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Abstract: This study describes the relationship between the freshness of the starting raw material (fish) and
the final product quality in experimentally dried shark fish. Sharks were stored at room temperature (25ºC) for
0, 24 and 48 h and then salted, processed and sun dried at ambient temperatures ranging from 35 to 42ºC. There
was marked difference in sensory and microbiological quality of fresh fish stored to different time periods, but,
after drying, the quality difference was negligible. The results of this study show that storage of fish up to 48
h under experimental conditions at room temperature does not affect major microbiological quality and
proximate composition of the final dried product.
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INTRODUCTION

Dried fish is a major component of harvested
fisheries in many countries including Oman. About 25-
30% of the world catch is being used for human
consumption as dried, salted, smoked or treated by some
combination of these processes (Kamruzzaman, 1992).
Fish is a very perishable commodity and hence
susceptible to rapid and high post-harvest quality losses
(FAO, 2008). Traditionally, fishermen often resort to
salting and drying in order to preserve and save surplus
fish harvested during peak harvest seasons for use during
off seasons. In addition, some high value products such as
shark fin and fillet are dried for export markets. 

The major quality control issues encountered in dried
salted fish are the variable but often low quality final
product, its high salt content, insect infestation and
microbial contamination which induce a rapid rate of
deterioration during transport, distribution and storage
(Maruf et al., 1990). Dry fish production plants in most
countries are located in very remote rural locations,
characterized by lack of infrastructure facilities and poor
sanitary conditions. The Codex Alimentariuscommission
recommends that only most fresh fish intended for human
consumption should be used for preparing dried fish
(Codex Alimentarius, 2003). However, very often, the
harvested fish intended for drying reach the processing
plants in a highly spoiled state several days after the
harvest. The processing plants generally lack cold storage

facilities and the fish will be stored at ambient
temperature until processed. The products are processed
in a highly traditional way without following standard
Good Manufacturing Practices (GMP) and Good Hygiene
Practices (GHP). Obviously, the above mentioned factors
significantly affect the quality of the final dried product.
Owing to these reasons, the quality and safety of the final
products are highly unpredictable and a range of quality
variations are observed for the same product group (FAO,
1981). Scientific knowledge of the quality and safety of
dried fishery products produced in most developing
countries is poorly developed. Several studies have
attempted to determine the effect of different processing
methods and processing conditions (Sablani et al., 2003;
Adebayo-Tayo and Ogunjobi, 2008; Chukwu, 2009) and
storage temperature (Köse and Erdem, 2004) on the
quality of dried fish products. 

Freshness of the raw material is an important
parameter that affects quality of salted dried fish.
Generally, the quality of the salted dried fish depends on
the quality and chemical composition of raw material.
However, there is no much scientific data on the effect of
freshness of the starting material (fish) on the final
product quality of dried fish. Barat et al. (2006) studied
the effect of Cod freshness on the salting, drying and
desalting stages of the fish processing. The freshest raw
material was found to give the lowest overall yield and the
lowest salt uptake (Barat et al., 2006). There is absolutely
no  scientific  data  on  the  effect  of  the  freshness of the
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starting material (fish) on the quality of the final salted
dried fish products processed and produced in Oman.
Therefore, this study was undertaken to assess the effect
of spoilage of fresh fish used in making dried fish on the
final product quality. Sensory, microbiological and
biochemical proximate analyses were carried out on fish
stored at room temperaturefor different time periods
before and after drying.

MATERIALS AND METHODS

Fish sampling, salting and drying: Fresh hard-nose
shark, Carcharhinus macloti (1.5 to 3 kg individual
weight) intended for drying was obtained from Matrahfish
market in Muscat, Sultanate of Oman. All fish used in the
experiment were brought to the laboratory in ice boxes
and immediately subjected to a sensory analysis based on
5-point hedonic scale using the method modified from
Meilgaard et al. (1991), by a five-member trained panel
from the Fishery Quality Control Center. This evaluation
was mainly based on four quality descriptions, i.e.
appearance, texture, taste and smell. Based on the sensory
analysis, only fishes with the highest points in the hedonic
scale, showing the highest quality attributes were chosen
for the experiment. 

The selected fishes were grouped into three groups of
five fishes. The freshest fish group was sampled
immediately for sensory, microbiological and proximate
analysis at the beginning of the experiment without any
time delay. The other two groups of fishes were kept in
clean plastic basins for 24 and 48 h at room temperature
(25ºC) and then sampled for sensory, microbiological and
proximate analysis. Fishes from each group were
aseptically gutted, eviscerated, washed, cleaned and salted
individually in clean plastic basins at a fish to salt ratio of
3:1. The salting process was allowed to continue
overnight. The fishes were washed next day and dried by
exposing to ambient sunlight at temperatures of 35 to
42ºC on drying racks made of plastic coated metallic wire
mesh racks. The fishes were allowed to dry for 7 days
after salting. The racks with fishes were covered with
fishnets during day time to prevent insects and other
pests. At night, the racks were covered with plastic sheets
to prevent water ondensing on the drying fishes. All dried
fishes were sampled for sensory, microbiological and
proximate analysis at the end of drying.

Microbiological analyses: Muscle tissue samples of 10
g from each fish was aseptically cut out and transferred to
stomacher bags containing 90 mL of Buffered Peptone
Water (BPW) solution (Oxoid, Hampshire, UK). The
tissues were stomached for 30 s in a stomacher.
Appropriate dilutions were surface plated in duplicate on
appropriate media for detection or enumeration of bacteria

Table 1: Microbiology of three quality grades of shark before and after
drying

Quality category Organisms (before/ after drying) (cfu/g)
----------------------------------------------------------

Fresh fish TVC** 1.54 × 104/3 × 10
- Coliforms 4.49 × 102/ N.D*
- Yeast & mold 3.84 × 102/ 2 × 10
24 h stored fish TVC 2.20 × 104/ 7× 10
- Coliforms 4.98 × 102/ N.D

Yeast & mold 4.61 × 102/ N.D
48 h stored fish TVC 2.18 × 104/ 6.26 × 102

- Coliforms 8.94 × 102/ N.D
- Yeast & mold N.D/ 11 × 10
*: Not detected; **: Total Viable Count

or yeast-mold (BAM, 1995). The microbiological media
and incubation conditions used for enumeration of
microorganisms were Plate Count Agar (PCA) for Total
Viable Count (TVC) of mesophilic aerobic
microorganisms (at 30±1ºC, 24 h). The count of coliform
group bacteria was determined on Violet Red Bile Agar
(VRBA) (30±1ºC 24 h) (BAM, 1995). Presence of
Escherichia coli was determined on Tryptone Bile X-
glucuronide medium (TBX) (BAM, 1995). Biard Parker
agar (BP) was used for counting Staphylococcus aureus
(37±1ºC 24-48 h) (BAM, 1995). Salmonella was detected
on Xylose-Lysine-Desoxycholate agar (XLD) (BAM,
1995). The count of Vibrios was done on Thiosulfate
Citrate Bile Salts Sucrose agar (TCBS) (BAM, 1995).
Detection of Listeria was carried out using PALCAM
agar (BAM, 1995). Yeast and mold was enumerated on
Oxytetracycline-glucose-yeast Extract agar (OGYE)
(BAM, 1995). All culture media were purchased from
Oxoid (Hampshire, UK).

Proximate analysis: The proximate compositions were
assayed as described by AOAC (2005). All chemicals
used were of analytical grade and supplied by Sigma Co.
(St. Louis, USA). Water activity (aw) was measured with
a aw measuring system (Novasina  ms1, Switzerland)
according to manufacturer’s instructions. Each analysis
was carried out in triplicates.

RESULTS AND DISCUSSION

Fishes used in the experiment was the best quality
fish available in the market. The results of
microbiological analysis of the fresh fish and fishes stored
at room temperature for 24 and 48 h are given in Table 1.
The total viable count of bacteria increased from the
background number of 1.54×104 cfu/g in fresh fish to
2.20×104 and 2.18×104 cfu/g in 24 and 48 h stored fish,
respectively. This increase in the total number of bacteria
is as expected. When the freshest fish and the 24 h stored
fish were dried, there was about three-log reduction in
bacteria.  When  the 48 h stored fish was dried there was
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Table 2: Proximate composition of three quality grades of shark before and after drying
Amount ± SD (before/ after drying)
-------------------------------------------------------------------------------------------------------------

Components Fresh fish 24 h stored fish 48 h stored fish
Protein (%) 22.1±0.15/ 44.72±0.12 21.78±0.18/ 43.87±0.16 20.41±0.16/ 38.93±0.17
Fat (%) 6.695±0.03/ 7.48±0.06 5.9±0.02/ 7.25±0.055. 06±0.03/ 7.21±0.05
Ash (%) 0.92±0.01/ 27.54±0.09 0.81±0.007/ 29.86±0.09 0.8±0.003/ 29.79±0.14
Salt (%) 0.6±0.04/ 17.34±0.07 0.99±0.02/ 19.03±0.08 1.18±0.04/ 18.40±0.11
Moisture (%) 50.41±0.16/ 33.01±0.14 63.21±0.18/ 29.43±0.11 66.18±0.18/ 32.17±0.10
Water activity 0.89±0.002/ 0.69±0.004 0.89±0.02/ 0.71±0.04 0.88±0.006/ 0.71±0.009

only a two-log reduction in total bacterial numbers. After
drying, the total viable counts in the fresh fish, 24 h and
48 h treatment groups were 3×101, 7×10 and 6.26×102

cfu/g, respectively. The total coliform counts in the fresh
fish, 24 and 48 h groups were 4.49×102, 4.98×102 and
8.94×102 cfu/g, respectively. After drying, coliforms were
not detected in all three groups of fishes. According to
Barat et al. (2006), with respect to sensory quality and
microbial status, the freshest raw material tended to give
a harder fish with less flakiness. They also observed that
the content of spoilage bacteria immediately after
desalting was slightly lower for freshest raw material than
for the others, but the difference hardly had any influence
on the storage stability of the product. However, the
desalted fish from the freshest raw material had more
different strains than the other raw materials after
desalting.

In our study no pathogenic bacteria were detected in
the raw and dried fish samples. Thus, this study shows
that proper drying of the product in a hygienic way can
prevent the growth of most bacteria and can render the
product safe for human consumption. Yeast and mold
counts were 3.84×102 and 4.61×102 cfu/g in the fresh fish
and 24 h groups. However, yeast and mold were not
detected in fish storedfor 48 h. After drying the yeast and
mold counts in fresh fish, 24 and 48 h stored fish were
2×101, 0 and 11×10, respectively. The dried fish in hot
humid tropical climates are liable to deteriorate during
storage due to mold growth. The high yeast and mold
counts in the fish samples may be due to high moisture
content and high relative humidity in the atmosphere. 

The proximate composition of the three treatment
groups fresh fish, 24 and 48 h stored fish is shown in
Table 2. The protein, fat and ash content of fresh fish, 24
and 48 h stored raw fishes did not vary significantly. The
protein, fat and ash content increases in the dried fish
proportional to the water content removed from the fish.
The water  activity  in the undried fresh fish and 24 and
48 h stored fish groups were 0.89, 0.89 and 0.88,
respectively. After drying, the water activity values of
fresh fish, 24 h and 48 h stored fish groups were 0.69,
0.71 and 0.71, respectively. Bacteria should not grow at
a water activity level of 0.7 (Brewer, 1999). Hence, the

bacteria observed in the dried products may be secondary
contamination from environment or from handling of the
product. Drying shark up to 48 h did not result in gross
microbiological quality changes in the product. Also, the
storing of the raw fish for 48 h does not change the
proximate composition of fish. However, it should be
noted that there may be differences in some other quality
parameters not analyzed in this study. For example,
vitamin and mineral composition, levels of secondary and
tertiary amines formed in dried fish such as nitrosamines
can variously affect the quality of the product.

CONCLUSION

Proper hygiene and handling are very important in
preventing the contamination and growth of
microorganisms in dried fish and for keeping dry fish
safe. It may be concluded that the storage of the raw fish
up to 48 h at 25°C does not appreciably affect the major
microbiological and biochemical quality of fish tested in
this study.
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