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Abstract: Dried fish is a rich source of protein, lipid and minerals that can serve as a promising source of nutrients to alleviate
malnutrition in low-income countries. Nowadays, fish drying is becoming an increasing practice to extend the shelf life of excess
catch in areas where other preservation mechanisms such as cold storage are scarce. However, since the drying is often performed
in a rural setting with poor hygienic conditions, the microbial quality of such products is uncertain. This study was conducted to
evaluate the microbial quality of traditionally dried fish products from sites around the lakes of Tana, Ziway and Chamo, where
fish drying is commonly practiced in Ethiopia. Eighteen composite samples were analyzed to determine the microbial load and
water activity. High microbial load was recorded in most of the dried fish samples as indicated by total viable count (10° to 10’
cfu/g); lactic acid bacteria (90" to 10® cfu/g); total coliforms (<10 to 10* cfu/g), and yeast and molds (10 to 10° cfu/g). The water
activity value of all the dried fish samples was below 0.80, indicating the adequacy of the drying since the growth of pathogenic
bacteria is not expected at a water activity below 0.86. However, a lack of hygiene during processing and handling was generally
noticed. Hygienic processing and process standardization are required to improve the microbial quality of the dried fish.
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and extend the shelf life without a significant loss of quality.
Cold storage being the preferred method, limitations to fulfill
storage facilities such as refrigerators usually force small scale
fish producers to look for alternative technologies for the
preservation of their produce. Fermentation, drying and
smoking could be the most frequently used alternatives
applied worldwide to preserve fish for a long period. In
Ethiopia, fish fermentation and smoking are rarely practiced
but drying is common in Gambella riverine fishery and lake
fisheries in Ziway, Chamo and Tana.

Traditional drying is usually practiced in rural settings in
poor hygienic condition often leading to microbial
contamination. In addition to the lack of hygiene,

1. Introduction

Fisheries contribute a substantial role in reducing food and
nutrition insecurity for the very poor in most developing
countries. Because of its incredible nutrient composition, the
contribution of fish for proper nourishment and health is a
widely documented fact. Fish is rich in quality protein with
high bioavailability of essential amino acids, essential fatty
acids and minerals such as iron, zinc, calcium, vitamin A, and
vitamin B12, which in most cases lack from staple diets in
low-income countries like Ethiopia [1]. In addition to the
importance for proper nutrition, the role of fish consumption
in promoting health has been widely declared. However, the

unique nutrient composition of fish is not only preferred by
humans but also made the fish a suitable medium for the
growth and multiplication of microorganisms. As a result, the
fish might become spoiled and unsafe for human consumption
rapidly than other perishables unless preserved properly [2-4].

Different techniques have been employed to keep fish safe

contaminants such as air, dust, contaminated water, and soil
could also adversely affect the quality of dried fishes [5]. The
presence of microorganisms in high numbers specially
pathogens of known food safety concern could affect
consumer health. Evaluating the level of contamination is
necessary to know the safety of dried fish and ensure whether
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it is safely edible or not.

Qualitative and quantitative investigation of bacterial and
fungal contaminants are often used to evaluate the safety level
of dried fish products. Besides, the water activity of dried fish
powder could also indicate the types of microbial
contaminants. Limited information is available on the
microbial safety of dried fish products in Ethiopia. This study
was carried out to evaluate the microbial load of locally
prepared dried fish products from Lake Ziway, Lake Chamo
and Lake Tana sites in Ethiopia.

2. Materials and Methods
2.1. Sample Collection

Samples were collected from major dried fish producers
located based on Lake Tana, Lake Ziway and Lake Chamo.
From the Lake Tana site, samples were collected from
Bahirdar, Werota and Enfranz sub-sites which are located in
the south, east and northern parts of Lake Tana respectively. In
the lake Chamo site, samples were collected from two
sub-sites namely Gint and Dedo sub-sites. In lake Ziway, the
majority of dried fish producers are found only on the Tulu
gudo island, from which samples were collected. Description
of all the samples is presented in (Table 1).

Table 1. Sample description.

Location Sub-site Species Sample code
Bahirdar L. barbus BB

Lake Tana Werota L. barbus WB
Enfranz C. gariepinus EG
Gint L. niloticus GN

Lake Chamo Dedo C. gariepinus DG

Lake Ziway Tulu gudo C. carpio TC

From each sampling sub-site, samples were purchased
from six randomly selected dried fish producers.
Depending on the size of dried fish, three to six dried fish
were aseptically collected for each species and kept as one
sample in a sterile polyethylene package. The samples were
then immediately transported to the National Fishery and
Aquatic Life Research Center (NFALRC) laboratory for
analysis.

2.2. Microbial Analysis

2.2.1. Total Bacterial Count (TBC)

Plate Count Agar (PCA) was used to determine the total
microbial load of fish. Using separate sterile pipettes, decimal
dilutions of 10 to 10™ of sample homogenate was prepared
by transferring 1 ml of the previous dilution to 9 ml of sterile
peptone water. The dilutions were mixed using a vortex mixer,
and 1 ml of appropriate dilution was transferred into separate,
duplicate, appropriately marked and sterilized Petri dishes.
Then, PCA was cooled to 45+1°C and 15-20 ml of the medium
was added to each plate within 15 min of original dilution.
After that, the sample dilutions and agar medium were mixed
thoroughly and uniformly by alternate rotation and
back-and-forth motion of plates on a flat level surface. Then,

the agar was left to solidify for 15 minutes and the solidified
Petri-dish was inverted and incubated promptly for 48+2 h at
35°C. Finally, the number of Colonies was counted and
multiplied by the dilution factor to calculate the total colonies
forming units per gram of sample [6].

2.2.2. Total Coliform Count (TCC)

Violet Red Bile Agar was used to determine total coliform
bacteria following the standard method [7]. From the
homogenate, 1 ml of serially diluted (10" to 10*) sample was
transferred into 9 ml sterilized peptone broth in test tubes. The
dilutions were mixed using a vortex mixer. Then 1 ml of
appropriate dilution was transferred into separate, duplicate,
appropriately marked and sterilized Petri dishes. Then, 15-20
ml of the medium was added to each plate within 15 min of
original dilution. After that, the sample dilutions and agar
medium were mixed thoroughly and uniformly by alternate
rotation and back-and-forth motion of plates on a flat level
surface. Then, the agar was left to solidify for 15 minutes and
the solidified Petri-dish was inverted and incubated promptly
for 48+£2 h at 35°C. Finally, the number of Colonies were
counted and multiplied by the dilution factor to calculate the
total colonies forming units per gram of sample.

2.2.3. Lactic Acid Bacteria (LAB)

MRS agar was used to determine Lactic Acid Bacteria
according to the standard method [8]. From the homogenate, 1
ml of serially diluted (10" to 10”*) sample was transferred into
9 ml sterilized peptone broth in test tubes. The dilutions were
mixed a vortex mixer. Then 1 ml of appropriate dilution was
transferred into separate, duplicate, appropriately marked and
sterilized Petri dishes. Then, 15-20 ml of the medium was
added to each plate within 15 minutes of original dilution.
After that, the sample dilutions and agar medium were mixed
thoroughly and uniformly by alternate rotation and back and
forth motion of plates on a flat level surface. Then, the agar
was left to solidify for 15 minutes and the solidified Petri-dish
was inverted and incubated in an anaerobic jar at 37°C for 48
hours.

2.2.4. Yeast and Mold

Yeast and molds were determined using potato dextrose
agar following a standard procedure [9]. From the
homogenate, 1 ml of serially diluted (10" to 107°) sample was
transferred to 9 ml sterilized peptone broth in test tubes. The
dilutions were mixed using a vortex mixer. Then 1 ml of
appropriate dilution was transferred into separate, duplicate,
appropriately marked and sterilized Petri dishes. Then, 15-20
ml of the medium was added to each plate within 15 min of
original dilution. After that, the sample dilutions and agar
medium were mixed thoroughly and uniformly by alternate
rotation and back-and-forth motion of plates on a flat level
surface. Then, the agar was left to solidify for 15 minutes and
the solidified Petri-dish was inverted and incubated promptly
for 5 days at 25°C. Finally, the number of colonies was
counted and multiplied by the dilution factor to calculate total
yeast and molds per gram of sample.
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2.3. Water Activity (a,,)

Water activity was measured by a portable water activity
meter. The sensor head was calibrated for 3 hours by putting
special paper supplied with the instrument on a sample cup
and moistened with the saturated barium chloride solution.
After one and half hours of calibration, the instrument was
adjusted to 0.90. Then the sample was put for 3 hours in a
disposable cup, completely covering the bottom of the cup.
The result was recorded after 3 hours [10].

3. Results and Discussion

2.4. Statistical Analysis

Data were analyzed using JMP Pro version 13 software.
Comparisons between means of microbiological parameters
for the different samples were carried out using Analysis of
Variance (ANOVA) and results with p values < 0.05 were
considered statistically significant. Further comparisons
between mean values of statistically significant parameters
were done using Tukey's multiple comparison test.

Table 2 Microbial quality and water activity of dried fish products in Ethiopia.

Sample Total viable count Total coliforms Lactic acid bacteria Yeast and mold S.aureus Ay

BB 3.08+1.36 x 107 ND 1.16+£0.52 x 10%® 8.174£6.63 x 10° 1.59+1.71 x 10* 0.75+0.01%
WB 3.65+3.09 x 10%% 1.9440.4 x 10° 4.45+0.93 x 10 4.57+0.85 x 10* 2.794+2.44 x 10° 0.77+0.03°
EG 9.76+5.56 x 10°® 8.1+0.8° 6.66+1.04 x 10% 2.474+2.43 x 10 5.18+2.08 x 10°* 0.79+0.01*
GN 5.36+1.40 x 10> 2.7340.09 x 10* 9.00+0.01 x10" 1.94+0.31 x 10* 4.34+0.95 x 10* 0.70+0.02°
DG 5.75+4.31 x 10% 2.46+2.10 x 10% 2.90+0.83 x 10%® 1.15+1.06 x 10* 3.9542.74 x 10* 0.73+0.02°
TC 4.20+1.40 x 10 421+5.15 x 10 6.48+0.98 x 10* 2.66+0.61 x 10* 2.8241.80 x 10* 0.72+0.01°
P value 0.0013 0.0025 <0.0001 0.1745 0.04 0.0013

Mean+Standard Deviation (Mean+SD) of microbial quality
indicators obtained from dried fish samples are presented in
(Table 2).

3.1. Total Viable Count (TVC)

The total viable count is one of the indicators for the quality
of dried fish. The population of TVC recorded in this study
varies from 4.20 x 10° in TC to 3.08 x 10" in BB samples.
Similar studies were conducted in dried fish and reported total
bacterial count ranging from 10° to 10° [11]. The total
bacterial load generally indicates the poor microbiological
quality of all the tested samples. Compared to the most
frequently used microbial criteria, the bacterial load of all
tasted samples under this study are below the standard [12].

3.2. Total Coliforms

In this study, coliforms were detected in more than 80% of
the tested dried fish samples. All the tested samples from lake
Tana (BB, WB & EG) showed a coliform count less than 100
while the other tested samples had a total coliform ranging
from 421 to 27,300. Although similar finding has been
reported from previous research [13], standards declare that
coliforms should not exceed 100 in a quality dried fish product
[14]. The water could be the major source for the
contamination by coliforms. Besides, lack of hygiene during
the drying process which might include the usage of dirty
processing equipment and poor handling of the fish might
have contributed to the presence of coliforms in such numbers.

3.3. Lactic Acid Bacteria (LAB)

The highest and lowest counted LAB were 2.9 x 10® in DG
and 9 x 10 in GN. The presence of LAB in such a high number
could have little implication regarding the spoilage of the
product since such a large number of LAB could exist for

several weeks before the fish is rejected organoleptically [15].
3.4. Yeasts and Molds

Yeast and mold count were recorded ranging from 2.66 %
10° to 8.17 x 10’ in TC and BB samples respectively. The
presence of yeasts and molds in such dried food products is
because of their higher tolerance in reduced water activity
levels in contrast to pathogenic bacteria which does not grow
at water activity levels below 0.86 [16].

3.5. Staphylococcus Aureus

The S. aureus count of all the samples was in a close
proximity ranging from 2.82 x 10" in TC to 5.18 x 10’ in EG
samples. S. aureus is known for a unique ability to survive in
harsh conditions such as low water activity and salt content.
Since the growth of this species is possible in a water activity
ranging from 0.83 to 0.99 [17], necessary precautions to avoid
an increase in water activity is required. Besides, the dried fish
products should be well cooked before consumption to ensure
safety.

3.6. Water Activity (AW)

All the tested samples showed a water activity value below
0.8 within a range between 0.70 to 0.79. Water activity is an
important factor in food preservation since it provides
information on the quality deterioration including the growth
of microorganisms [16, 18]. Most pathogenic bacterial
growth and toxin production are highly hindered at low water
activity. However, the survival of microorganisms is
common at water activity levels below the values found in
this study. This might pose a risk to consumers due to the
presence of infectious bacteria such as Salmonella and
Escherichia coli strains [19].
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4. Conclusion

The microbiological quality of traditionally prepared
dried fish was studied from villages located around three
lakes in Ethiopia. Based on the level of bacterial load, all
samples were heavily loaded with bacteria irrespective of
the sampling sites. However, a pronounced load of
coliforms was observed in samples from GN, DG and TC,
which could be sourced from contaminated water,
unsanitary utensils and/or poor hygienic handling during
the preparation of the dried fish. The recorded water
activity level i.e., < 0.80 could reflect that the drying
process is sufficient to remove the free water which could
have been used by pathogenic bacteria growth and toxin
production. It is generally noted that although dried fish
could serve as a nutritious component in a diet, the
microbial quality of these products is inferior and needs
improvement in preparation and handling processes.

5. Recommendations

The drying process in all study sites was undertaken in
open-air conditions with a high vulnerability to physical
and biological contaminants such as dust and insects
respectively.  Therefore, conventional sun drying
equipment would have a significant contribution to limit
contamination from the environment. Also, drying
processes in all sites were not standardized and vary from
place to place indicating the importance of standardizing
the drying process to meet certain safety criteria. This could
be done by researching to determine the time of drying,
required ingredients such as salt, and their amount
depending on the environmental condition and intrinsic
characteristics of each species. Furthermore, the existing
good practices should be shared from one place to the other.
One of the main finding in this study is identifying the pros
and cons of the drying process in each study site. It was
observed that the fish drying process in sites around lake
Tana (Bhirdar, Enfranz and Werota) well exploits the
preservative effect of salt by adding it as a major
preservative. On the other side, the fish drying process in
sites around Lake Ziway (Tulu gudo) and Lake Chamo
(Gint and Dedo) relies solely on the sun to dry and extend
the shelf life of the fish. However, in the later sites, the
edible portion of the fish is thinly striped using a knife to
accomplish fast-drying while the former sites usually dry
the whole edible fillet without the necessary dicing/striping.
Based on this fact, it is recommended to share the
experience of salting technology and sun-drying procedure
between the producers in the different sites. To achieve
expected improvement in quality, responsible bodies
should provide adequate training for the dried fish
producers on the topic of the hygienic fish drying process,
and packaging and storage conditions. In the end,
authorities should monitor dried fish producers and provide
necessary measures to ensure the wider consumers are
protected against unsafe products in the market.
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