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ABSTRACT 
 
This study was carried out to detect the total bacterial count, coliform count and E. coli count 
through the production chain of marine fish (fish market, scaling, restaurant before cooking, 
restaurant after cooking  and cooking and cooling for 24 h)  in Port Sudan, Red Sea State, during 
the period from September to December 2018. A total of 50 fish samples were randomly selected 
from marine fish chain. Samples were subjected for bacteriological examination. The study showed 

that the mean count of E. coli in the five stages of the fish chain was 2.57×10
2 
+0 .6 cfu, the mean 

coliform count was 2.01 ×103+ 0 .7 cfu/ g and the mean Aerobic Plate Count (APC) was found to be 

3.6×106+ 0.09 cfu/ g. E. coli showed higher mean count (7.58×102) cfu/ g in the scaling stage. The 
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highest aerobic plate count (117×10
6
) cfu/ g was detected also in the scaling  stage, this may be 

due to the high number of workers involved in this process without using proper hygienic 

measurements. The highest coliform count 53.9×102 cfu/ g was detected in the stage of precooking, 
during this period fish were put on the surface of tables without being cooled. Since high coliform 
contamination takes place after evisceration, the count was in its highest limit after evisceration in 
the restaurants. By using ANOVA with confidence interval 95% there was a significant difference 
between the mean of coliform, APC and E. coli count among the five stages in fish production chain. 
In conclusion the results showed that the marine fish in Port Sudan city were grossly contaminated 
by E. coli and other coliform, but adequate cooking can kill all the E. coli and coliform.  
 

 
Keywords: E. coli; fish; coliform; bacterial count. 
 

1. INTRODUCTION 
 

Marine fish has become an increasingly 
important source of protein, and other elements 
necessary for the maintenance of healthy body, 
and constitute an important food component for a 
large section of the world population [1]. The 
fisheries sector provides both food and 
employment for millions of people as well as fish 
for consumers who have a right to eat food which 
has been caught, handled and treated in a good 
way [2]. Fish contributes about60% of the world 
supply of protein, and 60% of the developing 
world derives more than 30% of their animal 
protein from fish [1]. The provision of safe 
wholesome and acceptable fish and fish products 
is essential from food safety point of view [2]. 
Nowadays, in Sudan, the consumption of         
fish is relatively increased,  especially in coastal 
cities, due to the rising of red meat prices as 
the  main source of animal protein. Thus, 
increases the business activities in  fish markets 
as well as the consumption of fish [3]. 
Consumption of fish and shellfish may cause 
diseases due to infection or intoxication;        
some of these diseases have been specifically 
associated with pathogens which are resistant to 
antibiotics [4]. Microbial contamination on 
environmental surfaces may be transferred to the 
food products directly through surface contact or 
by vectors such as personnel, pests, air 
movements or cleaning system. Bacteria may 
also infect the fish from outside during      
careless handling of landed fish, its stowing and 
cutting. Among major external sources of 
bacterial contamination are ice and salt,    
crushed ice is known to carry heavy bacterial 
loads [2]. Many pathogenic and spoilage bacteria 
are able to attach on food contact surfaces, and 
remain viable even after cleaning and 
disinfection [2]. Control of microorganisms 
exerted through high level of hygiene and 
efficient cleaning, and disinfection practices 
during the processing and preservation 

procedures are essential to meet this goal to 
provide safe, wholesome, and acceptable food to 
the consumer [2]. 
 
This study was aiming at detecting E. coli, 
coliform and total bacterial load in marine fish in 
Port Sudan, Red Sea State, Sudan. 
 

2. MATERIALS AND METHODS 
 
2.1 Area of Study 
 
This study was conducted in Port Sudan city, 
Red Sea State (Sudan), during the year 2018. 
 
2.1.1 Source of samples 
 
In this study which lasted for 3 months in the 
year 2018, a total of 50 fish samples were 
randomly selected from marine fish chain, in Port 
Sudan, Red Sea State (Sudan).  

 
2.2 Sampling Procedure 
 
Fish samples were put in ice box containing ice 
and transported to the laboratory of the 
Sudanese Standardization and Metrology 
Organization (SSMO) of the Red Sea           
State. In the laboratory samples were              
kept in a deep-freezer at -20°C. On the next    
day samples were removed from the deep 
freezer and left on the bench to thaw.       
Samples were then subjected to bacteriological 
analysis. 

 
2.3 Bacteriological Culture Media 
 
Three bacteriological culture media were used. 
All culture media were obtained from Oxoid and 
Hi Media and prepared according to 
manufacturers’ instructions. The used culture 
media were Plate Count Agar, for the Aerobic 
Plate Count T.B.X. (Tryptone bile x 
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XGlucuronide) for E. coli and Violet Red Bile 
Agar for coliform enumeration. 
 

2.4 Enumeration of Total Aerobic Bacteria 
(APC) 

 
APC was conducted according to the 
International Organization for Standardization [5]. 
From each fish sample 25 g of muscle            
were aseptically removed from the fish, minced 
and homogenized in 225 ml of buffer peptone 
water for 1 minute using stomacher blender 
(model 3500 THERMO, serial No. 40225, 
England). Tenfold dilution was then made by 
adding 1ml from the dilution to 9 ml of Peptone 
water. One ml of the homogenate was inoculated 
into tow Petri-dishes marked 1/10 to 1/10

5
. 45°C 

hot plate count agar was poured on the        
plates stirred and left to cool. Agar plates       
were incubated at 30°C for 48 hours and the 
number of Colony Forming Units (C.F.U) was 
calculated.  
 
2.4.1 Counting of colonies 
 
After incubation, colonies between 15 and 300 
per plate were counted using the colony counter. 
 
2.5 E. coli Isolation and Enumeration 
 
Isolation and identification of E. coli was done 
according to the International Organization for 
Standardization [5]. Twenty five grams of fish 
muscle was homogenized with 225 ml buffer 
peptone water using a sterile pipette, transferred 
to a sterile Petri dish. One ml of the test sample 
initial dilution (1-10) inoculated in two plates per 
dilution; this procedure was repeated with the 
further decimal dilutions, and then poured into 
each Petri dish approximately 15 ml of the      
TBX medium, previously cooled at 44°C to 47°C 
in the water bath. Carefully the inoculum          
was mixed with the medium and allows the 
mixture to solidify, with the petri dishes      
standing on a cool horizontal surface. Inverted 
the inoculated dishes so that the bottom is 
uppermost and placed them in an incubator      

set at 44°C for 24 h. After the specified        
period of incubation the typical colonies          
were counted, Glucuronidase-positive E.          
coli gave rise to distinct blue- green E. coli 
colonies. 
 

2.6 Coliform Enumeration 
 
According to [5], 25 g of fish muscle were 
homogenized with 225 ml buffer peptone      
water using sterile pipette. One ml of the test 
sample from initial suspension (10

-1 
to 10

-5 

dilutions), each dilution was transferred to        
two Petri dishes, by mean of another sterile 
Pipette 1 Ml of each decimal dilutions             
were poured in about 15 ml of the Violet           
Red Bile Agar (VRB) at 44°C to 47°C into      
each petri dish, allowed to solidify then the   
plates were incubated at 37°C for 24h+2. Pink to 
red colored colonies were typical coliform 
colonies. 

 
2.6.1 Data analysis 
 
Data were analyzed using statistical package of 
social Sciences (SPSS). ANOVA analysis was 
conducted to compare the mean of coliform, APC 
and E. coli among fish chain and to assess if 
there were significant differences (P<0.05). 
Descriptive statistic was used to assess the 
frequencies and distribution of risk factors among 
Fish chain. 

 
3. RESULTS 
 
The mean aerobic plate count in the fish        
chain was found to be 3.6×106+ 0.09 cfu/ g.     
The minimum was 2.0.×10

2 
cfu/ g and the  

maximum APC count was 29×106cfu. The     
mean coliform count in the fish chain was     
found to be 2.01 ×10

3
+ 0.7 cfu/ g. The     

minimum count was (00) and the maximum 
coliform count was 28×10

3
cfu. The mean E. coli 

count in fish chain was found to be 2.57×102+0.6 
cfu. The minimum count was (00) and the 
maximum E. coli count was 20.1×10

2
cfu        

(Table 1).  
 

Table  1. Mean of bacterial total plate, coliform and E. coli count of fish in Port Sudan city 
 

Descriptive 
statistics    

N Minimum           Maximum                Mean Std. error of 
mean 

E .coli 50 0.00 cfu/ g 20.1 ×102 cfu/ g 2.57X102 cfu/ g 0.6 
Coliform                   50 0.00 cfu/ g          28×103 cfu/ g            2.01 X103 cfu/ g  0.7 
APC                         50 2.0 ×102 cfu/ g      29 ×106 cfu/ g          3.69 ×106 cfu/ g        0.09 
Valid N (list wise) 50 50     
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The mean aerobic bacteria, coliform and E. coli 
count in the fish market were 2.47×102, 7.1×102 
and 5.7×10

6 
cfu/ g respectively. The mean 

aerobic bacteria, coliform and E. coli count in the 
fish scaling were 7.58×102 cfu/ g , 39.5×102 cfu/ g 
and 117×10

6 
cfu/ g respectively. The mean 

aerobic bacteria, coliform and E. coli count in the 
restaurant before cooking were 2.83×10

2 
cfu/ g 

,53.9×10
2 

cfu/ g and 9.3×10
5
 respectively. The 

mean aerobic bacteria, coliform and E. coli count 
in the restaurant after cooking were 0.0 cfu/ g, 
0.0 cfu/ g and 2.87×102 cfu/ g respectively. The 
mean aerobic bacteria, coliform and E. coli count 
in cooled fish after 24 hours from cooking were 
0.0 cfu/ g, 0.0 cfu/ g and 2.×102 cfu/ g 
respectively (Table 2). 

 
By using ANOVA analysis with confidence 
interval  95%, there was a significant difference 
between the mean of APC count in fish market 
(5.7×106 cfu/ g),  fish scaling (117×106 cfu/ g),  
restaurant  before  cooking (9.3×10

5 
cfu/ g),  

restaurant After cooking (2.87×102 cfu/ g) and at 
24 hours cooling after cooking (2.×10

2
). Also 

there was a significant difference between the 
mean of coliform count in fish market (7.1×102), 
fish scaling (39.5×10

2 
cfu/ g), restaurant before 

cooking (53.9×102 cfu/ g), restaurant after   
cooking (00 cfu/ g), and after 24 hours cooling of 
cooked fish (00 cfu/ g). Also there was a 
significant difference between the mean of E. coli 
count in Fish market (2.47×10

2 
cfu/ g), fish 

scaling (7.58×10
2 

cfu/ g), restaurant  before  
cooking (2.83×102 cfu/ g), restaurant After   
cooking (00 cfu/ g) and after 24 hours cooling of 
cooked fish (00 cfu/ g) (Table 3).  

 
4. DISCUSSION 
 
This study was conducted to detect the total 
bacterial limits, coliform count and estimate the 
count of E. coli through the fish production chain 
in Port Sudan city. It was shown that samples of 
fish in fish chain used in this study were grossly 
contaminated by pathogenic organisms. The 
difference in the mean bacteria counts of 
samples obtained from the five stages may be 
due to the hygienic measures practiced in each 
step. The highest count of E. coli 7.58×10

2 
cfu 

was detected in second stage (fish scaling). Also 
the highest APC mean 117×10

6 
cfu/ g was 

detected in this stage, while the highest coliform 
count 7.58×102 cfu/ g was detected in restaurant 
before cooking, this may be due to the improper 
hygienic practices during scaling, and hence high 
coliform contamination takes place after 
evisceration, the count was in its highest limit 
after evisceration in the restaurants. The mean  
E. coli count in fish chain in the five stages was 
found to be 2.57×102 + .6cfu/ g. [1] stated that 
the most dominant isolates from gills, skin, 
muscles and intestine of randomly collected 
fishes were E. coli, Citrobacter sp., Enterobacter 
sp. and Klebsiella sp. These microorganisms  

 
Table  2. Mean counts of APC, coliform, and E. coli of fish production chain 

 
Stage   E. coli                       Coliform APC 
1. Fish market                                           2.47×102 cfu/ g            7.1×102 cfu/ g                5.7×106 cfu/ g 
2. Fish Scaling                                         7.58×102 cfu/ g 39.5×102  cfu/ g              117×106 cfu/ g 
3. Restaurant before cooking                    2.83×102 cfu/ g           53.9×102 cfu/ g                 9.3×105 cfu/ g 
4. Restaurant  After cooking                         0.0 cfu/ g                   0.0 cfu/ g            2.87×102 cfu/ g 
5. After 24hcooling post cooking                 0.0 cfu/ g   0.0 cfu/ g 2×102 cfu/ g 

 
Table  3. Comparison between APC, coliform and E. coli count in different stages of fish chain 

 
ANOVA Sum of squares                 df       Mean square                        F            Sig. 
Between Groups 249397803.280                   4 62349450.820                    2.592      .049 
Coliform within 
Groups     

 
1082519236.900                

 
45       

 
24055983.042 

  

Total                                  1331917040.180                49    
Between Groups                3838732.000                       4 959683.000                        6.033      .001 
E. coli within 
Groups     

 
7157730.000                           

 
45      

 
159060.667 

  

Total 10996462.000                     49    
Between Groups            1039745602458782.100 4 259936400614695.530         9.303    .000 
APC within 
Groups 

 
1257399131558652.000         

 
45 

 
27942202923525.600 

  

Total                                 2297144734017434.000       49    
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occurring on fish products as a result of 
contamination from the animal/ human reservoir. 
This contamination has normally been 
associated with faecal contamination or pollution 
of natural waters or water environments, where 
these organisms may survive for a long time 
(months) or through direct contamination of 
products during processing [6]. Nearly similar 
results were obtained by [7,8] who reported that 
fish samples were contaminated with E. coli. The 
presence of such microorganisms in fish which 
are not the part of macrobiotic of these aquatic 
organisms indicates the occurrence of food 
contamination due to poor hygiene in handling 
and lack of preservation techniques [7]. The 
mean coliform count was 2.01 ×10

3
+0.7 cfu/ g 

and the mean of the Aerobic Plate Count was 
found to be 3.6×10

6
+ 0.09 cfu/ g. The highest 

coliform count 53.9×102 cfu/ g was detected in 
restaurants before cooking followed by the count 
in fish scaling 39.5×10

2
. coliform count in fish 

market  was 7.1×102 cfu/ g while the              
count is zero after cooking and after twenty      
four hours post cooking this difference was   
found to be statistically significant using ANOVA 
with p=0.05. [9] reported that the MPN value of 
the seafood samples varied with different 
seasons. He found total coliform and during 
summer varied from 3 to 65/ 100 g to 45 to 115 / 
100 g of the fish meat in post-monsoon and 
between 65 to 150 /100 g in monsoon, 
respectively. Our results were not in agreement 
with [10] findings which stated that fecal coliform 
levels were above the recommended wholesale 
level suggested by the National Shellfish 
Sanitation Program (less than or equal to 
230/100 g). Generally, the presence of coliform 
and faecal coliform is not acceptable because 
they are not normal flora of fish [11]. The APC 
was highest 117×10

6
 cfu/ g in the fish scaling 

stage, followed by the stage of fish market 
5.7×10

6
 then restaurant before cooking stage 

9.3×10
5
 cfu/ g, then after cooking 2.87×10

2
 cfu/ g 

and the least count was detected in cooked fish 
24 hours post cooking. Statistically there was 
significant differences (p=0.05) in the mean 
count of the five stages. [12] examined 3 species 
of marine fish for total viable count and 
prevalence of Salmonella, E. coli, 
Staphylococcus sp. and Vibrio sp. She detected 
a count of 5×105 in fish markets which is lower 
than the findings of this study. [13] reported that 
the total bacterial load of the surface slime of fish 
can range from 102 to 107cfu. This finding was in 
line with the present study. A higher range of 
bacterial count was obtained by [13] who   
reported  a count range of   5.5 x 10

6
 cfu/ g to 9.8 

x 10
9
cfu/ g in Nigerian marine fish. [14]

 
reported 

higher counts from different type of fishes 
ranging between 8.7 x 10

5
- 2.2 x 10

9 
cfu/ g in 

freshwater fishes. [6]
 
in raw fish sold in Khartoum 

State reported that the total bacterial count in 
skin and intestine ranged from 3 x 10

7
 cfu/ g to 4 

x 109 cfu/ g and 1.5 x 105 cfu/ g to 1.6 x 108cfu/ 
g, which was higher than this study. This could 
be due to the differences in market's situation 
and locations. Results was obtained by [3] 
detected bacterial load between 8 x 10

3
 cfu/ g to 

9.8 x 104cfu/ g in Ed Dueim fish market. Similar 
results were obtained by [15] and [9] who 
reported APC between 1.54 x 104cfu/ g and 5.7 x 
104cfu/ g (as maximum) in fresh water fish,  
which is lower than what was observed in this 
study. 

 
5. CONCLUSION AND RECOMMENDA-

TIONS 
 
The results showed that the marine fish in                 
Port Sudan city were grossly contaminated by             
E. coli and other coliform, but adequate cooking 
can kill all the E. coli and coliform.  

 
From this study we recommend training and 
extension for fisher men and trader who work in 
market of fish about possessing and handing of 
fish, All containers and boxes used have to be 
made of an easy to clean materials, The ice used 
should be crushed and come from an ice 
processing plant and transported in clean 
containers, using only new ice and not the dirty 
one remaining from the precedent fishing trips 
and The refrigeration facilities have to be 
adequate to ensure proper product temperature. 
Also hygienic measures have to be followed at 
different parts of fish production chain and 
HACCP should be implicated. Adequate cooking 
is the ideal way for reducing cases of fish 
poisoning cases.  

 
ACKNOWLEDGEMENT 
 
Authors are thankful to Ministry of Animal 
Resources and fisheries, Red Sea State, 
Sudanese Standardization and Metrology 
Organization and University of Bahri for providing 
necessary facilities to carry out this research 
work. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 



 
 
 
 

Ali et al.; AJRAVS, 6(3): 9-14, 2020; Article no.AJRAVS.60360 
 
 

 
14 

 

REFERENCES 
 

1. Emikpe BO, Adebisi T, Adedeji OB. 
Bacteria load on the skin and stomach of 
Clarias gariepinus and Oreochromis 
niloticus from Ibadan, South West Nigeria: 
Public health implications. J. Microbiol. 
Biotech. Res. 2011;1:52-59. 

2. Mahendra Pal, Asnake Ketema, 
Manyazewal Anberber, Selamawit Mulu, 
Yashodhara Dutta. Microbial quality of fish 
and fish products. Beverage and Food 
World. 2016;43(2). 

3. Arafat. Microbiological assessment of three 
types of fresh fish (Tilapia niloticus, Labeo 
niloticus and Hydrocynus spp.) Sold in Ed 
Dueim, Sudan. New York. Sci. J. 2013; 
6(4). 

4. Adebayo-Tayo AC, Odu NN, Michael MU, 
Okonko IO. Multi-drug resistant (mdr) 
organisms isolated from sea-foods in Uyo, 
South-Southern Nigeria. Nature and Sci. 
2012;10:61-70. 

5. Ogden ID, Watt AJ. An evaluation of 
fluorogenic and chromogenic assay for 
direct enumeration of E. coli. Letters in 
applied. Microbiol. 1991;13:212-215. 

6. FAO. Practical framework of value chain 
approach to animal diseases; 2011. 

7. Evelyn Ivana Trindade Damasceno, 
Lawana Natasha da Gama pantoja, 
Hamilton Mendes de Figueiredo, Luiza 
Helena Meller da silva, Antonio Manoel da 
Cruz Rodrigues. Microbiota of two species 
of commercially important fish in the 
Amazon region (Belem-Para-Gayil) 
Butterfly Peacock Bass (Cichla ocellaris) 
and Piramutaba (Brachyplatystoma 
vailantii), African J. Microbiol. Res. 2015; 
9(9):572-580. 

8. Egbal OA, Hawa TA, Kalthom EM. 
Investigating the quality changes of hot 

smoked clariaslazeraat refrigerated 
temperature (5°C±1). J. Agri. Food Sci. 
2013;1(2):14-20. 

9. Prakash S, Jeyasanta I, Carol R, Patterson 
J. Microbial quality of salted and sun dried 
sea foods of tuticorin dry fish market, 
Southeast Coast of India. Int. J. Microbiol 
Res. 2011;2(2):188-195. 

10. Hood MA, Ness GE, Blake NJ. 
Relationship among fecal coliform, 
Escherichia coli and Salmonella spp. in 
shellfish. Appl. Environ. Microbiol. 1983; 
45(1):122-6. 

11. Mandal SC, Hasan M, Shamsur      
Rahman M, Manik MH, Mahmud ZH, 
Sirajul Islam MD. Coliform bacteria             
in nile tilapia, Oreochromis niloticus of 
shrimp-gher, pond and fish market.     
World J. Fish. Marine Sci. 2009;1(3):160-
166. 

12. Adams MR, Moses MO. Food 
Microbiology. (Third edition). The Royal 
Society of Chemistry, Cambridge, UK; 
2008. 

13. Okoro CC, Aboaba OO, Babajide OJ. 
Quality assessment of a nigerian marine 
fish, mullet (Liza falcipinnis) under different 
storage conditions. New York. Sci. J. 2010; 
3(8):21-28. 

14. Al-Harbi AH, Uddin MN. Seasonal variation 
in the intestinal bacterial flora of hybrid 
tilapia (Oreochromis niloticus, Oreochromis 
aureus). Cultured in Earthen Ponds in 
Saudi Arabia Aquaculture. 2004;229:     
37–44. 

15. Al Ghabshi A, Al-Khadhuri H, Al-Aboudi N, 
Al- Gharabi S, Al-Khatri A, Al-Mazrooei N, 
Sudheesh PS. Effect of the freshness of 
starting, material on the final product 
quality of dried salted shark. Advance J. 
Food Science and Technology. 2012;4(2): 
60-66. 

_________________________________________________________________________________ 
© 2020 Ali et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/60360 


