
*Correspondence: mosada78@gmail.com; +234(0)8035861774 

(Received: March 05, 2020; accepted: May 17, 2021)

Citation: Mohammed SSD, Al-hassan S, Wartu JR, Rahman AAA. Occurrence of Escherichia coli and Salmonella species in Some 
Livestock (Poultry) Feeds in Mando, Kaduna, Nigeria. J Pure Appl Microbiol. 2021;15(2):1016-1025. doi: 10.22207/JPAM.15.2.60

© The Author(s) 2021. Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License which 
permits unrestricted use, sharing, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons license, and indicate if changes were made. 

Mohammed et al. | J Pure Appl Microbiol | 15(2):1016-1025 | June 2021
Article 6137 | https://doi.org/10.22207/JPAM.15.2.60

Print ISSN: 0973-7510; E-ISSN: 2581-690X

ReseARCh ARtiCle OPeN ACCess

  www.microbiologyjournal.org1016Journal of Pure and Applied Microbiology

Occurrence of Escherichia coli and Salmonella species 
in some livestock (Poultry) Feeds in Mando, Kaduna, 
Nigeria

s.s.D. Mohammed1*, s. Al-hassan2, J.R. Wartu2 and A.A. Abdul Rahman3

1Department of Biology, Microbiology and Biotechnology, Faculty of Natural and Applied Sciences, 
Nile University of Nigeria, FCT, Abuja, Nigeria.
2Department of Microbiology, Faculty of Science, Kaduna State University, Kaduna, Nigeria.
3Department of Microbiology, Federal University, Lokoja, Nigeria.

mailto:mosada78@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3879-6740
https://orcid.org/0000-0002-8813-8826
https://orcid.org/0000-0002-6043-8050


  www.microbiologyjournal.org1017Journal of Pure and Applied Microbiology

Mohammed et al. | J Pure Appl Microbiol | 15(2):1016-1025 | June 2021 | https://doi.org/10.22207/JPAM.15.2.60

Abstract
The study aimed at assessing the proximate composition, isolation, characterization of some 
Enterobacteriaceae from two (2) brands of poultry feeds marketed in Mando, Kaduna, Nigeria. A total 
of sixteen (16) samples of two (2) different poultry feeds (starter and finisher) from four (4) poultry 
farms in mando were collected and subjected to proximate and microbiological analysis. The proximate 
analysis was carried out using standard techniques and procedures. All the feed samples were cultured 
on separate media which include Eosin methylene blue (EMB), nutrient Agar (NA) and Salmonella-
Shigella Agar (SSA) media using standard procedures. The antibiogram of the selected antibiotics were 
evaluated against the test isolates. The result of proximate analysis of the starter and finisher feeds 
indicated that the Dry matter of starter feed had the highest percentage composition of 95.02% and 
crude fiber of the finisher feed had the lowest composition of 3.78%. The highest number of bacterial 
load was recorded to be 10.0×104 CFU/g for the feed sample A (starter feed) and 12.0x104CFU/g was 
recorded for the feed sample B (finisher feed) which had the highest number of bacterial load recorded 
among the two (2) different poultry feeds analyzed. The bacteria isolates were identified as Salmonella 
species and Escherichia coli. Total viable count (TVC) of Salmonella species and E. coli in the feed samples 
(starter and finisher) ranges from 3.0×104CFU/g to 12.0×104CFU/g. Both organisms (Salmonella species, 
E. coli) were found as 37.5% and 25% of the analyzed feeds (Broiler starter and broiler finisher) samples, 
respectively. There was no level of significant (p>0.05) difference between the level of contamination of 
Salmonella species and E. coli in the  two different feeds analyzed, as p=0.06 and p=0.13 for Salmonella 
species, and E. coli respectively. Sample A and B (Starter and Finisher) feeds had the highest number of 
Salmonella species occurrence with six ( 6) positive samples while E. coli was recorded in four (4) samples 
of A and B (Starter and Finisher) feeds. The result of the antibiogram indicated that ciprofloxacin (30 
µg), Gentamycin (30µg), Perfloxacin (30µg) and Tarvid (30µg) was effective against Salmonella species 
and Escherichia coli. The significant of spread of the species of the Enterobacteriaceae in livestock feeds 
requires the need for effective quality assurance and control, good hygiene practices in production and 
proper handling of the poultry feeds.
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iNtRODUCtiON
 All domesticated birds by man are referred 
to as poultry. These birds include domestic duck, 
fowl, geese, guinea fowl, turkey, ostriches and 
pigeons as reported by54. Livestock feeds can serve 
as a medium for a range of microbial contaminants 
such as bacteria (Salmonella sp., Shigella sp. E.coli 
etc) moulds (Fusarium sp. Aspergillus flavus, 
Aspergillus paraciticus etc) and their mycotoxins32. 
Many bacteria from the family enterobacteriaceae 
are mostly associated with environmental 
contaminations of feed ingredients. This poultry 
feeds contamination family include many genera 
and species of bacteria namely; Salmonella, 
Enterobacter and Escherichia coli 26. The usual and 
common feeds compositions include soya beans, 
complete (whole) cereals, vitamins and vegetables 
such as tridax, Amaranth (Amaranthus sp.) and 
water leaf (Talinum fruticosum). Feeds in general 
has been implicated to be a major sources for 
transmission of bacteria and other microorganisms 
to the processing plant of the farm. Most animals 

harbour pathogens which are of food borne which 
serves as a good source of contamination, which is 
of significant in the spread of Escherichia coli and 
Salmonella species in humans7. These bacteria 
can survive for prolonged periods of time without 
multiplication on materials with low moisture 
contents therefore providing for the possibilities of 
the bacteria to be mechanically transmitted from 
one site to another through fomites, including 
contaminated feeds 10. Feeds are formulated from 
different ingredients with different possible levels 
of Salmonella and Escherichia coli contamination. 
A research on cereal ingredients in the UK 
showed that animal feeds were contaminated 
with Salmonella and Escherichia coli at the 
farm level, whereas 92% of the meat and bone 
meal samples tested in the United States were 
contaminated with Salmonella and Escherichia 
coli and in the Netherlands 31% Salmonella 
contamination was recorded in fishmeal samples50. 
Feed manufacturing facilities are therefore 
considered as critical contamination points for 
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Salmonella and Escherichia coli entry into the food 
chain. The feeds and their ingredients are also a 
significant sources of extensive contaminations 
by antibiotic resistant bacteria along side multi-
drug resistant strains of Salmonella sp.5. Other 
bacteria such as Escherichia coli Streptococcus sp. 
and Entercoccus sp. have been isolated in feeds. 
The constant control of bacteria contaminations 
in feeds has shown to improve performances in 
production from poultry and it also reduces the 
occurrences of salmonella in farm environment 
breeding animals, and their products. The increase 
in chicken production has resulted in high demand 
of feeds, and consequently, proliferation of feed 
mills, some of which operates under substandard 
conditions. This may result into packaging of 
feed contaminated with pathogens and thereby 
spreading diseases to both humans and farms. 
Despite advances in medical science, infections 
due to Salmonella and E. coli strains remain 
the most important food borne diseases (FBDs) 
of human. Moreover, a majority of FBDs are 
implicated with the consumption of contaminated 
poultry eggs and meats. Though many approaches 
have been employed to counter these infections 
both in human and poultry, application of 
effective antibiotics (therapy) is the main control  
strategy40. The research aimed at assessing the 
occurrence of Escherichia coli and Salmonella 
species in some livestock feeds in Mando, Kaduna.

MAteRiAls AND MethODs 
Sample Collections
 Sixteen (16) samples in total of two ( 
2) different chicken feeds: (Broiler starter and 
finisher) were collected. Eight (8) samples each 
starter and finisher were collected from four 
(4) different poultry farms: four (4) per farm in 
Mando, Kaduna State. The feed samples were 
aseptically collected separately into sterile 
universal containers and were well labeled with 
regards to the feeds after seeking an informed 
consent from the poultry/livestock farmers. The 
feed samples were transferred to the Microbiology 
laboratory, Kaduna State University, Kaduna, 
Nigeria for proximate and bacteriological analysis.
Proximate Analysis of Chicken Feeds
 Proximate analysis of the some chicken 
feed samples were carried out for percentage total 
dry matter, crude protein, moisture, crude fat, ash, 

crude fibre and carbohydrate content using the 
methods described by Bukar and Saeed MD9.

Media Preparation
 All culture media used in this research 
were prepared with regards to manufacturer’s 
instructions. The media used include: NA, SSA, 
EMB and MHA. 
Isolation of Bacteria from Chicken Feeds
total Viable Count (tVC)
 Twenty five (25) grams of each feed 
sample were homogenized into 225ml of peptone  
water. One (1) ml of the homogenized sample 
was suspended in 9.0 ml distil water, then serial 
dilutions from10-1 to 10-5 was carried out, One 
(1) ml of each two dilutions (10-3 and 10-4) was 
inoculated into petri dishes containing nutrient 
agar for each respectively. The petri dishes was 
incubated at 37oC for 24 hours. Colonies that 
appeared on the plate were counted and recorded 
in CFU/g. The Total Viable Bacterial Count (TVC) 
was carried out as described by Atere et al6. Viable 
colonies from nutrient agar were inoculated into 
EMB and SSA agar for each bacterial isolates 
respectively. The plates were incubated at 37oC 
for 24 hours39.

Characterization and Identification of Bacteria 
from Chicken Feeds
 The characterization and identification 
of bacteria isolates from samples of chicken 
feeds were based on Grams staining and selected 
biochemical tests which include Catalase , Indole 
production, Voges-Proskauer (VP), Methyl red, 
Citrate, Coagulase and Triple Sugar Iron Agar (TSI) 
test described by Grant et al22 and  Dougnon et al43.
Antimicrobial Susceptibility Testing of Selected 
Antibiotics against the Bacteria Isolates
 Mueller Hinton Agar was prepared 
according to the manufacturer’s instruction. The 
bacteria suspension for each respectively was 
prepared and compared with the turbidity of 0.5 
McFarland standard which is approx. cell density 
(1,5X108 CFU/mL) ( standardization of inoculum) , 
then 5 μl of the prepared bacteria suspension was 
placed on each of the series of plates with already 
different concentrations of the antimicrobial agent 
using a replicator device. The plate were incubated 
at 37oC for 24 hours as described by Mathew  
et al33.
Statistical Analysis of Data   
 Data generated were statistically analyzed 
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using IBM - SPSS Statistics version 20 computer 
program. The student T-test and one way analysis 
of variance (ANOVA) was used to determine the 
prevalence of Escherichia coli and Salmonella 
species contaminations among the two different 
feeds (broiler starter feed and finisher feed) 
collected from four different farms. The significant 
difference were considered between and within 
variables.

ResUlts
 Tab le  1  Showed the  prox imate 
composition of poultry feeds. The dry matter of 
broiler starter feed (A) was 95.02%, Dry matter of 
broiler finisher feed (B) was 94.86 %, Ash content 
of broiler starter recorded 7.89 %, the Ash content 
of broiler finisher feed was 7.85 %. The protein 
content of broiler starter feed was 22.54 % , 23.99 
% was recorded for protein content of broiler 
finisher. Crude fat/Oil content indicated 5.99 % for 
broiler starter feed, 6.11 % was recorded for crude 
fat/oil content. The crude fiber content recorded 
for broiler starter was 4.92%, crude fiber content 
recorded for broiler finisher feed was 3.78 %. 
Nitrogen Free Extract recorded for broiler starter 

feed was 57.22 % and 55.24 % was recorded for 
finisher. Table 2 Showed the estimation of total 
viable bacteria count of chicken feeds. The mean 
microbial load of broiler starter from AS1 and AS2 
ranged between 3.0x105 to 5.0x104 CFU/25g . 
While the mean microbial load for broiler finisher 
feed from AF1 and AF2 ranged between 5.0x105 

to 8.0 x104 CFU/25g. BS1 and BS2 mean microbial 
load for broiler starter feed ranged between 3.0 
x105 to 4.0x104 CFU/25g. While BF1 and BF2 broiler 
finisher feed was recorded as 4.0 x105 and to 6.0 
x104 CFU/25g. CS1and CS2 broiler starter feed  
indicated the present of microbial load between 
6.0x105 to 10.0 x105 CFU/25g. While CF1and CF2 of 
the broiler finisher feed was recorded as 6.0x105 
to 12.0 x104 CFU/g. DS1 and DS2 broiler starter 
feed ranges from 3.0 x104, to 8.0 x105 CFU/25g 
and the DF1and DF2  ranges from 3.0 x104 to 9.0 
x105 CFU/25g  for each of the two dilutions ( 103, 
104) respectively. Table 3 showed characterization 
and identification of bacteria isolates. Isolate from 
AS1 feed was Gram negative rod shape, methyl 
red positive ,catalase positive, citrate negative, 
indole positive, Voges–Proskauer negative and 
TSI (Acid production, no gas produced and buttom 

table 1. Average Proximate Composition of  Selected Poultry Feeds

Parameters/         Sample:   t-cal P value
Ingredient (%) A B 

Dry matter 95.02±23.12 94.86± 24.13         0.008 0.994
Ash content 7.89±3.123 7.85±2.153          0.018 0.986
Protein content 22.54±4.512 23.99±4.419    0.398 0.711
Crude fat/Oil content 5.99±1.912 6.11±1.841 0.078 0.941
Crude fiber content 4.92±0.988      3.78±0.671 1.653 0.174
Nitrogen Free Extract 57.22±14.67     55.24±13.68  0.171 0.873
(NFE)

Sample A: Broiler starter feed, Sample B: Broiler finisher feed

table 2. Total Viable Bacterial Count of Chicken Feeds from Mando, Kaduna

                       Starter feed (CFU/25g)                            Finisher feed (CFU/25g)              
 Range of Count Average Count Range of Count Average Count t-cal p value                                                                                                     
                                                     
A 3.0 -5.0 4.00±1.01 5.0 - 8.0 6.50±72 2.171 0.091   
B 3.0 - 4.0 3.50±0.75 4.0 - 6.0 5.00±1.02 2.052 0.109          
C 6.0 - 10.0 8-00±1.98 6.0 -12.0 9.00±2.17 0.589 0.587          
D 3.0 - 8.0 5.50±2.01 3.0 -9.0 6.00±2.42 0.275 0.797   
                                                                                                                             
Keys: Sample codes: A: Mando Market, B: Neco , C: Sarki Lane,  D: Jibril Close: L:Location
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yellow) which confirmed probably the presence of 
Escherichia coli while isolate from AS2 was Gram 
negative rod, methyl red positive, citrate positive, 
catalase positive, voges-proskauer negative, indole 
negative and TSI positive ( red slant, yellow butt, 
gas positive, blackbutt (H2S produced) which 
confirmed probably the presence of Salmonella 
species. Isolate from BS1 also confirmed probable 
presence of Salmonella species and isolate from 
BS2 feed also indicated the probable presence of 
Salmonella species. The other probable bacteria 
shows that BF1 isolate showed the presence of 
Escherichia coli. The CS1 isolate indicated the 

presence of Escherichia coli while CS2 isolate 
indicated the presence of Salmonella species 
while CF1 isolate was positive for Salmonella 
species. Further more, the DS1 isolate indicated the 
presence of Escherichia coli while DS2 isolate was 
positive for Salmonella species. Table 4 Showed 
the percentage occurrence of Salmonella sp and 
E. coli isolated from two (2) different brands of 
poultry feeds (Broiler starter and finisher feeds) 
from ABC and D. This showed Salmonella had 
6 positive occurrence from the four (4) farms 
with 37.5% in the two different feeds as the 
most predominant pathogen, and E. coli having 

table 3. Characterization and Identification of Bacterial Isolates  from Chicken Feeds

Sample Gram Catalase Methyl Indole VP Citrate            TSI   Probable
Code  Reaction  Red    Slant H2S Butt  Organisms

AS1 -rod + + + - - AA NG    Yellow E. coli
AS2 -rod + + - - + AL G Red Salmonella sp.
AF1 - - - - - - NA NG - -
AF2 - - - - - - NA NG - -
BS1 -rod + + - - + AL G Red Sal. sp.
BS2 -rod + + - - + AL G Red Sal.sp.
BF1 -rod + + + - - AA NG Yellow E. coli
BF2 - - - - - - NA NG - -
CS1 -rod + + + - - AA NG Yellow E. coli
CS2 -rod + + - - + AL G Red Sal. sp.
CF1 -rod + + - - + AL G Red Sal. sp.
CF2 - - - - - - NA NG - -
DS1 -rod + + + - - AA NG Yellow E. coli
DS2 -rod + + - - + AL G Red Sal. sp.
DF1 - - - - - - NA NG - -
DF2 - - - - - - NA NG - -

AS: Mando market  Broiler Starter feed,  AF: Mando market Broiler finisher feed, BS: Neco  Broiler starter feed, BF: Neco Broiler 
finisher feed, CS: Sarki lane  Broiler starter feed, CF:  Sarki lane Broiler finisher feed, DS: jubril close Broiler starter feed, DF: 
jibril close Broiler finisher feed, -ve: gram negative, +ve: gram positive, E. coli: Escherichia coli, Salmonella/Sal. sp: Salmonella 
species, Slant-AA: Acid, AL: Alkaline, H2S-NG: No Gas, G: Gas produced, Butt.: Buttom. 

table 4. Percentage Occurrence  of Some Enterobacteriaceae in Broiler Starter and Finisher Feeds Collected from  
Different Farms in Mando, Kaduna

Locations No of Salmonella sp E. coli t- cal p value
 Samples collected present present

A 4 1.00±0.01 1.00±0.02 0.000 1.000                                                        
B 4 2.00±0.02 1.00±0.01 71.611 0.000                                                                   
C 4 2.00±0.03 1.00±0.02 45.656 0.000                                                           
D 4 1.00± 0.02 1.00±0.03 0.000 1.000                                                                    
Total 16 37.5%(p=0.13) 25%(p=0.06)                                                                     

A= Mando market Broiler stater feed/finisher, B=NECO Broiler stater feed/finisher, 
C=  Sarki lane Broiler stater feed/finisher, D=Jibril close Broiler stater feed/finisher
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4 positive occurrence with 25% in the two 
feeds analyzed from the four farms as the less 
predominant pathogen. Table 5 shows the result 
of antibacterial susceptibility test of Salmonella 
species and Escherichia coli to the antibiotic disc 
which indicated that Salmonella sp. and E.coli were 
either sensitive (R) , moderately sensitive (MS) and 
resistant (R) at different concentrations (ranging 
from 10 to 30 µg) respectively.

DisCUssiON
 The ingredient percentage composition 
of broiler starter feed was higher than that of 
broiler finisher feed. This could be attributed to 
the chicks needs for higher amount of nutrient 
to enable them grow. The broiler finisher feed 
has less percentage composition of the feed 
ingredients as compared to broiler starter feed. 
This might be as a result of the chicken having the 
ability to have acquired the essential nutrients for 
their growth and so do not need more nutrients 
for growth but need just enough nutrient to 
keep them healthy. Dry matter has the highest 
ingredient percentage composition of the feed of 
95.02 % for broiler starter feed and 94.86 % for 
broiler finisher feed making. This is to enable the 
chicken pick the feed easily. Nitrogen Free Extract 
(NFE) has the second high value of percentage 
composition of the feed ingredient. This shows 
the sugar and starch content of the feed which are 
essential for the meat content of the chicken. Ash 
content recorded the lowest % composition of the 

feed ingredient. This is because it is trace minerals 
which are needed only in a small quantity 54. Crude 
fat, protein content and crude fiber were present 
in small quantities. Crude fat provide essential fatty 
acids and energy, protein content that maintains 
the growth in the chicken while fiber is associated 
with the reduced energy availability. This is similar 
to the research conducted in Zaria Kaduna State  
by Bukar et al9 who reported proximate 
composition of chicken feed for crude fiber content 
with the lowest composition of 1.70 while dry 
matter recorded was with the highest percentage 
composition of 90.02. The statistical analysis of the 
ingredient for broiler starter and finisher feeds, 
indicates that there were no significant difference 
(p>0.05) between broiler starter and finisher feeds 
in all the proximate percentage compositions. Total 
viable count of the isolates showed the 103 dilution 
samples with higher colony forming unit and 104 
dilution having less colony forming unit. This could 
be because colonies of microorganism varies with 
the dilution factor as reported by Pattabhiramaiah 
and Mallikarjunaiah42. The CF1 feed recorded the 
highest number of colonies of 12 CFU/g while CS1 
feed recorded the second highest colony of 10 
CFU/g The possible reason why CF1 feed indicated 
the highest number of colonies could be due to the 
fact that it contains higher nutrient composition 
as compared to other feeds. BS1 feed recorded the 
least number of colonies of 3CFU/g which could 
also be as a of result of low nutritional composition 
of the feed. The statistical analysis indicated 

table 5. Antibacterial Susceptibility  Profile  of Salmonella species and Escherichia coli to Selected  Antibiotics

Antibiotics Zones of Inhibition against Zones of Inhibition against
(dose) Salmonella sp. (mm) Escherichia coli (mm)

Spt(30µg) R R
Chlo (30µg) MS MS
Spf (10µg) R S
Cpf(30µg) MS S
Amp(30µg) R S 
Aug(10µg) R R
Gen (30µg) MS MS
Pef(30µg) S MS
Tar (10µg) S MS
Str (10µg) R MS

Spt: Septrin, Chlo: Chloramphenicol,  Spf: Sparfloxacin, Cpf: Ciproflaxacin, Amp: Ampicillin, Aug:  Augmentin, 
Gen: Gentamycin, Pef: Pefloxacin, Tar: Tarvid, Str: Streptomycin, S:Sensitive:MS: Moderately sensitive, R:Resistant.
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that there was no significant difference (p>0.05) 
between the total viable count of broiler starter 
feeds and broiler finisher feeds in farm A and D 
but occurred significantly in farm B and C from the 
four different locations. The bacteria  isolated were 
Escherichia coli and Salmonella species which are 
commonly associated with disease of the poultry 
and has resulted in the death of the poultry 
birds. It can also result in food borne infections. 
This study is similar to the study conducted by 
Leaumont et al32 were they reported isolates 
such as Escherichia coli and Salmonella species in 
poultry feeds. Similarly, Keddy et al29 reported the 
presence of Salmonella species, Escherichia coli, 
Staphylococcus species, Streptococcus species and 
Bacillus species in poultry feeds. The occurrence of 
Salmonella species and Escherichia coli in the feed 
samples may be as a result of fecal contamination 
during the preparation of the feeds or from the 
product’s retailers. These is possible because no 
any form of sterilization is usually carried out by 
the farmers during compounding of the feeds 
which enhances the growth and survival of these 
bacteria50. The prevalence of E. coli and Salmonella 
sp. contaminations in this study was 62.5% which 
was less than the prevalence of 71.43% reported 
in a study on poultry feeds from farms and markets 
in Bangladesh, as reported by Chowdhury et al1 4 

but higher than 22.2% prevalence recorded in a 
study from feed outlets in Nigeria as reported by 
Nourmohamadi and Shokrollahi39.A much lower 
prevalence of 3.6% was reported by Nigra et al38 
from  broiler feeds in Iran. Detection of E. coli and 
Salmonella and in feeds is a common study which 
have been reported from different countries. The 
statistical analysis between the four farms revealed 
no significant difference between the occurrence 
of Salmonella species and E. coli in farm A and D 
(p>0.05) while location B and C recorded significant 
occurrence of Salmonella species and  E. coli. The 
percentage prevalence of Salmonella sp. and E. coli 
from the two different feeds (broiler starter and 
broiler finisher) was 25%, and 37.5%,  respectively. 
This findings partially agrees with the work of 
Nourmohamadi and Shokrollahi39 who reported 
a prevalence of 40%, for Salmonella species and 
25%, for E. coli in broiler starter, and broiler finisher 
feeds respectively. Although Salmonella showed a 
slightly higher contamination rate in both starter 

feed and finisher feed (37.5%, p=0.13) than E. coli, 
(25%, p=0.06), there was no significant difference 
between the data obtained.
 Heeraman 24 reported that cereal 
ingredients for animal feeds were contaminated 
with Salmonella and Escherichia coli at the farm 
level, whereas 92% of the meat and bone meal 
samples tested in the US were contaminated 
with Escherichia coli and Salmonella sp., and 31% 
of Salmonella contamination was recorded in 
fishmeal samples in the Netherlands50. The poultry 
feeds from the four (4) farms showed higher 
contamination with Salmonella species than with E. 
coli even though there was no significant different 
(p>0.05) between them. A possible explanation for 
this may be due to the increased use of antibiotics 
in the feed for treatment which made poultry 
feed a major reservoir of antimicrobial resistant 
Salmonella and E. coli. This agrees with the work 
of Atere et al6 and Brown et al8 who reported 
the increased use of antibiotics in feed result in 
the contamination of feed by Salmonella and 
Eschericia. coli that develop antibiotic resistance 
due to transposons. The sensitivity, moderate 
sensitivity and resistant of Salmonella sp. and 
E.coli at different concentrations of the antibiotics 
( ranging from 10 to 30 µg) respectively which 
could be attributed to the efficacy of the antibiotics 
on bacterial and/or resistant genes that are 
possessed by the bacterial genome as the case 
may be towards some of the antibiotics. due to 
the indiscriminate use of antibiotics by farmers 
This antibacterial susceptibility pattern is similar to 
reports of  Alabi et al2 who conducted a research 
in Abeokuta, Nigeria and reported a higher 
prevalence and antibacterial susceptibility pattern 
of salmonella isolates from chicken carcasses while 
Atere et al6 and Silva et al48 both also reported 
isolation and antibiotic susceptibility pattern of 
Salmonella and E. coli from livestock feeds.

CONClUsiON
 The result of proximate analysis indicated 
dry matter having the highest percentage and 
crude fiber having the least percentage. The 
isolation and identification of the collected chicken 
feeds indicated Salmonella species having high 
number (6 positive samples) of contaminations 
in broiler starter and broiler finisher feeds than 
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E. coli having lesser number (4 positive samples) 
of contaminations. Antibiogram of the bacteria 
carried out indicated ciprofloxacin, Gentamycin, 
Perfloxacin and Tarvid to be effective against 
Salmonella species and Escherichia coli isolated 
from the chicken feeds analyzed. 
Recommendations
1. The application of Hazard Analysis and 

Critical Control Points (HACCP) in poultry 
feed production should be paramount in 
the industries and to local feed producers.

2.  Disinfection of ingredients before addition to 
the pool of the feed is highly recommended.

3.  Addition of probiotics to the prepared 
poultry feeds is also highly recommended, 
this will reduce indiscriminate use of 
antibiotics which usually result to antibiotic 
resistance by microorganisms that attacks 
the feeds.

4.  A d h e r i n g  t o  S u r v e i l l a n c e ,  G o o d 
Manufacturing Practices (GMP) and 
personal hygiene by the feed producers 
will reduce or eliminate contamination of 
the feeds.

ACKNOWleDgMeNts
 We would like to express our heartfelt 
thanks to the laboratory technologists for their 
technical supports and the Department of 
Microbiology, Kaduna State University, Kaduna, 
Nigeria for providing the laboratory facilities for 
this research.

CONFliCt OF iNteRest
 The authors declare that there is no 
conflict of interest.

AuThoRS’ ConTRIBuTIon
 All authors listed have made a substantial, 
direct and intellectual contribution to the work, 
and approved it for publication.

FUNDiNg
 This study was self supported and 
publication incentive was provided by Nile 
University of Nigeria.

DATA AvAIlABIlITy
 All datasets generated or analyzed during 
this study are included in the manuscript.

ethiCs stAteMeNt
 This article does not contain any studies 
with human participants or animals performed by 
any of the authors.

ReFeReNCes
1. Abdellah C, Fouzia RF, Abdelkader S, Rachida 

SB, Mouloud Z. Prevalence and anti-microbial 
susceptibility of Salmonella isolates from chicken 
carcasses and giblets in Meknès, Morocco. African J 
Microbiol. Res., 2009;3(5), 215-219.

2. Alabi JO, Fafiolu AO, Akande FA, et al. Assessment of 
microbial profile of selected proprietary broiler chicken 
feeds sold in Abeokuta, South-West, Nigeria. Nigerian. 
J Anim Sci. 2018;20(1):183-190.

3. Angelo KM, Nisler AL, Hall AJ, Brown LG, Gould LH. 
Epidemiology of restaurant-associated foodborne 
disease outbreaks, United States, 1998-2013. 
Epidemiology & Infection. 2015;145(3):523-534. doi: 
10.1017/S0950268816002314

4. Antunes P, Campos M, Peixie L. Salmonellosis: the role 
of poultry meat. Clinical Microbiology and Infection. 
2017;22(2):110-121. doi: 10.1016/j.cmi.2015.12.004

5. Ashraf A, Rahman FA, Abdullah N.Poultry Feed in 
Malaysia: An Insight into the Halalan Toyyiban Issues. 
Proceedings of the 3rd International Halal Conference 
(INHAC 2016). 2016;511-531. doi: 10.1007/978-981-
10-7257-4_45

6. Atere VA, Bamikole AM, Ajurojo OA. Antibiotic 
Susceptibility of bacteria isolate from poultry feeds 
sold in Ado Ekiti, Nigeria. Journal of Medical Life 
Science. 2015;3:1-4

7. Ayeni FA, Odumosu BT, Oluseyi AE, Ruppitsch W. 
Identification and prevalence of tetracycline resistance 
in enterococci isolated from poultry in Ilishan, Ogun 
State, Nigeria. J Pharm Bioall Sci. 2016;8(1):69-73. doi: 
10.4103/0975-7406.171729

8. Brown AC, Grass JE, Richardson LC, Nisler AL, 
Bicknese AS, Gould LH. Antimicrobial resistance 
in Salmonella that caused foodborne disease 
outbreaks: United States, 2003-2012. Epidemiology 
and Infection. 2017;145(4):766-774. doi: 10.1017/
S0950268816002867

9. Bukar H, Saeed MD. Proximate Analysis and 
C o n c e n t r a t i o n  o f  s o m e  h e a v y  m e t a l s 
in selected poultry feeds in Kano Metropolis, 
Nigeria. Bayero J Pure Appl Sci. 2014;7(1)75-79. 
doi: 10.4314/bajopas.v7i1.14

10. Burgess CM, Gianotti A, Gruzdev N, et al. The 
response of foodborne pathogens to osmotic 
and desiccation stresses in the food chain. Int J 
Food Microbiol. 2016;221(1):37-53. doi: 10.1016/j.
ijfoodmicro.2015.12.014

11. Campilongo O, Di Martino ML, Marcocci L, et al. 
Molecular and Functional Profiling of the Polyamine 
Content in Enteroinvasive E. coli : Looking into the 
Gap between Commensal E. coli and Harmful Shigella. 
PLoS One. 2014;9(9):e106589. doi: 10.1371/journal.
pone.0106589

12. Choi S, Myers MA. Poultry and Products Annual. USDA 
Foreign Agricultural Report. Serial number S1342. 

https://doi.org/10.1017/S0950268816002314
https://doi.org/10.1017/S0950268816002314
https://doi.org/10.1007/978-981-10-7257-4_45
https://doi.org/10.1007/978-981-10-7257-4_45
https://doi.org/10.4103/0975-7406.171729
https://doi.org/10.4103/0975-7406.171729
https://doi.org/10.1017/S0950268816002867
https://doi.org/10.1017/S0950268816002867
https://doi.org/10.4314/bajopas.v7i1.14
https://doi.org/10.1016/j.ijfoodmicro.2015.12.014
https://doi.org/10.1016/j.ijfoodmicro.2015.12.014


  www.microbiologyjournal.org1024Journal of Pure and Applied Microbiology

Mohammed et al. | J Pure Appl Microbiol | 15(2):1016-1025 | June 2021 | https://doi.org/10.22207/JPAM.15.2.60

Agricultural Biotechnology Annual. 2014;1(1):11-14.
13. Chousalkar K, Gast R, Martelli R, Pande V. Review of 

egg-related salmonellosis and reduction strategies in 
United States, Australia, United Kingdom and New 
Zealand. Crit Rev Microbiol. 2018;44(3):290-303. doi: 
10.1080/1040841X.2017.1368998

14. Chowdhury A, Iqbal A, Uddin MG, Uddin M. Study 
on Isolation and Identification of Salmonella and 
Escherichia coli from Different Poultry Feeds of Savar 
Region of Dhaka, Bangladesh. Journal of Scientific 
Research. 2011;3(2):403-411. doi: 10.3329/jsr.
v3i2.7128

15. Davis CG, Harvey D, Zahniser S, Gale F, Liefert W. 
Assessing the Growth of U.S. Broiler and Poultry Meat 
Exports. USDA A Report from the Economic Research 
Service. 2013.

16. De Knegt L, Pires SM, Hald T. Attributing food borne 
salmonellosis in humans to animal reservoirs in the 
European Union using a multi-country stochastic 
model. Epidemiology & Infection. 2015;143(6):1175-
1186. doi: 10.1017/S0950268814001903

17. Dougnon TV, Legba B, Deguenon S, et al. Pathogenicity, 
Epidemiology and Virulence Factors of Salmonella 
species: A Review. Notulae Scientia Biologicae. 
2017;9(4):460-466. doi: 10.15835/nsb9410125

18. Ekelozie IF, Obeagu EM. A Review on Salmonella 
species and Indicator organisms in Drinking Water. Int. 
J. Compr. Res. Biol. Sci. 2018;5(2):5-23. doi: 10.22192/
ijcrbs.2018.05.02.002

19. Faisal SW, Alam AK, Sajed N, Hasnat NE. Study of 
antibiotic sensitivity pattern of Salmonella typhi and 
Salmonella paratyphi isolated from blood samples 
in Dhaka city. The Pharma Innovation Journal. 
2017;6(1):93-97.

20. Ferens WA, Hovde CJ. Escherichia coli and salmonella. 
Animal reservoir and sources of human infection. 
Foodborne Pathogen and diseases. 2011;8(4):465-487.  
doi: 10.1089/fpd.2010.0673

21. Fournier JB, Knox K, Harris M, Newstein M. 
Family Outbreaks of Nontyphoidal Salmonellosis 
following a Meal of Guinea Pigs. Case Report 
of  In fect ious  D isease .  2015;2015:864640. 
doi: 10.1155/2015/864640

22. G ra nt  W D,  S u t h e r l a n d  I W,  W i l k i n s o n  J F. 
Exopolysaccharide colanic acid and its occurrence in 
the Enterobacteriaceae. J Bacteriol. 1969;100(3):1187-
1193. doi: 10.1128/jb.100.3.1187-1193.1969

23. Gustavsson J, Cederberg C, Sonesson U, Emanuelsson 
A. Global Food Losses and Food Waste - extent, causes 
and prevention. Journal of Environmental Protection. 
2011;7(7):1-10.

24. Heeraman D. Qualitative Assement of Salmonella 
species in Large Eggs from selected Supermarkets, 
Groceries and Market Vendors in Trinidad. Journal of 
Health Science Research. 2018;1(1):1-9

25. Huss A, Cochrane R, Jones C, Atungulu GG. Physical 
and Chemical Methods for the Reduction of Biological 
Hazards in Animal Feeds. Food and Feed Safety Systems 
and Analysis. 2018;83-95. doi: 10.1016/B978-0-12-
811835-1.00005-1

26. Jeffery JS, Kirk JH, Atiwill ER, Cullor JS. Prevalence 
of selected microbial pathogens in processed 

poultry waste used as diary cattle feed. Journal of 
Poultry Sciences. 2008;77(6):808-811. doi: 10.1093/
ps/77.6.808

27. Jianghong M, Doyle MP. Introduction: Microbiological 
food safety. Microbes and Infection. 2012;4:304-310. 
doi: 10.1016/S1286-4579(02)01552-6

28. Julius OA, Oniye SJ, Olugbemi TS. Growth and 
Haematological Response of Broiler Starter Chickens 
Fed Diets Containing Shea Butter Cake. IJSRSET. 
2015;1(2):304-310.

29. Keddy KH, Takuva S, Musekiwa K, et al. An association 
between decreasing incidence of invasive non-
typhoidal salmonellosis and increased use of 
antiretroviral therapy Gauteng Province, South 
Africa, 2003-2013. Case Report of Infectious Disease. 
2017;12(3):e0173091.

30. Kenneth IEP, Itohan IM, Dosa DJ, Olofinlade OG, 
Abdulkarim Y. Identification and Anti-biogramProfile 
of Bacteria Associated with Poultry Feeds Used in 
Wukari, Taraba State, North East, Nigeria. International 
Journal of Agricultural and Biosystems Engineering. 
2017;2(6):48-56.

31. Khan AA, Randhawa MA, Carne A, et al. Quality and 
Nutritional Minerals in Chicken Breast Muscle Treated 
with Low and High Pulsed Electric Fields. Food and 
Bioprocess Technology. 2018;11(1):122-131 doi: 
10.1007/s11947-017-1997-x

32. Leaumont CF, Fields P, McQuiston JR. Rapid Salmonella 
serotyping assay. J Bacteriol. 2018;1(1):20-30.

33. Mathew O, Chiamaka R, Otiekwe C. Microbial Analysis 
of Poultry Feeds Produced in Songhai Farms, Rivers 
State, Nigeria. J Microbiol Exp. 2017;4(2):230-235. doi: 
10.15406/jmen.2017.04.00110

34. Meng X, Zengfeng Z, Keting L, et al. Antibiotic 
Susceptibility and Molecular Screening of Class I 
Integron in Salmonella Isolates Recovered from 
Retail Raw Chicken Carcasses in China. Microbial 
Drug Resistance. 2017;23(2):230-235. doi: 10.1089/
mdr.2015.0359

35. Mensah-Kumi R. Salmonella Infection In Local And 
Exotic Chicken Breeds. International Journal of Current 
Microbiology and Applied Sciences. 2015;15-30. http://
ugspace.ug.edu.gh/handle/123456789/23534

36. Mollenkopf DF, De Wolf B, Feicht SM, et al. Salmonella 
spp. and Extended-Spectrum Cepahlosporin-Resistant 
Escherichia coli Frequently Contaminate Broiler 
Chicken Transport Cages of an Organic Production 
Company. Foodborne Pathogens and Disease. 
2018;15(9):583-588.

37. Mughini-Gras L, Enserink R, Friesema I, Heck M, 
Duynhoven YV, Pelt WV. Risk Factors for Human 
Salmonellosis Originating from Pigs, Cattle, Broiler 
Chickens and Egg Laying Hens: A Combined Case-
Control and Source Attribution Analysis. Clin Microbiol 
Infect. 2014;9(2):e87933. doi: 10.1371/journal.
pone.0087933

38. Nigra AE, Nachman KE, Love DC, Grau-Perez M, Navas-
Acien A. Poultry Consumption and Arsenic Exposure 
in the U.S. Population. Environ Health Perspect. 
2017;125(3):370-377. doi: 10.1289/EHP351

39. Nourmohamadi N, Shokrollahi B. “Short communication 
Multiplex-PCR Assay and detection of Salmonella in 

https://doi.org/10.1080/1040841X.2017.1368998
https://doi.org/10.1080/1040841X.2017.1368998
https://doi.org/10.3329/jsr.v3i2.7128
https://doi.org/10.3329/jsr.v3i2.7128
https://doi.org/10.1017/S0950268814001903
https://doi.org/10.15835/nsb9410125
https://doi.org/10.1089/fpd.2010.0673
https://doi.org/10.1155/2015/864640
https://www.scirp.org/(S(vtj3fa45qm1ean45vvffcz55))/journal/Home.aspx?JournalID=144
https://www.scirp.org/(S(vtj3fa45qm1ean45vvffcz55))/journal/Home.aspx?IssueID=8090
https://doi.org/10.1016/B978-0-12-811835-1.00005-1
https://doi.org/10.1016/B978-0-12-811835-1.00005-1
https://doi.org/10.1093/ps/77.6.808
https://doi.org/10.1093/ps/77.6.808
https://doi.org/10.1016/S1286-4579(02)01552-6
https://doi.org/10.1007/s11947-017-1997-x
https://doi.org/10.1007/s11947-017-1997-x
https://doi.org/10.15406/jmen.2017.04.00110
https://doi.org/10.15406/jmen.2017.04.00110
https://doi.org/10.1089/mdr.2015.0359
https://doi.org/10.1089/mdr.2015.0359
https://doi.org/10.1371/journal.pone.0087933
https://doi.org/10.1371/journal.pone.0087933
https://doi.org/10.1289/EHP351


  www.microbiologyjournal.org1025Journal of Pure and Applied Microbiology

Mohammed et al. | J Pure Appl Microbiol | 15(2):1016-1025 | June 2021 | https://doi.org/10.22207/JPAM.15.2.60

feed. 2014;3(3);105-109. Okogun GRA, Jemikalajah DJ, 
Ebhohimen EV. Bacteriological Evaluation of Poultry 
Feeds in Ekpoma, Nigeria. African Journal of Cellular 
Pathology. 2016;6:6-9.

40. Okogun GRA, Jemikalajah DJ, Ebhohimen EV.  
Bacteriological Evaluation of Poultry Feeds in Ekpoma, 
Nigeria. African Journal of Cellular Pathology. 2016; 
6:6-9.

41. Okoli IC, Ndujihe GE, Ogbuewu IP. “Frequency of 
isolation of salmonella from commercial poultry 
feeds and their anti-microbial resistance profiles, Imo 
State, Nigeria, ” Online Journal. Heal Allied Science. 
2006;5(2):1-10.

42. Pattabhiramaiah M, Mallikarjunaiah S. High-Throughput 
Sequencing for Detection of Foodborne Pathogens in 
Food Safety. Chapter In: Sequencing Technologies in 
Microbial Food Safety and Quality, First Edition, CRC 
Press. 2021;32. doi: 10.1201/9780429329869-19

43. Dougnon T V, legba B, Deguenon E, et al. Pathogenicity, 
Epidemiology and Virulence Factors of Salmonella 
species: A Review. Notulae Scientia Biologicae. 
2017;9(4): 460-466. doi: 10.15835/nsb9410125

44. Rahmn G, Price L, Hanna-Grace R. Implications of 
Foodborne Bacteria on HumanHealth: Isolation and 
Antibiotic Resistance of Salmonella enterica and 
Campylobater spp. on Retail Chicken Sold in California. 
J Health Sci Res. 2017;1(3)1-9.

45. Rajan K,  Shi  Z ,  R icke SC.  Current  aspects 
of Salmonella contamination in the US poultry 
production chain and the potential application of 
risk strategies in understanding emerging hazards. 
Crit Rev Microbiol.  2017;43(3):370-392. doi: 
10.1080/1040841X.2016.1223600

46. Rogawski ET, Guerrant RL, Havt A, et al. Epidemiology 
of enteroaggregative Escherichia coli infections and 
associated outcomes in the MAL-ED birth cohort. 
African Journal of Cellular Pathology, 2016;1(1), 1-15.

47. Santiago AE, Ruiz-Perez F, Jo NY, Vijayakumar V, 
Gong MQ, Nataro JP. A Large Family of Antivirulence 
Regulators Modulates the Effects of Transcriptional 
Activators in Gram-negative Pathogenic Bacteria. PloS 
Pathogen. 2014;10(5):e1004153. doi: 10.1371/journal.

ppat.1004153
48. Silva LS, de Mello Santos AS, Rosa MS. Uropathogenic 

Escherichia coli pathogenicity islands and other 
EPEC virulence genes may contribute to the genome 
variability of enteroinvasive E. coli. BMC Microbiol. 
2017;17(1):68.

49. Uddin MN, Muhammad, Farooq M, et al. Antibiotic 
assays of Salmonella isolated from poultry chicken 
of various locations in districts Swat. Pure and 
Applied Biology. 2018;7(1):78-84. doi: 10.19045/
bspab.2018.70010

50. Ukaegbu-Obi  KM, Ukwen CO,  Amadi  ANC. 
Microbiological and Physicochemical Qualities of 
Selected Commercially Produced Poultry Feeds Sold 
InUmudike, Abia State, Nigeria. Applied Microbiology. 
2017;3(2):132. 

51. Vidal RM, Chamorro NL, Giron JA. Enterotoxigenic 
Escherichia coli. Escherichia coli in the Americas. 
2016;1-26. doi: 10.1007/978-3-319-45092-6_1

52. Voss-Rech D, Potter L, Vaz CSL, et al. Antimicrobial 
Resistance in Nontyphoidal Salmonella Isolated from 
Human and Poultry-Related Samples in Brazil: 20-Year 
Meta-Analysis. Foodborne Pathogens and Disease. 
2017;14(2):116-124. doi: 10.1089/fpd.2016.2228

53. Watier-Grillot S, Boni M, Tong C, et al. Challenging 
Investigation of a Norovirus Foodborne Disease 
Outbreak During a Military Deployment in Central 
African Republic. Food and Environ Virol. 2017;9(4):498-
501. doi: 10.1007/s12560-017-9312-6

54. WHO. Forum of Food Safety Regulators Marrakesh, 
Morocco. 2008.

55. Wood JD, Enser M. Manipulating the Fatty Acid 
Composition of Meat to Improve Nutritional Value and 
Meat Quality. New Aspects of Meat Qualit. 2017;:501-
535. doi: 10.1016/B978-0-08-100593-4.00023-0

56. Yang S, Zongfen W, Lin W, Xu L, Cheng L, Zhou L. 
Investigations into Salmonella contamination in 
feed production chain in Karst rural areas of China. 
Environmental Science and Pollution Research. 
2017;24(2):1372-1379. doi: 10.1007/s11356-016-
7868-6

https://doi.org/10.1201/9780429329869-19
https://doi.org/10.1080/1040841X.2016.1223600
https://doi.org/10.1080/1040841X.2016.1223600
https://doi.org/10.1371/journal.ppat.1004153
https://doi.org/10.1371/journal.ppat.1004153
https://doi.org/10.19045/bspab.2018.70010
https://doi.org/10.19045/bspab.2018.70010
https://doi.org/10.1007/978-3-319-45092-6_1
https://doi.org/10.1089/fpd.2016.2228
https://doi.org/10.1007/s12560-017-9312-6
https://doi.org/10.1016/B978-0-08-100593-4.00023-0
https://doi.org/10.1007/s11356-016-7868-6
https://doi.org/10.1007/s11356-016-7868-6

	_Hlk23255046
	_GoBack

