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ABSTRACT:
This cross-sectional study was conducted from April to July 2014 in Khartoum state, the Sudan,
to investigate aerobic bacteria of skin of fish in 3 different areas in Khartoum. A total of 150
samples were collected from the skin and gills. Liquid, semi-solid, and solid culture media like
nutrient broth, blood agar, MacConkey agar and Simmon's citrate medium were used for the
isolation and identification of bacteria and fungi. Besides, Gram staining and biochemical
characterization were also conducted. Culturing of the collected samples revealed growth of
bacteria from all samples collected and gills showed the Salmonella highest contamination.
Bacteria isolated, mainly Salmonella species, and E.coli. Also a questionnaire was used. A
majority of the respondents had a good level of knowledge and positive attitude about food
hygiene, only minor of the respondents had a good level of hygienic practice. It was revealed that

64.7% and 46% of the respondents received training on food hygiene and environmental health
worker inspection respectively. It was also revealed that, there were relationships between
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knowledge, attitude, formal training on food hygiene and the level of food hygienic practices.
Fishes skin and gill were found to harbor many pathogenic bacteria and may be a source of
infections and can transmit several pathogens to workers in fish farms and consumers. Therefore,
thorough and strict routine inspection of fish is recommended to ensure safety and that there are
no serious risks to consumers. For controlling the contamination strict control measure can be
used such as HACCP and other food safety management system.

Keywords: bacteriological ,contamination, fish

Introduction:

Seafood and fish constitute an important food component for a large section of world population
(Wafaa et al., 2011). They come after meat and poultry as staple animal protein foods where fish
forms a cheap source of protein (Wafaa et al., 2011). Sea foods have traditionally being a
popular part of the diet in many parts of the world and in some countries constituted the main
supply of animal protein. Today, even more people are turning to fish as a healthy alternative to
real meat (Adebayo-Tayo ef al., 2012). Sudan is one of the largest countries in Africa with an
area of 1861500 km. The contribution of fisheries to the gross domestic product (GDP) is
currently marginal, however Sudan is endowed with water resources and lands that can support
vigorous capture fisheries and aquaculture ( FAO,2014). Tropical fish can be either salt water as
marine or fresh water as Nile , species are available in huge variety of colour and size (Russell et
al 2014) . On a global scale, fish and fish products are the most important source of protein and
it is estimated that more than 30% of fish for human consumption comes from aquaculture (
Hastein et a/ 2006 ) . In Africa, fish supplies 17% of protein and it is one of the cheapest source
of protein (Calcus and Ward 1996 ). The advantage of fish as food is as a result of its easy
digestibility and high nutritional value. Fish should be viewed not only as food, but also as a
really source of income in the small holder farming sector (Smith and Yoshida , 2000) . Fish is
easy to digest and taste delicious can be prepared easily in many food industries , fish oil also
important and necessary to children (Kamel et al., 2013) ,also fish is good food for the brain as
well as contain protein and a wide variety of vitamins and minerals including vitamin A and D,
phosphorus , magnesium , selenium and iodine ( FAO ,2004). The vast majority of outbreaks of
food-related illness are due to pathogenic microorganisms, rather than to chemical or physical
contaminants. As they are generally undetectable by the unaided human senses (i.e.they do not
usually cause colour changes or produce off-flavours or taints in the food) and they are capable
of rapid growth under favourable storage conditions (Lelieveld et al., 2003). E.coli is the most
common contaminant and is often encounter in high number that reported by Thampuran et al.,
(2005). Morales et al.,(2004) found that Salmonella spp is most in the external surface of Tilapia.
HACCEP is management system in which food safety is addressed through analysis and control of
biological, chemical and physical hazards from raw material, production, procurement and
handling to manufacturing, distribution and consumption of the finished product (NACMCEF,
1992). The need for HACCP, to successfully implement HACCP in food supply system,
authorities responsible for food safety should be aware to system such as HACCP. In a survey
conducted to find out whether HACCP was more effective strategy than their current or other
methods industry groups had used to secure food hygiene 41% strongly agreed 50% agreed ,
while only 9% did not think that the strategy was more effective than their current provision
(Ehiri et al., 1997) . This study conducted to isolate the gram-negative bacteria and to discuss the
hazards from environmental factor that effect fish farm in Khartoum state .
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Materials and Methods:

Study area:

A cross-sectional study was carried out from April to July 2014 in Khartoum state. Aquiculture
farms in three localities were investigated, namely; Khartoum, Khartoum North (Bahry) and
Omdurman.

Sample size:

A total of 150 samples were selected randomly from 3 fish farms. Selection of the farms was
based on the willingness of the owners to participate in the study. That means not all the farms
has the same chance for being selected and this was called Non-probability sampling methods as
described by Thrusfield (2007).

Samples collection:

A total number of 150 samples were collected from the skin and gill of fish. Samples were
collected as described by Buller (2004). For investigation of bacteria, the samples were taken
with a cotton swab from 10 cm® - depending on size- fish skin area near to the lateral line of the
body. For gill samples, the operculum was opened firstly and then the gills were swabbed with
cotton swab. All samples were placed in an ice container and transported to the laboratory of the
Department of Microbiology, College of Veterinary Medicine, Sudan University of Science and
Technology, and were cultured within 2 hours of collection.

Culture media and reagents:

Different types of culture media including liquid, semi-solid, and solid media, and chemicals,
and reagents were used for isolation and identification of bacteria all were either bought from
companies ready-to-use or prepared according to Barrow and Feltham, 2003; Ochei and
Kolhatkar 2000). The culture media were peptone water, nutrient broth, glucose phosphate
peptone broth, nutrient agar, blood agar, MacConkey agar, starch agar, nutrient gelatin media,
urea agar, Simmon's citrate medium, Hugh and Leifson's (O-F) medium, motility medium, and
Arginine media. Chemicals and reagents included Gram solution, crystal violet, Lugol's iodine,
decolorizing reagent, counter stain, Tetra methyl-p-phenylenediamine dihydrochloride, and
Alpha-naphthol solution, as well as Voges-Proskauer (VP) test, Methyl red, Kovac's reagent and
Nessler's, Andrade's indicator, Neutral red, Phenol red, Bromothymol blue, and Lead acetate
paper.

Culturing:

Collected samples were first inoculated into liquid media and incubated at 37°C for 24 h, then
they were streaked onto blood and MacConkey agars and incubated aerobically at 37°C for 24 h.
Also further incubation was continued for another 24 h and if no growth was evident, then the
plates were discarded and the sample was considered negative. All cultures were examined by
naked eye for growth, colony morphology, and any changes in the medium. Purification of
isolates was done by sub-culturing of a single well separated colony onto blood agar or nutrient
agar and finally pure cultures were stored at 4°C.

Identification of isolates:

Gram staining was carried out according to Barrow and Feltham (2003). The prepared slides
were examined microscopically under oil emersion objective lens. Biochemical tests including
catalase test, oxidase test, motility test, and oxidation fermentation (O/F) test were conducted.
Other biochemical tests were sugar fermentation test, gelatin hydrolysis, arginine hydrolysis,
starch hydrolysis, slide and tube coagulase test, indole production test, H2S production test,
urease test, citrate utilization test, Voges-Proskaur (VP) test, and methyl red test.
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Questionnaire:

A structured questionnaire was adopted from previous published research articles in order to
meet the objective of this study (Adesokan and Raji, 2014; Soares et al., 2012). The language of
the questionnaire was translated to the local language (Arabic) in which all the participants can
communicate. After pre-testing the questionnaire with 20 of fish farm workers the last version
was prepared.

Data analysis:

The statistical analyses of the data were performed by using SPSS (Statistical Package for the
Social Sciences) software version 20. Descriptive statistics such as frequency (%) for categorical
and mean and standard deviation (SD) for numerical data were used to sum up the data. ANOVA
test was also used to find the relationship between the variables. P-value less than 0.05 were
considered statistically significant.

Results:

As shown in table (1) out of 150 collected samples 50 (33.3%) showed positive isolation for
E.coli , whereas 60(40%) showed Salmonella spp. from the total, and mixed isolation ( E.coli

and Salmonella spp.) were recorded about 40(26.7%) of the positive samples .
Table (1) the number and percentage of bacteria isolated from fish in Khartoum state

Locality Salmonella E.coli Mixed
No (%) No (%) No.

Khartoum 15 (30) 17 (34) 18 (36)

Omdruman 18 (36) 19 (38) 13 (26)

Khartoum North 27 (54) 14(28) 14 (28)

No=number , %=percent

The mean of the total plate count (TPC) for all the fish (skin and gills) samples ranged between
6.89 -7.27 bacteria as shown in table (2) out of the 150 fish samples analysis for TPC the gills
had the highest number of bacteria .

Table (2) the mean + standard deviation of bacteria isolated from gills and skins in some farms in Khartoum state

Locality Number 0f Percent % Mean +Sd Significant
bacteria
Khartoum
Gill 25 16.7 % 6.89+£0.20 NS
Skin 25 16.7% 6.92+0.23 NS
Omdurman
Gill 25 16.7% 7.27+0.24 NS
Skin 25 16.7% 7.19 £0.09 NS
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Khartoum
North
Gill 25 16.7% 7.24+0.18 NS
Skin 25 16.7% 7.27+£0.17 NS

On the other hand, the critical points that associated with environment in fish farms were

obtained from respondents, as shown in table (3)
Table ( 3) Personnel data, food safety knowledge, practice and attitude among some fish workers in fish farm
investigated in Khartoum state

Factor Frequency Percent %
1-Sex male 33 97.1
female 1 2,9
2-Age 20- 30 7 20.6
31-40 10 29.4
> 40 17 50
3- Training simple 22 64.7
High 12 353
4- Education literate 23 67.6
illiterate 11 324
5- Fish size large 3 8.8
Medium 27 79.4
Small 4 11.
6- Fish pond one 6 17.6
2-5 15 442
>6 13 38.2
7- Production <5 16 47.1
6-9 5 14.7
>10 13 38.2
8-Uniform yes 19 55.9
no 15 44.1
9-Hand washing yes 2 5.9
No 2 5.9
Missing system 30 88.2
10-Untensil wash yes 12 35.3
No 5 14.7
Some times 17 50.0
11-Sellplace instate 29 85.3
Outstate 5 14.7
12-Fish cooling yes 16 47.1
no 18 52.9
13-Fishtransport after 12 353
Before clean 22 64.7
14-Roten fish unclean 34 100
15-Fish preserve chillin 8 23.5
Freezed 23 67.6
salted 3 8.8
16-Preferseason 17 50.0
Summer 11 324
Winter 6 17.6
Autoum
17-Bath after yes 25 73.5
No 9 26.5
18-Diseased yes 6 17.6
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No 28 82.4
19-Nail cutting yes 13 38.2
No 21 61.8

The results showed that the age of the farm-workers in these farms were over 40 and they had
simple training percent (64.7%). Also was 79.4% from the total . The production in more farms
about 5 ton in the year 47.1%. Fish ponds arranged between 2-5 in most farms .The worker
whom had uniform for their work were 55.9 % , also they were doing hand washing is less (5.9%
). Some of the owners washed the utensils (50%). The distribution of fish in Khartoum state was
most common (85.3%) , and the fish cooling was also recorded (table 3). Most of the
respondents were transported fish without washing (64.7%) and preserved those frozen (67.6%).
The majority of owners had a bath (73.5%) after working.
Discussion:
One hundred and fifty samples were collected from gills and skins of fish and cultured. All
samples showed bacterial growth and gave isolated . The bacteria pathogens that were isolated
and identified include E.coli , Salomenlla. The highest isolation of E.coli was in Omdurman due
to environment habitats, feeding habits .The high incidence of Salmonella was recorded in
Khartoum North might be due to precipitation ,environmental condition prevailing high degree
of another cause to contamination. The isolation of these groups of organisms indicated fecal and
environmental pollution and these supported the finding of Yagoub et a/ ( 2009) who isolated
pathogenic and potential pathogenic organisms from tap water that originated from Nile River .
This also confirms the finding of Koutsoumanis and Nychas (2000), Gonzalez-Podriguez et al
(2001) and Herrera et a/ (2006) who isolated similar organisms from fish and fish products . £
.coli was isolated from gills and skins of samples fish in the present investigation this is in
agreement with previous study in Sudan by Hnadi (2008) who reported the presence of E.coli in
gills and intestines. Also according to published microbiological guidelines by Gilbert ef al.,
(1996) the results suggest that microbiological quality of the fish examined is unacceptable
levels. The total number of bacterial count for fresh fish was ranged between 7.00 and 7.18%10
for Salmonella and 7.08 to 7.16 x10 for E.coli , this number was not accepted limit mentioned by
SSMO ( Sudanese Standards and Metrology Organization ,SDs357) which was 5%10 to 5x10
cfu/g for fresh fish products This results in contrast with the finding of Kapute et al., (2013) who
found that the total bacterial count reach 2.1x10 . This means that Salmonella revealed the
highest prevalence in these farms. In this study, the critical points depend on the environment
habitats and the other point the feeding of fish .This shows the import of control the pathogenic
bacteria which might cause serious infection leading to considerable economic losses in fishes
when environmental condition altered in ponds and fish’s resistance was reduced. This study
showed that fish farm in Khartoum state could be a source of food borne bacterial pathogens.
Improvement in handling and processing are needed to minimize the prevalence of the
pathogenic bacteria .This need to build up the quality control and food safety measures system
such HACCP and food safety management system.
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