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Abstract: The present study was conducted on fresh and dried fish of low value puffer fish
(Lagocephalus lunaris) used in local export, to determine proximate and quality characteristics. Samples were
collected from puffer fish processing company in both fresh and dried form. The reason for taking the puffer
fish for this study is, nowadays, small scale exporters are exporting muscle of fresh and dried puffer fish,
after removing skin and internal organs. But they were not worried about the quality status and they only export
it in the form of chilling not in frozen forms. This study gave awareness to the exporters about the quality
characteristics of puffer fish product and also improves the processing of the fishes. The proximate composition
of the puffer fish in fresh and dried form had a good nutritive value but quality wise it is not attaining the
standard limit it was poor based on both biochemical and microbial. It may be due the lack of knowledge about
the hygienic processing method, immediate icing, or due to removal of skin manually that are more susceptible
to pathogenic contaminations. So improvement in the processing procedures save the valuable protein
resources and improve the foreign exchange earnings.
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A sizeable quantity of fish is used as fresh and some are
preserved by salting and sun drying. It contributes 3.74%
of the gross domestic product (GDP) and 4.04% of the
foreign earnings. Tamil Nadu earns a good quantity of
foreign exchange by exporting fresh and dried fish every
year. In previous days for this export they prefer only
economically valuable seafood’s like prawns, crabs,
cephalopods and fin fishes like Istiophorus platypterus,
Carangoids
malabaricus,
Scomberoides
lysan,
Lethrinus
rubrioperculatus,
Auxis
thazard,
Leiognathus dussumieri and Sphyraena acutipinnis
[5]. Because of the high cost problem, small scale
exporters cannot buy those things for export and they
prefer economically low value fishes for export. In
Tuticorin coast normally high amount of puffer fishes
coming along with the by-catches this would be treated as
trash, which are dumped with other uneconomical fishes.
These fishes are weighing of about nearly 250g each. In
past the fishes are considered as poisonous and so
many disease outbreaks causes by intake of puffer fish
[6]. The person affected usually experience vomiting,
dizziness and weakness and potentially death [7].
Recent studies have revealed that the liver of puffer fish

Fish is one of the most important sources of animal
protein available in the tropics and has been widely
accepted as a good source of protein and other elements
for the maintenance of healthy body [1]. Fish protein
contains all the essential amino acids and is considered to
be a complete protein [2]. Fishes have easily digestible
nature of proteins and are important source of essential
minerals as in very fresh condition. Besides, the dried
fishes are also rich in other nutritional components [3].
Laureti [4] established that dried fishes often are an
alternative to fresh fishes in many places. In India
significant amount of dried fishes (approximately 622 mt)
were exported and earned of foreign currency [5].
However protein composition varies with different species
and within the same species and with the mode of
utilization. Fish is currently being used as a good tool for
food therapy and source of therapeutic substances for the
treatment of coronary diseases, auto-immune diseases,
anemia and protein energy malnutrition. Fish is the major
source of animal protein in the diet of the people of Tamil
Nadu contributing 58% of the total animal protein supply.
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has a specific tetrodotoxin (TTX)-uptake mechanism and
TTX introduced into the puffer fish body is first absorbed
in the liver and then transferred to the skin through the
circulatory system. Eswar et al., [8] and Li et al., [9]
reported puffer fish can act as a good source of nutritional
and economic value when it is carefully handled and
properly cooked. These fish contain ‘tetrodotoxin’ in the
skin and visceral organs like gonads and intestine.
Tetrodotoxin is named after the order of fish from which
it is commonly associated, the Tetrodontiformes fish
contain highly toxic, this fish are eaten by some Japanese.
If cleaned properly, the puffer fish flesh is fit for human
consumption and considered daintiness [10]. So now a
day instead of wasting them, these puffer fish can also be
used as food to meet the nutritional requirements of
increasing population by removing the skin and visceral
organs which are suspected to contain the toxin. Small
scale exporters in Tuticorin prefer this fishes to export
only the flesh in the form of fresh and dried. Good quality
raw material supply is essential for both domestic and
value added product development for export market [11].
The quality of fishes can be estimated by sensory
tests, microbial methods or by chemical methods such as
measuring volatile compounds, lipid oxidation and
determination of ATP breakdown products and the
formation of biogenic amines [12]. The increasing demand
in the commodity as well as the need to protect the
consumers against food-borne diseases have made
regulatory authorities such as the United States Food and
Drug Administration and the European Union stipulate
stringent guidelines with respect to the quality of
processed fish items traded by exporting countries.
Hence, many developing countries attempt to set up
standards for their fishery product in order to comply with
requirement of international trade and markets [13]. But in
the case of small scale traders export the product to the
local market without meeting the quality standards.
This study will be helpful in producing a quality product
as well as safe product for domestic consumption as well
as for export. Now-a-days consumer wants to know and
ensure the nutritional value of the products, what they are
eating. At the first step, the result of the present
investigation is expected to provide a clear idea on the
quality and safety of the fresh and dried
Lagocephalus lunaris fish under present study. The
nutritive value of the puffer fish is already established [8].
A better knowledge on quality and safety of sundried and
fresh puffer fish Lagocephalus lunaris is important
because a reasonable quantity of fresh and dried fish is
exported to international markets every year. To continue

export of this fishery product the quality and safety of the
product should be assured. So in the present study was
undertaken to know the quality of low value puffer fish
preferred to export both in fresh and dried form
MATERIALS AND METHODS
Sample Collection and Storage: The fresh puffer fish
were purchased from local export company. In this
company puffer fish (Lagocephalus lunaris) were
purchased from Tuticorin fishing harbor and other minor
landing centers of Tuticorin. The samples were
transported to the processing center with sprinkling the
ice on the top of the fish box. In the processing centers,
the skin and visceral organs like gonads and intestines
were removed and only the muscles were used as an
edible portion. For the experimental studies the puffer fish
muscle samples were transported immediately to the
laboratory for the analysis.
The sundried fish of Lagocephalus lunaris were also
purchased from the same processing center of Tuticorin.
The dried fish samples were packed tightly in polythene
bags and stored at -20oC until further analysis for
subsequent studies. The samples were subjected to
laboratory analysis within 2 weeks of purchase.
Biochemical Composition Analysis: Organoleptic
analysis: The organoleptic characteristics of fresh and
dried fish products observations were done according to
Geetha et al. [14].
Biochemical analysis: Analytical methods were
applied for the determination of biochemical composition
of the processed fish products on experimental basis.
The analytical methods are given below: The moisture
content of all the samples was analyzed by drying the
samples in a hot air oven. The protein content of the
samples was estimated by Lowry’s method [15] and lipid
by using gravimetric method [16], the ash content was
measured by the method of Clucas and Ward [17] using
Muffle furnace. Carbohydrate content was determined by
the method of Hedge and Hofreiter [18] using Anthron
and hydrochloric acid.
Mineral Contents: The minerals in the homogenous fish
powder were brought into solution by wet digestion using
the method of Harris [19]. Potassium and sodium were
determined by Allen’s method using Perkin-Elmer atomic
absorption Spectrophotometer [20]; phosphorous by
Bausch-Lomb spectronic 20 [20]; zinc, calcium, iron,
magnesium and copper by using Perkin-Elmer atomic
absorption Spectrophotometer [21].
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Quality Analysis: Chemical changes were studied by
determining the TMA-N and TVB-N using Conway
modified micro-diffusion technique [22]. Free fatty acid
content of the samples was estimated by improved
titrimetric method of Ke et al., [23] as described by Takagi
et al. [24]. Peroxide value was estimated by the method
described by Ozogul et al. [25]. Peroxides value of the
samples was expressed as milimoles of oxygen per
kilogram of fat. pH analysis was done by the method of
Goulas and Kontaminas [26] using HANNA pH213
microprocessor pH meter.

Table 1: Oraganoleptic characteristics of fresh and dried puffer fish

Parameters

Fresh fish

Dried fish

Microbiological Quality Analysis: The microbiological
characteristics such as total plate count (TPC) were
enumerated by using plate count agar and total fungal
count (TFC) was enumerated using potato dextrose agar
(APHA, 1992). The pathogenic bacteria like Coliforms,
Streptococci,
Staphylococci,
Escherichia
coli,
Salmonella and Vibrio were enumerated by the method
[27]. All determinations were done in triplicate and the
mean value was reported. The result was performed from
following formula-No. of bacteria (CFU/g) = No of Colony
× Dilution Factor

Moisture (%)

78

17.5

Sources

Fresh fish

Dried fish

Colour

Whitish shiny

Dull white color

Uses of chemicals

No

No

Odour

Fishy characteristic odour

Fishy odour

Texture

Firm and Flexible

Tough and springy

Infestation

No

No

Broken pieces

No

No

Overall quality

Good

Good

Table 2: Biochemical composition of fresh and dried puffer fish

RESULTS AND DISCUSSION

Protein (%)

18.2

43

Lipid (%)

9.0

2.34

Ash (%)

0.64

9.6

Carbohydrate (%)

7%

-

Potassium (mg/100g)

569

610

Sodium(mg/100g)

256

266

Calcium (mg/100g)

2541

2560

Magnesium (mg/100g)

98

112

Iron (mg/100g)

39

40

Zinc (mg/100g)

26

29

Copper (mg/100g)

1.8

2.0

Phosphorus (mg/100g)

14.2

19.4

products [30]. The processing such as skin removal,
salting and drying was not done in the hygienic area, so
the present study was carried out to create awareness and
improve the quality characteristics of puffer fish.
The organoleptic observation of fresh and dried
puffer fish were presented in Table 1. Little differences
were observed between the colour of the fresh and dried
puffer fish. Firm and flexible nature of texture was
observed in fresh fish and tough springy nature was
observed in the dried fish. There were no insects,
infestation or broken pieces were found around the
product. Geetha et al. [14] reported poor organoleptic
quality was observed in fishery products based on poor
quality raw material, unhygienic processing, excess
drying, improper drying and handling.
Proximate composition of puffer fish products was
reported in Table 2. The moisture content seems to be an
exact indicator of susceptibility of a product to undergo
microbial spoilage. It has been reported that moisture
content was more in fresh fish than in dried samples.
The natural sun drying usually takes three days for proper
drying of fish and drying reduced the moisture content of
the fish to 25% and if further dried to 15%, the growth of
mould will cease and thereby it increases the shelf life
[31]. Frazier and Westhoff [32] stated that, generally no

Fish is a low acid food and is therefore very
susceptible to the growth of spoilage bacteria. Fish begin
to deteriorate as soon as they leave the water. The
preservation of fish is therefore considered to be a major
hindrance to its production and utilization especially in
the tropical countries like India, where spoilage is rapid at
ambient temperature. Due to perishable nature of fish,
traditional methods of preservation have been developed
over the years which including salting, drying, smoking
etc [28]. Preservation process starts when it is harvested
and become complete when reaches the consumer’s table.
Among the different fish products, fresh and dried fish is
an important source of animal protein in Tamil Nadu. The
exports to the European countries have certain quality
norms but the small scale exporters did not worry about
that [29]. The quality of fish landings in the country is
generally poor and wastage is high, because icing facility
was given only to economically high valued fishes.
About 25-30 % of the catch landed by the boats is of poor
quality, as the fish holds of these boats are not
refrigerated. These boats aim at quantity rather than
quality and they sell the poor quality or spoiled fish to dry
fish processors at low price. Lack of knowledge regarding
improved fish handling and post-harvest practices has
contributed to the poor quality of fish and fishery
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microbe could grow in dried products with moisture
content below 15%. The obtained results of the present
study revealed the moisture content of dried puffer
fish were much higher than normally prepared from freshly
dried products. The other reason is that the dried
products were not properly packed so that they are more
susceptible to microbial contaminations. In the tropical
place like Tamil Nadu where relative humidity is always
high and there is chance of uptake moisture from the
environment. Excessive moisture uptake increases the
water activity which facilitates the growth of
microorganisms and reduces the nutrient and shelf life of
dried products [26]. Chaijan [33] observed the moisture
content level at 78.88 g in dorsal, 81.67 mg/g in ventral and
75.51 mg/kg lateral line region of fresh
Pangasianodongigas. In the present study also 78% of
moisture content was observed in fresh puffer fish
indicates the fish was not deteriorated.
The crude proteins content in fresh puffer fish sample
was 18.2% and it was increased in dried samples (43%).
Li et al., [9] reported protein content of farmed puffer fish
was 18.44% in meat and 17.15% in testis and very low
concentration in liver (3.89%). Increase of protein was due
to dehydration of water molecule between the proteins
causing aggregation of protein and thus results in the
increase in protein content of dried fishes [34].
The lipid content in fresh sample was 9.0% and varied
in dried fish samples (2.34%). Li et al. [9] reported that
lipid content of farmed fish was high 63.86mg/100g in
liver, 1.31 mg/100g in muscle and 1.82 mg/100g in testis.
The lipid contents were lower in dried samples than the
fresh fish; the variation could be the result of evaporation
of moisture content with lipids. The fat content may be
reduced with the evaporation of moisture content and
increase during heat treatment. Lipid content varied
greatly among the dried fish species, which was also
reported by Stansby [35]; Kalamani and Kamasastri [36]
(3.7-17.8%); Azam et al. [37] (97.7-26.13%) for other
species. Shahiduzzaman et al.[38] reported that the
Batashi fish (Clupiso maatherinoides) contains 3% lipid.
Dried Rita rita contains 13.92% lipid and dry fatty fishes
contain 7.10% of lipid in average [39].
The ash content varied between the fresh samples
(0.64%) and the value was 9.6% in dried samples. Average
ash content in the samples obtained from the study area
was high as generally expected for dried products. This is
perhaps due to contamination with sand and filth during
drying. Clucas and Ward [17] reported that inorganic
contents remain as ash after the organic matter is removed
by incineration. Natural sun drying was done in open

space which allows settling of wind borne dust, insect
and bird infestation. It would increase the inorganic
contents in the samples and this may be the major reason
for higher ash content in the dry samples.
Love [40] described that fish store most of their
carbohydrate reserves in liver only as glycogen and the
levels in muscle as glucose and glycogen. Fresh sample
had a carbohydrate level of 7%, whereas the samples of
naturally sun dried sample contain 0% of carbohydrate
level. The result obtained in this investigation is more or
less in agreement with the general rule formulated by
Standsby [35] where there is an inverse relationship exists
between the oil and moisture content of fish. The amount
of carbohydrate in fish muscle is generally too small to be
of any significance in the diet. The carbohydrate level of
the Puffer fish were varied from 1.87 % to 1.96 % in L.
lunaris and L. inermis[8]. Similar works were done by
some other fish species. Nurnadia et al. [41] were
recorded the carbohydrate concentration in marine pelagic
fish Fringescale sardinella from west coast of Peninsular
Malaysia. This Pelagic fish had 3.07 % of carbohydrate.
The carbohydrate level in catfish Clarias gariepinus
have been recorded in the level of 14% in fresh, 5. 48 % by
raw drying method, 2.78 % by Kiln-dried method and 3.84
% by electric- dry method [42].
Concerning to the minerals, K was the most abundant
macro element in fish samples and at the same time Zn
accounts for the majority of the microelement in the
sample. This was agreed with the results of farmed puffer
fish studied by Li et al., [9]. The values of calcium,
potassium, copper, zinc and iron recorded for all the fish
were significantly higher than the reference values of
WHO [43]. The fresh fishes of M. vollenhovenii and P.
clarkii have the mineral content Ca (840mg/100g) and
(1625mg/100g) and Fe levels was (119mg/100g and
35mg/100g and Mg levels 450mg/100g and 620mg/100g
respectively [44]. In the present study the fresh and dried
puffer fish have the mineral content Ca (2541 mg/100g)
and (2560 mg/100g), K levels (569 mg/100g) and (610
mg/100g) and Na levels (256 mg/100g) and (266 mg/100g),
Mg levels (98 mg/100g) and (112 mg/100g), Fe levels (39
mg/100g) and (40 mg/100g), Zn levels (26 mg/100g) and
(29 mg/100g), Cu levels 1.8 mg/100g and 2.0 mg/100g,
Phosphorus levels (14.2 mg/100g) and (19.4 mg/100g).
The observations in dietary mineral suggest that the
puffer fish samples could provide a significant proportion
of calcium if consumed regularly. Ca in conjunction with
P, Mg, Mn, vitamin A, C and D, Chlorine and protein are
involved in the bone formation, but ca is the principal
contributor. It plays important role in blood clotting in
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suggested by different researchers for various fish and
fish products. A value of 35 mg N/100g of TVB-N and 15
mg N/100g of TMA-N has been suggested border line
[50]. TVB-N is mainly contributed by ammonia in the
muscle produced by deamination of muscle proteins [51].
In the present study, increases of both TMA-N and
TVB-N after processing into dried fish may be due to
microbial activity, absorption of moisture and relative
decrease in salt content. It is difficult to fix the limit
of TVB-N for cured products due to variety and
diversity of products and their processing procedure.
In the experimental fishes also due to the processing
effects little amount of volatile amine production was
occurring.
FFA value is a measure of the extent of oxidative
deterioration in oily fish, but it can fall further at latter
stages of fish spoilage [52]. The FFA value of fresh puffer
fish was 2.3% (oleic acid percentage) and 6.99% for sun
dried puffer fish. FFA values increased during the
processing time. Lipid hydrolysis by itself has no
nutritional significance but the accumulation of free fatty
acids in fish oils in undesirable amount due to increased
susceptibility to oxidation and consequent development
of off flavors [53]. Bimbo [54] suggested the acceptable
limit of FFA was 2-5% and in this study, the FFA value
become unacceptable in fishes after salting and drying.
Lipid hydrolysis occurred to a great extent at the end of
the storage period, as the increase of FFA content of the
samples reveals the loss of freshness [55] and the
formation of FFA does not lead to the nutritional losses
[56]. The results of free fatty acids indicated that salting
and drying conditions accelerate lipid oxidation. A high
level of FFA is a characteristic of product that have
undergone both microbial and biochemical spoilage.
There has also been a long debate over claims that lipid
hydrolysis and associated accumulation of FFA
contributes to accelerated protein denaturation in fish
[57].
Oxidation rancidity is most often measured by
2-thiobarbituric acid (TBA), peroxide value (PV) or
carbonyl value [58]. Peroxide value was used to determine
the quality of fat and it is widely used as an indicator for
the assessment of degree of primary lipid oxidation and
the values expressed as millimoles or milliequivalents of
active oxygen per kg of fat [33]. Connell et al. [59] has
suggested that if PV is alone 20 milimoles of oxygen per
kg of fat, then the fish may show off odour and rancid
taste. In the present study lipid oxidation was observed in
both fresh and dried fish, but the amount was slightly
exceeding the acceptable limit only in dried puffer fish.

Table 3: Quality characteristics of fresh and dried puffer fish
Parameter

Fresh fish

Dried fish

TMA-N (mg/100g)

6.8

11.53

TVB-N (mg/100g)

13.48

28.11

FFA(% of total lipid as oleic acid)

2.3

6.99

Peroxide value (millimoles of O2/kg fat)

7.3

21.44

pH

7.2

6.3

muscle contraction and in certain enzymes in metabolic
processes. The samples were good sources of
magnesium, sodium and potassium. Magnesium is an
activator of many enzyme systems and maintains the
electrical potential in nerves [45]. Potassium is primarily an
intracellular cation, in large part this cation is bound to
protein and with sodium influences osmotic pressure and
contributes to normal pH equilibrium. Potassium and
sodium are widely distributed in foods with plant
containing less than animal sources. When the amounts
of these minerals were compared with the suggested
values all the samples can be considered as good sources
of these minerals if it is fresh and processed hygienically.
The chemical assessment of oxidative and hydrolytic
rancidity was carried out on fresh and dried puffer fish are
shown in Table 3. Total volatile bases (TVB) are a group
of biogenic amines formed in non-fermented food
products during storage [46]. The combined total amount
of ammonia (NH3), dimethylamine (DMA) and
trimethylamine (TMA) in fish is called the total volatile
base (TVB) nitrogen content of the fish and is commonly
used as an estimate of spoilage and has been widely used
as an index for freshness of fish [47]. The increase in the
amount of TVB is parallel with the increase in TMA
during spoilage. As the activity of spoilage bacteria
increases after the death of a fish, a subsequent increase
in the reduction of TMAO to TMA [48]. The source of
DMA and TMA in fresh and processed fishery products
is trimethylamine oxide (TMAO). TVB-N is present in very
small quantity in fresh fish and produced mainly due to
bacterial action and is mainly constituted by ammonia in
the muscle produced by deamination of muscle adenylic
acid and by process leading to denaturation of muscle
protein. In spoiling fish, volatile bases are produced by
putrefactive process and are determined as a measure of
content of spoilage which the fish has undergone.
Wallace [49] has pointed out that TVB-N is better index of
spoilage. In the present study trimethylamine nitrogen
and total volatile base nitrogen of fresh fish was 6.8 and
13.48 mg N/100g and dried fish was 11.53 and 28.11 mg
N/100g respectively. TMA-N and TVB-N content of both
fresh and dried fishes was found below the level
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The high degree of unsaturation in the form of multiple
double bonds in fatty acids renders fish highly
susceptible to oxidative rancidity [60]. Bernardez et al.
[61] stated that double bonds of unsaturated fatty acids
are highly susceptible to oxidation and this leads to the
production of carbonyls and other secondary oxidation
products which impart the characteristic rancid off flavor
to the product. The result indicates that the salting and
drying conditions accelerate the lipid oxidation and this is
in agreement with the results of previous workers [62 and
63] and factors that influence lipid oxidation were reported
by Burlakova et al. [64].
pH value is a reliable indicator of the degree of
freshness of spoilage. The pH in fresh condition in fish
flesh is almost neutral [65]. Because of the decomposition
of nitrogenous compounds, pH in the fish flesh increase
in the post mortem period. The increase in pH indicates
the loss of quality. The pH value of sundried salted fish
was 6.3 in the present study. Because when salt is added
with the fish, pH value decrease due to increase of acidic
compound and after that during the storage pH value
increases in the time due to increases of basic
compounds. The limit of acceptability of fish products is
usually 6.8 to 7.0 [66]. While the slight increases of pH in
fresh fish may be due to processing of fish manually in
room temperature and method of salting is responsible for
decreases the pH in dried fish.
For food quality of fresh and dried fish products was
analyzed by determining the bacteriological aspects are
very important. Microbiological analysis also showed
variation among the samples. The total bacterial count,
total fungal count, E. coli, Salmonella, Vibrio, Coliforms,
Staphylococci, Streptococci, were assessed in both fresh
and dried puffer fish and the result a were presented in
Table 4. The result of microbial analysis showed that the
TPC and TFC were high in fresh fish compared to dried
fish. It reveals that due to the unhygienic handling like
removal of skin and visceral organs from the fresh fishes
by manually and this would be responsible for the higher
bacterial and fungal count. Mansur et al. [67] determined
the total bacterial count of fresh and traditionally dried
fishes ranged from 1.0×105 and 1.0×106 cfu/g which is
agreement with the present study. Taking the 107cfu/g as
the upper acceptable limits for fresh and frozen fish and
cold smoked fish species [68], the both fresh and dried
puffer fish was considered acceptable quality. In fresh
kursa, 1.29 × 105 cells/g Total plate count (TPC) and 0.63
× 102 cells/g TFC has been reported by Litlabati et al. [69].
Not all fungi which occur in fish are considered
deleterious. Moulds are one of the important causes of

Table 4: Microbiological quality characteristics of fresh and dried fish
Parameter

Fresh fish

Dried fish

Total bacterial count (cfu/g)
Total fungal count (cfu/g)
Coliforms
E. coli
Faecal streptococci
Staphylococcus
Salmonella
Vibrio

3.7 × 106
1.5 × 106
+
+
+
+
+
+

2.1 × 105
5.5 × 104
+
+
+
+
+
+

spoilage of salted dried fish products and they produce
mycotoxins and they are able to grow in salt
concentrations between 5 and 26% [70]. In the present
study fungal count was found in both fresh and dried
fish. Products deteriorate by growth of moulds if the water
content is approximately 15% [71]. These observations
were in close agreement to the present study. The rapid
reduction in the water activity (aw < 0.75) is the most
important factor in controlling fungi/mould contamination
of the fishery products during storage [72]. Although,
there are several reports on increases of consumers being
poisoned by mycotoxins in fishery products; there is a
definite risk to human health considering how fish are
traditionally processed. In the present study fungal
colonies were observed in the local export quality fresh
and dried puffer fish having contamination. This may be
due to post harvest delay, improper transportation,
unhygienic handling and processing during the salting
and sun drying process, contaminated working floor, salt
and water. Patterson and Ranjitha [73] observed higher
fungal contamination in commercial sun dried fishes of
Tuticorin dry fish market.
Some dominant food borne pathogens such as
Coliforms, E. coli, Streptococci, Staphylococci,
Salmonella and Vibrio were also identified. Thus, fishery
products have also been recognized as carriers of health
hazards such as disease causing microorganisms
Salmonella sp. and Vibrio sp., in addition to parasites,
natural toxins, heavy metals and other pollutants.
High microbial load in raw fishes indicates that raw fish
would decompose very quickly at ambient temperature
and the presence of coliforms, staphylococci and
salmonella indicates the raw fish handling is not safe.
Fish is thus a product that needs proper handling and
processing in order to preserve nutrients and its
functional components that promote good health. The
heat applied during drying cause considerable reduction
of microorganisms of various types. Drying by heat
usually destroys all yeasts and most of the bacteria, but
spores of some bacteria and molds usually survive.
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Fig. 1: Puffer fish processing steps
Immaculate et al. [74] studied the microbial quality of
commercially available dried fishes of India and reported
the presence of microbes. The presence of higher fungal
colony becomes the possible source of fungal toxins
transmission among consumers. Fungal colony generally
grow faster and are more resistant to high temperature and
low water activity and tend to dominate spoilage in
warmer climates [75]. In our present investigations
microbial load in the samples from local processing
centers was high due to clean and safe practices that were
not followed properly. In general, fish are risky
commodities which are difficult to handle and distribute.
However, if fresh fish is handled properly it will rarely lose
its wholesomeness. Good quality raw material supply is
essential for both domestic consumption and value-added
product development for export market. It needs proper
research support to produce safe and quality product for
export.
However, the results of the present investigation
state that the biochemical composition is quite
satisfactory in the fresh and dried fish species. From these
results, it can be concluded that puffer fish, both fresh
and dried can provide satisfactory nutrition to the nation,
but the quality should be improved while during
processing.

condition. If modified processing is followed with
maintaining the proper hygiene and sanitation,
the produced products will get higher price. The
quality and safety of fleshes both in fresh and
dried products highly desirable in the health
conscious people in the country and to achieve
this improved method of hygienic practicing and
maintenance of freshness
should
be
practiced
throughout the processing centers. Based on this
conclusion
and filed observations, this study
recommended promotion of sanitation and hygiene
campaign in all fresh and dried fish outlets
whether local or out markets including fresh fish
vendors through regular visitations and training by
quality regulators.
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