish.

» According to Rehbein and Oehlenschlaeger (1990), TVB-N value the some of
nitrogen bases (ammonia, di-methylamine, try-methylamine, di-ethylamine) is
influenced by fish species, types of fishery products and storage condition.

» Rubbi and Rahman (1986) stated that, fish became unacceptable by the total
sensory test when TVB-N values increased to about 40 mgN/100g of fresh fish
(Immediately after death).

» The degree of spoilage in fish, as characterized by the production of TVB-N or
other volatile bases, is different for each species and related to the type of
processing and duration of storage. This is so because the composition of fish
muscle varies from species to species, which is evidently reflected in differences
in the course of decomposition (Sadok et al., 1996).

> In case of TVB-N value, the upper limit for acceptability has been drawn at 30
mgN/100g of fish muscle above which fishery products are considered unfit for
human consumption (Sikorski et al., 1989).

» Varma et al. (1983) reported that the TVB-N values increased proportionately
and value of TVB-N in iced Tilapia was less than the TVB-N value of Tilapia

stored at room temperature.

b) Free fatty acid (FFA):

Fish tissues have lipases and phosphor-lipases that remain active both store in room
and refrigeration temperature yielding free fatty acids (FFA) during enzymatic
hydrolysis. The FFA formation itself does not lead to nutritional losses.

» Han and Liston (1988) reported that, FFA are known to cause texture
deterioration by interacting with proteins and have been shown to be strongly
interrelated with lipid oxidation.

» According to Molla et al. (2007), the percentages of free fatty acids (above 1.5%)

are the determination or indication of unsuitability of the lipid for edible purpose.
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(i1i) Bacterial Method:

» Mowlah and Mowlah (1990) Observed that the bacterial counts were increased
when fish kept at room temperature.
» Shewan (1949) mentioned that the estimation of the total bacterial load should be

capable of correlation with the degree of spoilage.

2.4. Biochemical composition of fish

It is very important to know the biochemical composition of the flesh of fish in order
to ascertain its nutritional quality and to determine the proper condition of its
processing and preservation. The principal biochemical contents of fish flesh are
water, protein, fat and ash. The nutritional status of fish varies due to different factors.
There are many reports on the biochemical composition of fresh water and marine
fish throughout the world. A brief description of the reports from several workers is

given here:

» Abolude and Abdullahi (2005) reported that, the value of the ash content ranged
between 3.85 to 7.97% when studied the proximate analysis and mineral contents
in the components of Clarias garipeneus.

» Adewumi et al. (2014) studied comparative analysis of the proximate and
elemental compositions of four species of fish; C. gariepinus, P. obscura, T. zilli,
and T. galilaeus, they belong to the high-protein, high moisture and low-oil
category.

» Ahmed et al. (1981b) found that Tilapia nilotica contained 22.10% protein,
1.32% fat, 1.72% ash, and 74.86% moisture. Female fish contained less protein,
fat and ash than those of male fish.

» Food is the main source of energy for all living organisms. Fish and fishery
products have got their supremacy to human consumption for their excellent
protein source. Besides protein (15-24%), fish flesh also offers fat (0.1-22%),
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minerals (1-2%), vitamins (A, D, E and B) and other essential nutrients.
Freshwater fishes are important source of essential macro and micronutrients,
which is found to be chronically scarce in Bangladesh (Ahmed and Hasan,
1982).

Al Habib (1990) estimated the protein content of six fresh water fishes and these
fishes contained 11-16.75% protein.

Begum and Minar (2012) studied the body composition of different SIS
commonly available in Bangladesh. In the study they found the moisture content
was 76.01%, 77.91% and 75.46%; protein content was 16.78%, 17.31% and
18.17%; lipid content was 4.55%, 3.59% and 4.5% and ash content was 1.70%,
1.68% and 1.54% of G. chapra, C. soborna and A. punctata respectively.

Begum et al. (2012a) reported moisture, protein, fat and ash content in P.
hypothalamus was 78.29%, 12.78%, 16.55% and 1.78% respectively.

Beirao (2000) reported that the chemical composition of the eatable parts of fish,
crustaceans and mollusks found 25% ashes and these compositions varies with the
species nutritional state, seasonality, age and gonadal condition.

Bijayalakshmi et al. (2014) estimated the proximate composition of A. mola and
moisture and lipid content was found to be 5.4% and 77.19% respectively.

Bogard et al. (2015) reported the moisture, protein, fat and ash content was
81.3%, 16.5%, 1.3% and 1.1% in C. batrachus; 79.2%, 19.1%, 1.9% and 1.0% in
H. fossilis; 65.5%, 16.0%, 17.7% and 0.9% in P. sutchi; 76.8%, 16.8%, 5.1% and
1.0% in M. cavasius respectively.

Chakraborty et al. (2003) observed that, the proximate composition of fresh
chapila 77.51% moisture, 15.59% protein, 3.58% fat and 2.75% ash and tengra
78.54% moisture, 17.01% protein, 2.15% fat, 2.06% ash content in edible portion.
He concluded that the freshwater fishes of Bangladesh mostly belong to high
protein-low oil and medium oil group.

Chandrashekhar and Deosthale (1993) found that a wide variation existed
between species in protein content (marine 8% - 21% and freshwater 13.5%-
17.3%) and fat content (marine 0.7-14.7% and fresh water 0.6-1.3%).
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According to Chukwu (2009), mean moisture, protein, lipid, ash, fiber contents of
raw tilapia fish (Oreochromis nilotius) were 70.15+ 0.04, 23.06+0.04, 12.85+0.05,
28.16+0.02, 1.91+0.01 respectively.

The crude protein of fresh fish ranges between 14-20% and higher levels are
obtained during winter season (Clucas and Ward, 1996).

Dempson et al. (2004) stated that the percentages of water are good indicator of
its relative contents of energy, proteins and lipids. The lower the percentage of
water, grater the lipids and protein contents and higher the energy density of the
fish.

Devadasan et al. (1978) determined the proximate composition of Labeo rohita,
Catla catla, Cirrhinus mrigala, Labeo calbasu, Mystus seenghala and Wallago
attu. They found moisture content in the above raw fishes was 77.71, 76.28,
77.47, 76.26, 80.83 and 77.11% respectively. The protein content was 19.60,
17.74, 18.72, 16.66 and 15.76% respectively. The protein content was 19.60,
17.74, 18.72, 16.66 and 15.76% respectively. The lipid content was 1.83, 1.32,
2.89, 1.19 and 3.16% whereas the ash content of the fishes was 1.31, 0.93, 1.40,
1.03, 0.91 and 0.72% respectively.

FAO (1991) reported that normally fish contains 72% water, 19% protein, 8% fat,
0.5% calcium 0.25% phosphorus and 0.1% vitamin A, D, B and C etc.

Fawole et al. (2007) studied the proximate composition of O. niloticus, S.
galilaeus, C. gariepinu and H. niloticus and show encouragingly high crude
protein contents of 38.40%, 41.28%, 44.28% and 46.28% respectively.
Gheyasuddin et al. (1979) determined the proximate composition of some
important fishes of the Bay of Bengal such as silver pomfret (Stromateus
cinereus), ribbon fish (Trichurus haumela), Indian salmon (Polynemus indicus)
and Bomby duck (Harpodon nehareus). The moisture content of the above fish
species was 78.70, 77.34, 77.24 and 82.21% respectively. The protein content was
16.70, 16.60, 17.67 and 15.10%. The lipid content was 2.10, 2.52, 2.61 and 1.53%
whereas the ash content was 1.95, 2.60, 2.40 and 1.20% respectively.

Gopalan et al. (2007) determined the moisture content in Mystus vitatus, Labeo
rohita, Calta catla, Puntius sp. and they obtained the result as 70%, 76.2%,
73.2%, 70% and 75% respectively. They also observed that Mystus vitatus
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contained 6.4% fat and 18.85% protein, Mystus bleckeri contained 2.73% fat and
18.8% protein, A. mola contained 4.1% fat and 18% protein. Catla catla contained
2.4% fat and 19.5% protein and Puntius sp. contained 2.4% fat and 18.1% protein.
Govindan (1985) analyzed the amount of protein content that was present in
different fishes from both the fresh water and marine environment and he obtained
that fish contained 9-25% of protein and in most cases the limit was 16 to 19%.
Hossain et al. (1999) studied the maximum and minimum protein contents among
the seven species and found that, higher protein contents were in A. testudineus
(19.63%) and in C. punctatus (19.13%) whereas lower values were found in C.
batrachus (14.87%) and in M. vittatus (15.62%).

Irianto and Irianto (1997) reported that Nile Tilapia in Indonesia contains
percentage of moisture, protein, fat and ash 76.8, 20.1, 2.2 and 1.0 respectively.
Islam (1977) determined the proximate composition of fresh silver Jew fish
(Otolithes argenteus), ribbon fish (Trichiurus haumela), Jwelled shad (llisha
fligera) and dog fish (Scoliodon sorrakowha). Moisture content of these fishes
was found to be 78.20, 79.29, 77.22 and 81.75% respectively. Protein contents
were 16.31, 17.81, 16.26 and 20.93%. Lipid content was 2.47, 2.68, 3.10 and
0.92% and ash content was 3.20, 3.60, 3.30 and 2.40% respectively.

Islam et al. (2003) experimented on the nutritional composition of a popular fresh
water species Cirrhinas reba and found that the ash content of this species was
1.7%

According to Islam and Joadder (2005), seasonal variation in the percentage of
the proximate composition of male and female Gobi fish (Glossogobius giuris)
was found in the range of moisture 78.05 to 80.26% and 79.08 to 81.41%; Protein
14.09 to 16.03% and 14.08 to 15.56%; fat 0.95 to 1.52% and 1.06 to 1.82%; ash
2.15 to 2.92% respectively. He concluded that, G. giuris is a ‘low fat-high protein’
fish.

Islam et al. (2010) investigated the proximate composition of Odontamblyopus
rubicundus commonly known as ‘Lal Chewa’ collected from the Meghna river
estuary and Moisture (77.427 = 0.18%), protein (15.135 + 0.02 %), fat (5.273 %
0.15%) and ash (2.035 + 0.16%) contents of this fish were measured.
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Islam et al. (2012) found the percent of moisture content of whole A. mola was
75.79 + 0.88 and protein, lipid and ash content was 15.40 + 0.24%, 5.48 + 0.02%,
1.60 £ 0.006% respectively.

Joseph et al. (1992) reported that proximate composition of Hirundichthys
coramendelensis was moisture 77.17%, protein 20.38%, fat 0.30-0.50% and ash
0.92-1.29% and Cypselurus suttoni contains moisture 76.29%, protein 20.88%, fat
0.55-1.27% and ash 0.84-1.18%.

“Deshio Khadyadrobyer pustiman” published by Institute of Nutrition and Food
Science (Kamaluddin et al., 1980) reported that freshwater fishes contained 70-
80% moisture, 15-18% protein, 0.1-8% fat.

Khuda et al. (1962) estimated that the amount of moisture and ash content in
Puntius sophorae and they observed that the fresh fish contained 77.14% moisture
and 1.48% ash. They also estimated the amount of protein content on the two
stages of growth of Labeo rohita, Cirrhina mrigala and Labeo calbasu and they
found that in the cases of groups of fishes ranging from 55.5-78.5 gm, body
weight and the crude protein level varied from 17.18% to 19.56% but, for higher
body weight from 10.9-16.8 gm. They again reported that the decrease in protein
and moisture content and increase in fat content were related with the increase of
age, in case of carps.

Latifa et al. (1981) reported protein 19.28% and 24.0%, Moisture 83.11% and
82.10%, fat 3.84% and 2.40%, ash 13.97% and 19.83%, in adults and juvenile of
Puntius stigma respectively.

Martin et al. (1995) studies on Europian catfish for proximate composition and
reported that fat content varied with season and averaged 3.3% (range 0.6-8.6).
Mazumder et al. (2008) analyzed the proximate composition of some small
indigenous fish species. Protein was estimated in A. mola (18.46 %), G. chapra
(15.23 %), P. chola (14.08%), C. nama (18.26%), P. atherinoides (15.84%) and in
A. coila (16.99%) respectively. Fat content was recorded as 4.10%, 5.41%, 3.05%,
1.53%, 2.24% and 3.53% respectively in the six species of fish. The highest level
of moisture content was found in C. nama (78.62%) and the lowest was in A. coila
(65.88%). The percentage of ash content was highest in C. nama (3.92%) and
lowest in G. chapra (1.55%).
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According to Molla et al. (2007), Bangladeshi fresh water fish Mystus vittatus
was found to contain moisture 76.98%, protein 10.94%, lipid 1.89%, ash 1.01%
and calcium 521.072 mg/100g respectively.

Mustafa et al. (2012) stated that, the average moisture, protein, fat and ash
contents of fresh hilsha and sarputi were 69.36+0.71% and 71.39%0.61%,
19.56+0.44% and 16.73+0.92%, 9.49+0.54% and 9.0+£1.09%, 2.27+0.16% and
2.02+0.24% respectively.

Proximate composition generally comprises the estimation of moisture, protein,
fat and ash contents of the fresh fish body. The percentage composition of these
constituents accounts for about 96%-98% of the total tissue constituents in fish
(Nowsad, 2007).

Rahman (1989) reported that the crude lipid in some Bangladeshi zeol fish
ranged from 2.18% to 9.38%.

Rubbi et al. (1985) observed that kachki, (Corica soborna) is rich in protein
about 12.23% and fat contained about 3.6% as well as calcium and phosphorus.
Rubbi et al. (1987) studied the proximate composition of 27 species of fresh
water fish both scaly and non scaly fish and found moisture between 72.1-83.69,
Protein; 11.9-21.9, Fat 0.8-15.0 and ash between 0.8-15.0 and ash between 0.8-
5.11 g %.

Shahiduzzaman et al. (2004) conducted an investigation on biochemical
composition in batashi fish (Clupisoma atherinoides). He found fat content around
3%.

According to Viji et al. (2014) proximate composition of the fresh cat fish
(Pangasianodon hypophhthalmus) meat showed 77% moisture, 16.5% protein,
4% crude fat and 0.97% ash.

Determination of some proximate profiles such as protein content, lipid, ash and
other nutrients is often necessary to ensure that they are within the range of dietary

requirement and commercial specifications (Watchman, 2000).
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2.5. Processing and preservation of fish

Preservation is the methods by which fishes are kept in a “fresh state" as possible with
minimum losses in flavor, texture, taste, odor, nutritive value, weight and digestibility
of flesh. The principle of preservation based on such measures, which will keep a
control on the factors that cause spoilage of fish. Some of the related reports are given

as follows:

» Bhattacharya and Chaudhuri (1990) studied the quality change of Clarias
batrachus while storing the fish at different storage temperature. As per
organoleptic assessment, they found that the fish attained shelf life of 6™, 8" and
15 days at 37°C, 22°C and 0°C respectively.

» Bramsnaes (1965) observed that during the summer season fish often have a
shorter storage life than at other season.

> It has been observed that different processing methods have different effects on
the nutritional compositions of fish. This is because heating, freezing and
exposure to high concentration of salt lead to chemical and physical changes and
therefore digestibility is increased (Chukwu and Shaba, 2009).

» According to De Koning and Mol (1991), controlling the temperature of fish is
perhaps the most important element in the preservation of fresh fish.

» According to Gopakumar (1997), the pH level, temperature of storage, microbial
load, salt content and aw are factors generally considered to influence storage life
and safety of cured fish products.

» Martenik and Jacobs (1963) and Doha (1964) indicated that nutritionally the
dehydrated products are very good and neither the nutritive value nor the
digestibility of the protein is adversely affected due to dehydration process.

» The purpose of preservation is to reduce the moisture content of the fish because
micro-organism that is responsible for spoilage and wastage cannot survive
without moisture (Ogunleye, 2006).

» According to organoleptic evaluation Pabda fish was acceptable for 180, 210 and
240 in polythene pack, freeze pack and aluminum foil (Rabbane et al., 2007).
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Preservation must be seen as a way of storing excess foods that are abundantly
available at certain times of the year, so that they can be consumed in times when
food is scarce and decreases the nutritional value (Van Berkel et al., 2004).

According to Widjaja et al. (2009); Huda et al. (2010); Ahmed et al. (2010a);
Kayim and Can (2010), fish processing often results in the concentration of
nutrients like crude protein and fat and for that, the quality of fish products is
influenced by fish species, different method of processing, storage practices and

duration of storage.

Salting/ Salt Curing

The ratio of salt to fish used in the west coast of India varies from place to place and

also according to size of fish. But in Bangladesh, there is no recognized ratio of salt to

fish. As a result no established ratio is maintained during salt processing of fish in any

fish processing industry. They use the ratio of salt to fish by their assumption and the

ratio is more or less 1:4.

>

Akter (2013) prepared fish pickle using Thai pangas and reported that, the
product prepared from dorsal muscle and whole fish muscle using both mustard
oil and soybean oil was acceptable and their shelf life was 15 days at room
temperature and more than 60 days under refrigeration condition.

Bahri et al. (2006) observed that pH values in samples of salted trout, anchovy
and mirror carp fish were found between 6.41-6.70 at the beginning and then
changed depending on the storage period and varied between 5.34- 6.81.
According to Balachandran (2001) in brine salt curing method, the amount of
salt required to make a saturated brine solution is to use 26% salt by weight with
pure clean drinking water.

Beatty and Fougere (1957) demonstrated that thickness of flesh has a
pronounced effect on salt uptake. Thicker fillets obtained lower amount of salt
than that of thinner one when curing time in both the cases remained the same.
Berhimpon et al. (1990) carried out a study on the salting and drying of low fat
yellow tail (Trychurus mecullochi). They found that the rate of salt uptake
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increased with brine concentration to reach constant values dependent upon brine
concentration. In saturated brine the salt content reached 41% (dry basis) after 20
hrs and the salt uptake increased with time.

The simplicity of the salting process, the low cost of production and the case with
which it combines with other preservation methods, such as drying or smoking,
has led to its popularity and extensive use (Berhimpon et al., 1991).
Chakraborty et al. (1997) reported that moisture content of dry salted, wet salted
and sun dried salted fish showed significant decreases (P<0.05) from an initial
71.80% to 37.06%, 44.90% and 25.95% respectively.

Salt retards the bacterial action and aids the removal of water by osmosis. When
fishes are salted prior to drying, moisture content reaches between 35% and 45%
in the flesh depending on the concentration of salt, which inhibit the bacterial
growth (Chinivasagm and Vidanapthirama, 1982).

According to FAO (1992), when water content falls below 25% of the wet weight,
bacterial action stops, and if the water content is further reduced to below 15%,
mold ceases to grow. When salt is added to the fish before drying, less water
needs to be removed to achieve the same effect, and the product with a water
content of 35% to 45%, depending on amount of salt present, is often dry enough
to inhibit the growth of molds and bacteria under most climatic condition.

Gram (1991) stated that, salt may have a significant inhibitory effect on
mesophilic spoilage flora.

Islam (2007) observed in dry salting, pickle salting, brine salting and
experimental salting method moisture (%) content of chapila fish was 39.1%,
48.3%, 56.3 and 41.4% and kachki fish was 39.3%, 51.3%, 56.0% and 41.6%
respectively.

Jittinandana et al. (2002) have reported that brine concentration and time of
salting affect the pH, protein solubility, water-holding capacity, water activity and
textural properties of brine-salted rainbow- trout fillets.

Joseph et al. (1986) have reported TVBN content up to 72.7% in salted anchovy
and 105.0% in salted sole.

Josephson and Lindsay (1987) studied the influence of processing on the volatile

compounds characterizing the flavor of pickled fish (Osmerus mordex).
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Kamruzzaman (1998) reported the protein content of non-egg bearing salted
Hilsa was 17.05% and it increases up to 21.96% after 16 days of ripening period.
Khan (1998) found that the initial protein content of ordinary salt and pure salt
processed Hilsa were 16.42% and 16.23% respectively and the final protein
content were 26.58% and 26.87% respectively on 16" day of observation at room
temperature (28-32°C).

Dry salting is performed by distribution of solid salt over the fish surface,
resulting in brine due to extraction of moisture from the fish muscle (Lauritzsen,
2004).

Mansur et al. (1997) reported moisture, protein, lipid and ash contents of 46.87%,
18.75%, 19.93% and 1.30% respectively in salted mackerel (Scomber scombrus)
fish.

Mansur et al. (1998) found that the moisture content of dry-salted Hilsa ranged
from 52.98% to 35.08% and protein and lipid content for dry salted Hilsa ranged
17.37% to 25.12% and 26.93% to 17.36% respectively on during 12 weeks of
observation.

Muslemuddin et al. (1986) described the effect of temperature and salt
concentration of brine during short term preservation of Mola fish. They
suggested that shelf-life of fish found to be increase with the increase of salt
concentration in brine.

Mustafa et al. (2012) stated that, moisture content of pickle salted, dry salted,
mixed salted and brine salted hilsha and sarputi were 42.94% and 42.59%, 39.77%
and 39.04%, 36.45% and 31.75%, 47.27% and 46.39% respectively.

Pillai et al. (1961) determined that moisture content of the salted fish product
varied from 20-50%, salt content between 7-21.5% and protein between 23-45%.
Rahman (1996) stated that the ash content in raw (beheaded) fish was 1.68%
which increased up to 18.92% for dry salted Hilsa on 14™ day of observation.
Rohomania et al. (2014) shown the variation of proximate composition of dorsal
and ventral parts of salted T. ilisha. The found that dorsal and ventral part was
45.13% and 40.20% moisture; 20.79% and 21.48% protein; 16.89% and 19.54%
fat; 16..65% and 18.35% ash respectively.
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According to Rubbi et al. (1981) temperature was found to have little effect on
salt up take and water loss, that's mean the greater the temperature the greater was
the up take of salt and water loss, quality remained better at low temperature.

It has been reported by Sachithananthan et al. (1985) that the composition of
some salted dried marine fish products were 41.4% to 50.6% for protein, 1.0% to
6.5% for fat and 16.1% 30.6% ash.

Sayed (1997) found that dry salted products, ash content slightly decreased after
15 days of observation.

According to Sharma et al. (2013), dry salted and wet salted G. chapra had
moisture content of 17.26% and 20.12%; crude protein content was 54.20% and
50.34%; total lipid content was 11.20% and 10.48%; ash content was 17.04% and
18.25% respectively.

Shewan (1961) described that salting is in general variants of two fundamental
methods, i.e., dry salting and wet salting or salt pickling. The former is used to
cure the non-fatty species while the latter is appealed for curing fatty fishes such
as herring, mackerel, river shad etc.

Siddiqui (1993) studied on the shelf-life of salted Hilsa packed in polythene bag
and kept at 4°C had better quality than those kept in room temperature.

Siddiqui (1993) and Rahman (1996) studied on the effect of salting on the
chemical composition, protein solubility and essential amino acid composition of
Hilsa fish showed that in addition to moisture, there was a considerable loss of
lipid during salting.

During dry salting, weight loss by the fish is the highest (Voskresensky, 1958).
The fish kept at 0% salt concentration at 30°C have shelf life of 6.25 hours while
at 15% salt concentrations have shelf life of 28 hours at the same storage
temperature (Wahed et al., 2005).

Use of crude NaCl which contains impurities such as chlorides, sulfates, calcium,
and heavy metals accelerates lipid oxidation during fish processing and will
adversely affect the overall quality of the finished product (Yankah et al., 1996).
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Turmeric as food additive

» The active ingredient of turmeric (Curcuma longa) having pesticidal action is
curcumin (diferuloyl methane) (Aggarwal et al., 2007).

» Akter et al. (2007) reported that a combination of turmeric and salt treated dried
mola (Amblypharyngodon mola) contained 42.12% to 45.35% protein, 8.2 to
8.26% fat, 15.46 to 20.12% moisture; the shelf-life of those fishes was 4-5 months
and the average sensory scores of these fishes was 4.87. The turmeric and salted
treated dried fishes showed a prime level of effectiveness possessing a longer
shelf-life, higher sensory scores, shorter curing period, better quality and more
favorable nutrient properties for preservation than any other type of salt curing
methods like dry salting, pickle salting, and brine salting.

» Turmeric is coded as E100 when used as a food additive and used in product
systems that were packaged to protect them from sunlight. Investigations into the
low incidence of colo-rectal cancer amongst ethnic groups with a large intake of
curries compared with the indigenous population had discovered that some active
ingredients of turmeric appear to have anti-cancer properties (Cao et al., 2007).

» Turmeric is an orange yellow color derived from the root of the curcuma
(turmeric) plant. Curcumin consists of three principal coloring components. It
consists essentially of curcumins i.e. the coloring principle (1E, 6E)-1, 7-bis-(4-
hydroxy-3- methoxyphenyl)-hepta-1, 6-diene-3, 5-dione and its desmethoxy- and
bisdesmethoxy- derivatives (ESFA, 2010).

» Shakila et al. (1996) reported that turmeric exhibited the moderate effect on the

formation of toxic histamine in mackerel.

Sun drying and sun-dried salting

Dry fish is the cheapest source of animal protein for the rural people of Bangladesh.
As fresh fish is not available regularly throughout the year, dried fish is in demand

during period of scarcity. In most of the studies the bio-chemical composition of sun
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dried & salted dehydrated sun dried fisher products were found to have a wide range

of variation.

» According to Alam (2012) salted-dehydrated fish is usually produced where a
pre-treatment of salt is done in the fish during sundrying. Small amount of salt
makes the texture compact, reduces the effects of contamination, destroys some of
the bacteria and helps release water from the fish so that drying becomes easier
and quick.

» Azam et al. (2003b) studied biochemical assessment of fourteen selected dried
fish and observed that moisture, protein, fat and ash content ranging from 18.23-
23.61%, 40.69-66.52%, 7.1-26.13% and 5.08-12.14% respectively.

» According to Begum et al. (2011), sun-dried tengra (Mystus vittatus) fish
contained 16.01% moisture, 60.45% protein, 9.25% fat and 9.33% ash.

» According to Bhattacharyya et al. (1985) the markets samples of sun-dried
Gudusia chapra had moisture ranging from 9.61% to 18.64%.

» Bhuiyan et al. (1990) reported that the sun dried fish should not contain more
than 15% moisture to avoid the mould and bacterial growth.

» Bhuiyan (1992) observed 9.21% - 6.84% lipid in dried marine fishes.

> During the removal of moisture, drying rate was different at different stages. The
drying rate depends on the temperature, internal diffusion, thickness and leanness
of the fish (Brennan et al., 1969; Burgess et al., 1965; Waterman, 1976).

» Chakraborty et al. (1997) reported that in sun dried salted products, protein
content changed from 17.06% to 35%.

> In Bangladesh, fishes are usually dried without preliminary salt treatment. Salt
retards the bacterial action and aids the removal of water by osmosis. When fishes
are salted prior to drying, moisture content reaches between 35% and 45% in the
flesh depending on the concentration of salt, which inhibit the bacterial growth
(Curran and Trim, 1982).

> Faturoti (1985) made a study on biological utilization of sun-dried African
catfish (Clarias nigrodigitus). He showed that the gutted dried fish samples had a
chemical composition of 6.27% to 10.92% moisture, 55.02% to 63.05% crude
protein and 14.31% to 20.60% ash.
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Flowra and Tumpa (2012) determined the proximate composition of five sun-
dried fish samples of P.ticto, L.bata, W. attu, C. striatus and P. sp and found that
the moisture content ranged from 12.13% to 18.18%, protein varied between
28.20% to 51.19%, lipid ranged from 5.38% to 15.86% and ash content varied
from 10.78% to 15.67% respectively.

Flowra et al. (2012) studied the proximate composition of five dried fish samples
of Mystus vittatus, Channa punctatus, Chanda nama, Corica soborna and
Trichuirus haumela and found that the moisture content ranged from 14.06% to
24.58%, protein varied between 44.08% to 65.65% (moisture basis) and 53.45%
to 76.39% (dry matter basis), lipid content of the selected dried fishes ranged from
1.91% to 17.76% (moisture basis) and 2.31% to 21.54% (dry matter basis). Ash
content varied from 9.63% to 22.73% (moisture basis) and 11.21% to 28.15% (dry
matter basis).

Normally the sun-dried fishes contain an average of 10 to 20% of moisture 60 to
80% protein (Haque, 2004).

Humayun (1985) stated that sun dried Rohu fish contained 10.30% moisture,
73.93% protein, 5.60% lipid and 9.31% ash.

Hussain et al. (1992) found that the quality of the salted-dried headless and
dressed Gonia fish products was better than the unsalted samples.

Islam (1982) studied the proximate composition of traditionally dried Rohu fish
and observed the moisture and protein content as 9.07% and 73.26%.

Islam (2001) observed that total volatile base nitrogen (TVB-N) content of
traditional dried ribbon fish, Bombay duck, Big-eye tuna, silver Jew fish and
Chinese pomfret ranged from 16.56 to 44.83 mg/ 100gm.

Islam (2005a) found that, in storage condition the salted sun dried P. argenteus
has been found to have 16.6% to 18.9% moisture, 65.73% to 67.7% protein, 6.2%
t0 6.6% fat and 5.8% to 6.3% ash.

Islam (2005b) in his project report on experimental sun dried Amblypharyngodon
mola samples in fresh dried conditions contained moisture ranged from 15% to
20%, protein from 59% to 70%, fat from 6.1% to 8.8% and ash from 6% to 11%.
He also reported that the experimental open sun dried Gudusia chapra contained
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moisture content ranged from 15.5 to 20%, protein from 55.1% to 60.1%, fat from
15% to 19%, ash from 5.9% to 9.6%.

A survey was conducted by the Indian Central Institute of Fisheries Technology
(at four fish drying yards on the species used, drying practices and the quality of
the dried products).The moisture content of the samples varied over a large range,
from 12.3% to 54%. Likewise, protein 17.2% to 78%, fat 3.7% to 17.8% and ash
1.4% to 21.6% content varied widely over the 23 species analyzed (Kalaimani
and Kamasastri, 1998).

Kamruzzaman (1992) suggested that when water content of fish falls below 25%
of the wet weight, bacterial action stop. When the water content is further reduced
to bellow 15%, mould ceases to grow. When salt is added to the fish before
drying, less water needs to be removed to achieve the same effect, and the product
with a water content of 35-45%, depending on amount of salt present, is often dry
enough to inhibit the growth of molds and bacteria under most-climatic condition.
Keshvani (1964) observed that well dried fish could be stored for up to one year
in sealed polythene bags without serious loss of quality.

Kiaye (2004) stated that brining reduces the microorganisms count on dry fish.
For the protection of human health and production of safe dried fish, alternative
additives such as salt, different herbal products such as chili, turmeric, neem
powder have been suggested by Lithi et al. (2012) and Roy et al. (2014). The
suitability of herbal pesticides including turmeric and neem in repelling dry fish
insect.

Mansur et al. (1993) conducted an investigation on the quality of dried fish where
they found that the composition of traditional sun dried Labeo rohita contained
16.20% moisture, 59.85% protein, 10.80% lipid and 12.79% ash. For Barbus
sarana, Channa striatus and Gudusia chapra that values of moisture, protein,
lipid and ash were 16.71, 59.29, 13.26 and 10.54; 10.77, 70.29, 2.87 and 12.97;
18.32,51.52, 11.76 and 16.73% respectively.

Mehbub (2004) observed that, Moisture, protein, lipid and ash content of the
dried product of Silver Jew fish (Johnius argentatus), Ribbon fish (Trichiurus
baumela), Bombay duck (Harpodon nehereus) varied in the range of 11.48 to
16.83%, 58.51 to 68.49%, 6.08 to 8.62% and 13.05 to 14.88% respectively.
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Morshed et al. (2004) observed raw Bombay duck fishes contained 81%
moisture, 15.3% protein, 1.30% fat and 1.90% ash and experimentally sun dried
Bombay duck contained 21.8% moisture, 60.5% protein, 10.6% ash and 8% fat.
They also observed the dried fishes when kept in polythene bags at low
temperature of 4°C, kept the fish in good condition for a period of 8 months.

Nabi et al. (2007) studied the effects of hot water, turmeric solution and both hot
water with turmeric solution on the shelf-life on sundried Puntius ticto and
reported that the organoleptic scores revealed that the sample treated with
turmeric solution had maximum shelf-life.

Nurullah (2005) reported that the proximate composition of traditional dried SIS
namely Mola, Dhela, Puni, Batashi, Tengra, Chapila were ranged from moisture
content 23.26% to 26.42%, protein content range from 48.60 to 52.20%, lipid
content range from 8.40% to 11.52% and ash content range from 12.20% to
19.32%. The author also reported the TVB-N value of the above mentioned
species ranged from 20.30-28.40mg/100g.

Qudrat-E- Khuda et al. (1962) estimated the protein content of sun dried ‘shutki’
of both marine and fresh water fishes varied from 55.50 to 74.18% in Lates
surinamensis (Katkoi) and Channa marulius (Gazar) respectively.

According to Rahman et al. (1978), the moisture, protein, lipid, and ash content
of sun-dried rohu fish were 9.8%, 80.9%, 4.8%, 4.4% respectively

Rahman et al. (1982) studied the proximate composition of marine dried fishes
and found moisture between 15 and 29.5%, protein between 48 and 68.9% and fat
between 7.2 and 12.3%.

Reza (2002) observed that the moisture content of the dried product of Silver Jew
fish, Ribbon fish, Bombay duck, Chinese Pomfret and Big-eye tuna fish-products
ranged from 18.0 to 29.8% with the highest value in Big-eye tuna collected from
retail market. The range of protein contents was 42.51 to 56.58%. Lipid and ash
content were in the range of 1.97 to 8.08% and 15.5 to 26.84% respectively.

Roy et al. (2014) stated that, dried fish treated with salt and herbal treatment
(turmeric powder and chili powder) found organoleptically excellent quality.
Rubbi et al. (1982) reported that dried fish wrapped in polythene bag were found
to have better self-life than fish kept in gunny bags.
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Saha and Choudhury (1994) made nutritional investigations on the sun dried
fish of West Bengal and reported that the sun-dried fish are nutritionally enriched
and major source of concentrated form of nutrient for the all people. Their
moisture content ranged from 12.6% to 17.5%, body fat from 2.7 to 14% and ash
8.7% to 27.5%.

Saha (1999) observed 36.50% to 82.80% of moisture and 34.90% to 46.70% of
protein in thirteen sun dried fishes which are of known as small indigenous
species (SIS).

Siddique and Akter (2011) studed the charges of nutritional value of sea dry
fishes (Harpodon nehereus, Johnius dussumieri and Lepturacanthus savala)
during 2 years of storage period. The findings of the study showed that nutritional
value of dry fishes deteriorate with the increasing of storage period.

Siddiky (2015) observed percentage of moisture, protein, fat and ash of five dried
Sea fish. The value was 22.62, 60.61, 7.35 and 8.56 for Chinese pomfret; 17.93,
61.53, 7.44 and 12.78 for Bombay duck; 18.66, 58.36, 11.24 and 11.22 for Ribbon
fish; 22.09, 50.16, 9.17 and 17.57 for Banded needle fish and 22.13, 52.82, 10.40
and 15.17 for Phasa fish respectively.

According to Siringan et al. (2006), high salt environment decrease both an
endogenous proteinase activities in raw materials and proteinase produced by
certain bacteria.

Watanabe (1971) and Toots (1972) recommended sealing dried fish in the bags,
the later emphasizing the need to cool the fish after thorough drying and to store
the product in a cool shady place to avoid sweating.

Recommended intakes of proteins for adults is 0+75 g per kg of healthy body
weight per day. For example, a 70 kg male needs 53 g of proteins per day. To
fulfill this need he has to consume 66 g of dried fish. A 55 kg female needs 41 g
of proteins per day. Or 51 g of dried fish (Whitney et al., 2002).

Yu (1985) observed that drying time up to 40 hours for sun drying and 8 hours for
20% salted oven-dried fish sample was judged the best.
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2.6. Minerals and its role on fish

Considerable information is available in the literature about mineral contents of fishes
elsewhere in the world, but systematically little work has been done about mineral
contents of salted and sun-dried salted fish products.

» WHO (pg/g) suggested the maximum limits of Mn, Cu, Zn, Pb, and Cd for fish
are 1 pg/g, 30 pg/g, 100 po/g, 2 pg/g, 1 pg/g and FAO suggests the maximum
limits of Cu, Zn, Cd for fish are 10 pg/g, 100 pg/g and 0.2 pg/g (Adedeji and
Okocha, 2011).

» Acording to Adeniyi et al. (2012) minerals included potassium (91.51-102.86
mg/kg), calcium (16.32-24.53 mg/kg), sodium (59.21-75.12 mg/kg) and
magnesium (29.61-41.44 mg/kg) in three different fishes, Clarias gariepinus,
Malapterurus electricus and Tilapia guineensis while iron and zinc were present
in trace amounts.

» Adewoye and Omotosho (1997) stated that, the variations in the concentration of
minerals in fish muscles could have been as a result of the rate in which they are
available in the water body and the ability of the fish to absorb these inorganic
elements from their diets and the water bodies where they live.

> Adewoye et al. (2003) stated that the high calcium content recorded in H.
niloticus and C. angullaris could probably be due to preferential accumulation and
calcification of scales and hard tissues.

» Adewumi et al. (2014) studied comparative analysis of elemental compositions of
four species of fish; C. gariepinus, P. obscura, T. zilli, and T. galilaeus, the
pattern of elemental concentration in the fillets of each of the species, is in the
order; Na>K>Ca>Mg>Fe>Mn>Cu>Zn.

> In a heavily polluted river of Bangladesh, Buriganga River, highest Cu was found
in C. punctatus (5.27 mg/kg) and lowest in G. chapra (4.25 mg/kg) in pre-
monsoon fish samples (Ahmed et al., 2010b).
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Akinneye et al. (2010) studied mineral composition of sun-dried fish and found
that, sun-dried Bonga spp. , Sardinella spp. and Heterotis niloticus have Ca
content of 50.31, 80.34 and 33.21 mg/100g; Mg content of 134.40, 132.20 and
111.32 mg/100g; Fe content of 3.64, 8.81, 3.44 mg/100 g; Cu content of 0.34,
0.49 and 0.53 mg/100 g; Mn content of 3.07, 1.58 and 0.96 mg/100g; Zn content
of 7.67, 6.44 and 5.68 mg/100g of fish respectively.

Fish mineral and metal contents may vary according to the surrounding
environment (Ambedkar and Muniyan, 2011; Sen et al., 2011).

Banu and Salamatullah (1991) compared the mineral contents of edible protein
of 19 species of fresh water fishes of Bangladesh.

According to Basri et al. (2015), nutritional trace elements in sun dried salted
striped snakehead was Fe-130 ppb, Mn-4.729 ppb, Mg-3231 ppb, Cu-6.173 ppb,
Zn-174.753 ppb respectively.

According to Committee on Animal Nutrition (1993), minerals activate complex
biochemical mechanisms, control, and regulate the uptake, storage and excretion
of various inorganic elements allowing fish to live in a dynamic equilibrium with
their aquatic medium. Minerals are important for vital body functions such as
acid, base and water balance.

Dural et al. (2007) and Ploetz et al. (2007) reported highest levels of Copper
(Cu), Zinc (Zn), and Iron (Fe) in the liver and gills of fish species.

Fawole et al. (2007) studied comparative analysis of elemental compositions of
four species of dry fish; O. niloticus, S. galilaeus, C. gariepinus, and H. niloticus,
the pattern of elemental concentration in the fillets of each of the species, is in the
order; Zn>Ni>As>Cu>Pb>Cd.

Hadson (1998) observed that the trace elements can be accumulated by fish both
the food chain and water.

All forms of aquatic animals require inorganic elements, or minerals, for their
normal life processes. Unlike most terrestrial animals, fish have the ability to
absorb some inorganic elements not only from their diets but also from their
external environment in both fresh water and sea water. Many essential elements
are required in such small quantities that it is difficult to formulate diets and

maintain environments which are low in minerals to demonstrate a mineral
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deficiency. Calcium and phosphorus are required for the formation of the skeletal
structure of the body. Sodium, potassium and chloride, along with phosphates and
bicarbonates, maintain homeostasis and the acid-base balance. Certain minerals,
such as calcium, magnesium and manganese are of particular significance as
enzyme activators (Halver and Hardy, 2002).

Haque et al. (2006) studied the seasonal variation of heavy metal concentrations
in Gudusia chapra inhabiting the Sundarban mangrove forest and found the
concentration of Cu, Zn, Fe, Pb, Cd, Cr and Ni seasonally varied from 0.527 to
3.99, 5.34 to 25.9, 0.038 to 0.221, 0 to 3.396 and 0.176 to 89.5 ug/g dry weight
basis, respectively.

Hogstrand and Wood (1996) mentioned that fifteen trace elements are
considered to be essential in animals. Among these the physiological role of a
deficiency of chromium, cobalt, copper, fluorine, iodine, iron, manganese,
molybdenum, selenium, and zinc is well recognized. Most of these trace laments
have been detected in fish tissues, including shellfish, however, the essentiality of
only a few of these elements has been demonstrated.

The Cu concentration in M. armatus was 0.86 mg kg-1 (Javed and Usmani,
2012).

Javed and Usmani (2014) showed that the average accumulation of Cu, Fe, Mn
and Zn in the edible part of C. punctatus was 13.65, 161.16, 21.20 and 124.05 mg
kg-1 dry weight respectively.

Krishna et al. (2014) observed that, the order of heavy metal concentration in M.
cephalus was Zn>Pb>Mn>Cu>Cr>Hg and average concentrations in liver and
muscle was 32.4, 10.8, 8.9, 6.4, 2.3 and 2.2 mg/kg respectively.

Kumar et al. (2012) were determined the concentrations of Cu, Zn, Mn, Fe, Cd,
Hg and As in muscle tissue of fish species collected from north East coast of
India. The concentration range of Cu, Zn, Mn, Fe, Cd, Hg and As in fishes was
0.5-28.2, 3.0-99.1, 0.5-12.0, 10.4-249.7, 0.01-1.10, 0.05-1.60 and 0.02-2.37 ug g-
1 dry wt. respectively.

Love (1980) mentioned that the quantities of manganese, iron, copper, and zinc in
the muscle and liver of fish reflect the agrochemical characteristics of the earth

surrounding the aquatic body. The concentration of minerals in the body of
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aquatic organisms depends on food source, environments, species, stage of
development, and physiological status of the animal. Most organisms accumulate
and retain minerals from the environment; however, their incorporation is highly
selective.

» Mansur and Sidky (2002) stated that fish are often at the top of aquatic food
chain and may concentrate large amount of some metals from the water.

» Muslemuddin et al. (1991) observed the effect of size, anatomical portion and
habitat of major mineral content in muscle of mrigal fish (Cirrhinus marigala).
Total mineral contents were lower in smaller fish than the lager ones.

» Mustafa et al. (2012) stated that, Ca, P and Fe content of fresh hilsha and sarputi
fish was 56.49 and 222.68, 195.46 and 121.81, 0.40 and 0.42 mg/100g fish
respectively.

» Onyia et al. (2010) determined mineral composition of some fresh water fishes of
upper Benue River. They found that, B. niloticus, M. rume, B. filamelosus, T.
niloticus, C. gariepinus has Fe content of 0.086, 0.074, 0.0009, 0.14 and 0.07
mg/g; Cu content of 0.042, 0.034, 0.038, 0.036 and 0.04 mg/g; Zn content of
0.082, 0.07, 0.074, 0.080 and 0.073 mg/g respectively.

» Sharif et al. (1993) reported that the calcium (Ca) content in Mastacembelus
armatus (Baim) was 5232 mg kg™.

» Taweel et al. (2013) showed that Cu levels in liver, gills and muscles of tilapia
fish were 491.30, 3.70 and 1.82 ug/g dry weights (dw) respectively.

2.7. Bacteriological study of fresh, salted and dried fishes

In Bangladesh, only some information is available on the occurrence and distribution
of pathogenic bacteria in freshwater fish. There is no information about the
microorganisms of salted and sun-dried salted stored snakehead fish (like-Taki, Shol)
and small cat fish (like-deshi tengra), but there is available information on the

microbial changes in other preserved fish.
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Ahmed et al. (2010a) studied the chemical and microbiological quality changes in
salted (25% of the fish weight) Hydrocynus forskalii during storage at +37+1°C
and found that, salted techniques reduced the microbial counts of the salted fish.
According to Al-Basuni (1993), determination of the microbial load of fishes and
their products considered as the most important tests to determine the flesh quality
and storage period.

Ali et al. (2007) observed that organoleptic and microbiological assessment of ten
commercially important dried and fresh fishes. They showed SPC (Standard Plate
Count) of these fishes in fresh condition ranged from 8.2x10* to 3.1x10° cfu/g
while the dried samples of these fishes ranged from 7.8x10° to 2.77x10° cful/g
respectively.

Balachandran (2001) noted that most bacteria require a low concentration of salt
for their growth. Many bacteria do not grow when the salt concentration is in the
range 10-15%. However, haemophilic bacteria can developed even in
concentrated solution of sodium chloride.

Brain et al. (1958) described that, halophilic bacteria are frequently derived from
contaminated solar salt. These bacteria are most troublesome at the wet stake
stage in the salting and drying processes. They may be growing on fully dried
salted fish and cause a pink or red discoloration.

Chaity (1992) reported that the total bacterial count of market samples of
traditional dried fish ranged from 1.0x10° to 1.63x10°cfu/g.

Cheesbrough (2000) stated that, fish with microbial load >10°cfu/g is likely to be
at the stage of being unacceptable from the microbiological point of view and unit
for consumption.

Clucas (1984) reported that halo tolerant microbes which can grow in a greater
concentration of salt even unto saturation and salt loving microbes which include
bacteria that require the obligatory presence of salt and can grow on media
saturated with salt.

The total bacterial count (TBC) of whole fish immediately after catch was found
to range between 3.05x10° to 3.75x10°cfu/g (Devaraju and Setty, 1985).
Enamul et al. (1987) studied the total plate count at 30°C for dried Mugil sp. and
Stromateus sp. which was found to be 1.84 x 10°/g and 2.82 x 10°/g respectively.
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Fatema (2005) assessed the bacteriological and heavy metals concentration of
Kacki (Corica soborna) and Mola (Amblypharyngodon mola) fishes. The results
revealed that aerobic plate counts (APC) in local market raw fishes were quite
high whereas in Kachki fish the highest APC was 8.5 x10’cfu/g and in mola fish,
2.4 x 10’cfulg.

Figueroa et al. (1990) found that the mesophilic bacterial populations increased
with storage time.

According to Flannery (1956), the word halophile derives from the two Greek words,
“halos” and “philus”, meaning “salt” and “loving” respectively. Halophiles are named
salt loving bacteria and they thrive in relatively high concentrations of salt. Both
facultative and obligate halophiles will grow in media containing more than 2 %
NaCl.

Frazier (1958) recorded that solar salt contained a wide number of halophiles
which are responsible for discoloration of fish flesh and it is assumed that fishes
become contaminated with the bacteria from solar salt during salting process in
addition to their normal flora.

Frazier and Westhoff (1978) reported that no microorganism (yeast, mold,
bacteria) can grow in fish product containing moisture less than 14%.

Low temperatures are used to retard chemical reactions and the action of food
enzymes and to slow or stop growth and activity of microorganisms in food
(Frazier and Westhoff, 1998).

Freeman (1979) stated that a variety of environmental factors influence the
bacterial populations.

According to Gram and Huss (2000) the microbial-infestation deteriorates the
quality of the fish-product and thus human health is risked by infections and
toxication. For this reason, information about the microorganisms (number of
microorganisms) in the muscles of the fish is quite significant in terms of human
health and preservation of the products.

Hasan (2006) investigated that Aerobic Plate Count (APC) of solar tunnel dried
Mola 2.16x10%fu/g; Tengra 2.59x10%cfu/g and Kachki fish 2.08x10%cfu/g.

Hasan et al. (2008) found that, the microbial load in Heteropneustes fossilis and
Clarias batrachus was 6.7x10°cfu/g and 6.7x10°cfu/g of fish sample.

53



Chapter-2
Review of Literature

Ichine et al. (1977) described the micro flora of commercial slice dried fishes
inclouding bonito and observed that the total plate count of dried fish samples
averaged 1.2x10° cfu/g which ranged from 2.0x10? cfu/g to 9.5x10° cfu/g.
According to Kamruzzaman (1992), total bacterial count ranged from 1.84x10*
to 5.3x10°fu/g of commercially dried fresh water fish product samples.
According to the definition of Larsen (1986), there are different categories of
halo-tolerant microbes: non-tolerant, those which tolerate only a small
concentrations of salt about 1% (%w/v); slightly tolerant, tolerating up to 6-8%;
moderately tolerant, up to 18-22%; and extremely tolerant, those microbes that
grow over the whole range of salt concentrations (0-32%, w/v).

Mansur et al. (1993) investigated that total bacterial count of market sample soft
dried fish ranged from 1.0x10° to1.63x10%fu/g. They also reported that total
bacterial count of traditionally dried fishes were 1.5x10°% 1.0x10° 1.8x10° and
1.6x10%fu/g in Labeo rohita; Barbus sarana; Channa striatus and Gudusia
chapra respectively.

Mansur et al. (1998) studied on the bacterial load of dry salted pre-spawning and
post-spawning of hilsa. They found initial bacterial load was 0.78x10° calls/g and
0.97x10°ell/g in pre-spawning and post-spawning hilsa which increased after dry
salting to 0.01 x10° and 1.14 x 10° cells/g of fish flesh respectively at the 18" day
of the study period.

Nabi et al. (1996) mentioned that dry Pampus chinensis contained highest and
lowest trend of bacteria were 5.23x10cfu/g and 3.20x10°cfu/g in summer,
1.96x10"cfu/g and 4.06x10°cfu/g in monsoon, 1.79x10°cfu/g and 4.05x10%cfu/g
in winter.

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).

Nurullah (2005) mentioned that Aerobic Plate Count (APC) of some solar tunnel
dried SIS products was found in the range of 1.45x10° to 2.52x10° cfu/g.

Poulter (1978) mentioned that the number of bacterial growth better in 4°C to
27°C temperature.
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Reza (2002) studied the production of safe and high quality dried fish products
and found the SPC were 1.8x10% to 2.6x10% 2.6x10° to 2.6x10% 5.4x10" to
6.0x10°, 8x10% to 3x10° and 5x10° to 1x10° CFU/g respectively for silver jew
fish, Bombay duck, big-eye tuna, Chinese pomfret and ribbon fish.

Shaheen et al. (1992) reported that TBC in dried Punti averaged 6.0x10° cfu/g
with a range between 1.30x10* cfu/g and 2.03x10° cfu/g. In dried Mola this count
averaged 3.9x10° cfu/g which ranged between 1.2x10* cfu/g to 2.03x10° cfu/g.
Shewan (1977) reported that, the fish from warm water frequently carry greater
number of bacteria than cold temperate water fish.

Sufi et al. (1996) showed that the annual average monthly total bacterial count
TBC of dry samples of Gudusia chapra was 5.76x10° cfu/g. The seasonal
bacteriological studies revealed that the highest TBC was 3.13x10" cfu/g in
summer, 1.92x10’ cfu/g in monsoon and 2.34x10° cfu/g in winter.

Sultana and Hossain (2010) found among the dried fishes of three areas of
Chittagong, the highest mean TVC was found 90.00+1.00 in Churi. On the other
hand, the lowest TVC was 30.67+0.58 in Chingry respectively. Similarly highest
TVC was 113.00+2 in Chapa and lowest TVC was 94.67+ 0.58 in Challa of two
areas of Mymensingh district.

Troller and Christian (1978) observed that effect of various environmental
factors such as pH, 0, and CO, concentrations besides temperature and water-
activity for microbial growth.

Truelstrup et al. (1996) reported that the salting and drying process often reduce
the numbers of microorganisms and cause a change in the spoilage micro flora.
According to Valsan et al. (1985) the cured fish product through preserved and
protected with high level of salt and low content of moisture, the main spoilage
factors associated with the cured fish were fungal and “Red” attack caused by

certain halophilic or halo-tolerant microorganisms.
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MATERIALS AND METHODS

3.1. Experimental protocol

To carry out this research work, always easy and less expensive technology was

practiced.

3.1.1. Selection of fish species

In this research work, three (3) varieties of fresh water fish species were used for this
comparative study of different salting process. The size of fishes considered for the
experiment was due to customary demand for consumers and some significance on

the shelf life and quality of the processed product.

The fish varieties were:

1. Large size snake-headed fish, shol (Channa striatus; Bloch, 1801) [Plate 3.1.1(a)]
2. Medium size snake-headed fish, taki (Channa punctatus; Bloch, 1793) [Plate
3.1.1(b)] and

3. Small size bagrid catfish, tengra (Mystus tengra; Hamilton-Buchanan, 1822) [Plate
3.1.1(0)].
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Plate 3.1.1(a). Shol (Channa striatus; Bloch, 1801)

Plate 3.1.1(b). Taki (Channa punctatus; Bloch, 1793)

Plate 3.1.1(c). Tengra (Mystus tengra; Hamilton- Buchanan, 1822)
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3.1.2. Collection of experimental fishes

Fresh mature fish samples were collected from fishermen of Meghna River in the
early hours of the day. Mean length variation of the experimental shol, taki and tengra
fish were 40£10, 2248 and 10+2 cm respectively. Whereas, mean weight of the
experimental shol, taki and tengra fish were 561.5 (x20), 128.5 (£6) and 9.1(x1.2) ¢

respectively.

3.1.3. Handling of experimental fish in laboratory

Being air breathing fish, shol and taki fish were transported to the research laboratory
in dram full with water. In case of tengra fish they were carried in clean, good quality
sterile polythene bag with ice in order to keep the fish fresh and avoid any type of

microbial contamination according to ICMSF, 1996.

3.1.4. Place/ location of the experiment

Biochemical analysis and Bacteriological study were carried out at the ‘Fish
Technology Section’ and ‘Food Microbiology Section’ of the Institute of Food
Science and Technology (IFST) of Bangladesh Council of Scientific and Industrial
Research (BCSIR), Dhanmondi, Dhaka. Mineral analysis was done in Center for
Advanced Research in Science (CARS).

3.1.5. Period of experiment

The whole experimental period was 43 months, started from June 2011 and continued

for up to the period of December 2014.
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3.1.6. Preparation of the experimental fishes

In the laboratory, the experimental fishes were carefully washed with normal cool tap
water. The weight of whole fishes was measured by a sensitive balance and was
recorded. The fishes were then dressed by removing scales, fins, gills and viscera and
again washed with tap water to remove blood, slime and unnecessary adherents.
Cleaning depends on the fish species, size, and the organs accumulating the nutrients.
So, the non-edible waste portion is not always related with the size of the fish.
Normally, the operculum, jaws, fins, viscera (partial/full) and the scales are included
among the waste. However, according to Roos et al. (2006) cleaning practices depend
on the fish species and size of the fish.

Tengra is a small sized fish, so eaten along with bones whereas, because of hard and
large shield-like bones of head, the bones and head of Taki and Shol are included as

the waste.

After that, total cleaned fishes were then grouped into 5 batches. It should be
mentioned here that to determine freshness of the raw fish, the nutrient contents of its
body muscles was determined by applying the most acceptable Standard methodology
applicable for fish analysis.

3.2. Materials used in salting procedure

3.2.1. Common Salt

For salting, the pure market table salt (salt brand-Super salt) with the fine grain was
used. The finer the salt, the more rapidly the brine forms and thus the more rapidly the
flesh is penetrated with salt. Salt for curing was collected from the local market.
Ingredients of Super Salt are presented in Appendix [Appendix-A].
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3.2.2. Turmeric

Fresh dried and powdered form of turmeric is used as a newly introduced element in

salt curing method with a hypothesis that it would work as-

. A protection against insect, pest, fungus and other pathogens
. Cheap and easily available

. A good preservative

. Taste enhancer element.

3.2.3. Instruments / equipments

© 00 N o O A W DN

A. For Taxonomic Studies

. Measuring scale
. Books

B. For Bio-chemical composition

. Analytical (Electronic) balance (Shimadzu Corporation, Type-AY, Max 220g,

d=0.1 mg)

. Drying oven (Gallen kamp Hotbox Oven with fan, Size=2)
. Petri dishes

. Porcelain basins

. Desiccators

. Laboratory grinder (Mortar and pestle)

. Blender machine (Jaipan, Made in India)

. Digestion Chamber (Buchi 426 Digestion Unit)

. Distillation Machine (Gerhardt)

10. Filter paper (Whatman)

11. Exhausting chamber

12. Digestion tube
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Burette

Conical flask

Volumetric flask

Measuring cylinder

Buchner Funnel

Water bath (HH-S;; 4 Thermostatic water bath, made in China)
Magnetic stirrer (Stuart Scientific, Hotplate Made in U.K.)
Porcelain crucible

Gas burner

Muffle furnace (NABER- L51/S, Germany)

Conway dish

Stopper glass bottle

Glass rod

Electrical sealing machine (PFS-300)

C. For Bacteriological study

. Stomacher 400 (homogenizer) bag
. Stomacher 400 (homogenizer) machine (ANNO 2010, Serial No. 030163)

. Laminar flow

. Magnetic stirrer (Stuart Scientific, Hotplate Made in U.K.)

. Autoclave Machine (TOMY, SX-500)

. Volumetric Flux

. Micropipette

1
2
3
4
5. Vortex Mixer (VM-1000, DIGISYSTEM LABORATORY INSTRUMENTS INC.)
6
7
8
9

. Petri dishes

10.
11.

Test tube
Colony counters (Digital Colony Counter, Ri)

D. For Mineral Study

1. Perkin-Elmer atomic absorption Spectrophotometer (Model A Analyst 200; Illinois,

USA)

2. CEM Microwave digester (MARS, XP 1500 Plus)
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3.2.4. Chemicals

g B~ W N

A. For Bio-chemical composition

. Concentrated sulfuric acid (Merck, Germany)

. Digestion mixture (98 parts of anhydrous K;SO, is mixed with 2 parts of CuSO,),
. Sodium hydroxide

. 2% boric acid (2 g boric acid in 100 ml distilled water)

. Mixed indicator (0.1% bromocresol green and 0.1% of methyl red indicator

dissolved in 95% alcohol separately. Then 100 ml bromocresol green is added
with 2 ml of methyl red solution)

6. N/70 sulfuric acid

7. Folch’s reagent (Chloroform: Methanol = 2:1)
8.

9. Potassium Carbonate (K,CO3)

10% Trichloro Acetic Acid (TCA) (Merck, Germany)

10. 0.25 N Sodium hydroxide (NaOH) (Merck, Germany)
11. Ethanol (Merck, Germany)
12. Phenolphthalein solution

13. Chloroform (Merck, Germany)
14. Methanol (Merck, Germany)

1.
2.
3.
4.

1.
2.

B. For Bacteriological study

Plate count agar (Hi- media)
Ringers Stock

NaCl

Distilled water

C. For Mineral Study
Nitric acid (HNOs3), (65% Merck, Germany)

Deionized water
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3.3. Working principle

3.3.1. Methods used in different kinds of salting

For the experiments, five different types of salting methods were used. The salting
methods more or less relate with those described by Horner (1992). Salting methods

are-
I. Dry salting (DS)

During this experiment the fresh fishes were mixed with dry commercial salt (NaCl)
of about 30% by weight of the dressed fish stacked in containers and stored for a
salting or curing period, at room temperature. In this method, the extracted water of
the fish due to salt-in was removed from the container through a sieved basket so that

the product remained nearly in dry condition.

I1. Pickle curing (PC)

In this method, the fresh experimental fishes were salted by dry commercial salt
(NaCl) of about 30% by weight of the dressed fish stacked in containers and stored at
room temperature. The salt entered the fish and water extracted out from the fish-body
and a salt-solution is formed. Thus in this method, the fishes are always, allowed to
remain in such solution for the production of pickle-cured fish.

I11. Brine salting (BS)

During this experiment about 30% salt solution was prepared which is called brine.
The fresh fishes are kept at this super saturated brine solution stacked in containers
and stored for a salt curing period, at room temperature (26°C-32°C) for the
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production of brine salted fish. The brine solution was changed with new solution
once every week for keeping nearly constant saturation outside the fish. The
experimental fishes in brine were kept immersed by putting a glass weight on it.

IV. Sun-dried salting (SDS)

During this experiment the fresh fishes were well rubbed with dry common table salt
(NaCl) of about 30% by weight of the dressed fish. They were then kept on a plastic
basket in the sun. They were kept in sun regularly during day time (9:00 a.m. to 3
p.m.) for 2-7 days as sometimes the sky was cloudy and until the required drying
period was over. During sun-drying, they were kept covered by small meshed nylon
or mosquito net to avoid external contamination and to prevent bird attack and fly

infestation.

The process and principle of sun dried salting can be expressed by the following
model ad