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Abstract
Four different commercial poultry feeds namely, Amo, Vital, Top and Animal care poultry feed brands, each
consisting of starter, grower, layer and finisher categories respectively, obtained from their trade outlets in Umudike,
Nigeria were examined for their microbiological and physicochemical qualities using standard microbiological and
analytical methods. The fungal count was highest in Vital layer feed with 9.6 × 105 cfu/g, while the least count of 3.0
× 104 cfu/g was recorded in Animal care grower feed. Bacterial count was highest in Amo starter (2.70 × 107 cfu/g)
and least in Amo layer (2.0 × 106 cfu/g). A total of twelve microorganisms were isolated. Fungal isolates include
Aspergillus niger, Aspergillus flavus, Fusarium spp, Penicillium spp and Rhizopus spp with Aspergillus flavus having
the highest percentage occurrence of 25.4%. Bacterial isolates include Staphylococcus aureus, Escherichia coli,
Salmonella spp, Pseudomonas spp, Klebsiella spp, Streptococcus spp, and Listeria spp with Staphylococcus aureus
having the highest percentage occurrence of 19.9%. Physicochemical analyses revealed the presence of moisture,
ash, carbohydrate, crude fibre, crude fat and protein contents. The presence of microorganisms in poultry feeds
could pose a threat to the poultry birds and humans, therefore the need for constant assessment of the safe quality
of these feeds.
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Introduction
There is an increase demand for poultry at all times of the year as
poultry provides economically profitable resources of high quality
protein for human consumption. Poultry farming serves as a major
source of income as well and provides job [1].
In an effort to achieve rapid bird growth to meet the increasing
demand for birds and more profit by poultry farmers, large quantities
of nitrogenous waste fortified with other supplements such as spent
grain, cassava waste, bone meal are compounded as poultry feed [2,3].
Thus, there are various categories of feeds depending on what they are
destined to achieved in poultry birds e.g. starter, grower, Layer and
finisher category of feeds.
Poultry feed is considered as one of the important sources of
contamination to poultry [4] as they are routinely subject to
contamination from diverse sources including environmental
pollution, activities of insects and microbes [5]. Specifically, some of
the additives have been incriminated amongst the principal sources of
bacteria of public health concern [3,6].
Standard poultry feeds possess considerable percentage of ash,
crude fat, crude fibre protein, moisture and carbohydrate contents
which are vital for the poultry animal’s health and development, these
nutrients may as matter of fact form nutrients for utilization by
contaminating microorganisms [7]. Both pre-harvest and post-harvest
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biological contaminants can be transmitted through feed ingredients to
the mixed feed and finally to poultry animals [8].
Different types of farm animal diseases such as dysentery, fowl
cholera, samonellosis, staphylococcosis. colibacillosis, erysipelas,
listeriosis have been associated with poultry feed [9]. Microorganisms
that can contaminate poultry feeds includes Escherichia coli,
Staphylococcus aureus, Salmonella spp, Listeria spp, Streptococcus spp,
Klebsiella spp, Pseudomonas spp, Aspergillus niger, Aspergillus flavus,
Rhizopus spp, Penicillium spp, Fusarium spp. However, the number
and types of microorganisms in poultry feeds vary depending on the
function of materials, location of its origin, climate conditions
encountered, harvesting, processing, storage, transport technologies
employed and packaging materials [10].
Effects of microorganisms in poultry feeds may include degradation
of nutrient value, change in smell and colour, caking of the feed and
production of toxins [11], example of these toxins include mycotoxins
which differ in their toxicological effect and are usually found in mixed
form [12]. The occurrence of mycotoxigenic fungi is widespread in
tropical countries due to favourable environmental conditions [13,14].
Unsafe poultry feed may also lead to great economic losses in case of
destroying an infected flock of birds [15]. As it has become a popular
industry for small scale holders and this has contributed sparingly to
the economy of these countries [11].
The quality of poultry feed is of public health importance because it
affects the quality of poultry and the wholesomeness of meat
consumed by man. The safety and quality of these poultry feeds are
currently of major concern in developed countries. Safety of feed is a
fundamental requirement for all birds. Considering the health hazard
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posed to poultry birds and the unsuspecting consumers of such
contaminated feeds and its overwhelming socioeconomic impact, it is
essential to undertake this study
This study was therefore carried out to isolate and characterize the
microorganisms associated with different brands of poultry feeds in
Umuahia associated with different brands of poultry feeds in Umuahia.
Also to determine the physicochemical properties of these
commercially produced feeds.

(20) grams of the feed sample was measured out and further weighed
(W1) in the aluminium dish Can. The aluminium dish can was then
dried in a hot air oven for 24 hours and cooled in a desiccators and
weighed (W2) measured. Percentage of moisture content was
determined as follows:
���������� �� �������� ������� =

�1 − �2 − �2 − �0

Materials and Methods

�1 − �0

Sample collection

Where,

Four different brands of poultry feeds namely; Top, Vital, Amo and
Animal care feeds each consisting of starter, grower, layer and finisher
feed types respectively, were purchased from the retailers in Umuahia
market, ensuring that each had no abnormal colour change or odour.
The samples were collected aseptically into a sterile plastic bag and
labelled accordingly; they were transported immediately to the
laboratory for analyses.

W0=Weight of empty moisture can

Sample preparation
One gram of each of the collected sample was weighed out for
microbiological analyses using a triple beam balance (Model: OHAUS
750-S0). For each of the feed samples obtained, a ten-fold serial
dilution was carried out using physiological saline, these dilutions was
made up to 10-7.

Microbiological analyses
Isolation and enumeration of fungal isolates: An aliquot of the
dilution was cultured by spread plate technique using Sabouraud
dextrose Agar. The plates were incubated in duplicates for 24-72 hours;
after which colonies on the plates were counted, recorded and the
mean fungal counts expressed in colony forming unit per gram (cfu/g)
of each sample.
Characterization and identification of fungal isolates: The
identification and characterization of fungal isolates were based on
morphological features, slide culture technique and slide mount of
each isolate in lactophenol-cotton blue as described by Barnett and
Hunter [16].
Isolation and enumeration of bacterial isolates: One gram of each
sample was added into 9 ml physiological saline and serially diluted up
to 10-7. An aliquot was cultured by spread plate technique onto
Nutrient Agar, McConkey Agar and Blood Agar in duplicates. The
plates were incubated at 37°C for 24 hours. Colonies of bacteria that
grew after incubation were counted, recorded and the mean bacteria
count of the duplicate plates expressed as colony forming unit per
gram of the sample.
Characterization and identification of bacterial isolates: The discrete
bacteria colonies that grew were sub-cultured on a freshly prepared
Nutrient Agar to obtain pure cultures. The pure cultures were
maintained at 4°C for further biochemical tests.

Physicochemical analyses
Determination of moisture content (Mc): The method of Pearson
[17] was used. The weight of an empty aluminium dish Can (W0) was
determined before the sample was introduced into it, about Twenty
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× 100

W1=Weight of moisture can and sample
W2=Weight of dessicated sample
(W1-W0)-(W2-W0)=Weight loss
Determination of ash content (Ac): The method reported by AOAC
[18] was used. An empty clean crucible dish was weighed noted as W0.
Poultry feed sample in two (2) grams was measured and weighed in
the empty clean crucible; the weight (W1) was noted. The crucible
containing the sample was further placed in a muffle furnace and
ashed at 5000°C–6000°C for about 8 hours the crucible was removed
from the muffle furnace and cooled in a desiccator, and weighed (W2)
using a weighing balance
�2 − �0

���������� �� ��ℎ ������� = � − � × 100
1
0

Where ,

W0=Weight of empty crucible
W1=Weight of sample and crucible
W2=Weight of ash and crucible
Determination of crude fibre content (Cfic): The method reported
by AOAC [18] was used, Twenty (20) grams of feed sample were
weighed in conical flask and the weight (W0) noted. 200 ml of boiling
1.25% H2S4 were added into the conical flask containing the sample
and boiled gently for 30 minutes. The content was filtered through a
muslin cloth and the residue scraped into a clean conical flask using a
spatula 20 ml of boiling 1.25% of NaOH added and allowed to boil
gently for 30 minutes. Further filtration was done using the Buckner
pressurized filter through a muslin cloth spread over its funnel. The
resulting residue was done using the Buckner pressurized filter
through a muslin cloth spread over its funnel. The resulting residue
was rinsed once with 10% HCl and twice with ethanol. Final rising
with petroleum ether was done thrice and allowed to drain. The
residue was scraped into a flat silica dish and dried overnight in oven
at 105°C. Afterwards, it was cooled in desiccator and the sample
weighed (W1). The sample was further ashed at 550°C for 90 minutes
in a muffle furnace, cooled again in the desiccators and reweighed.
Percentage fiber content was determined as follows:
���������� ����� ������� =
Where,

� 2 − �0
� 1 − �0

× 100

W0=Weight of sample
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Statistical analysis

W1=Weight of insoluble material
Determination of crude protein content: The method reported by
AOAC [18] was used. The feeds samples were measured in Five (5)
grams in a measuring cylinder and introduced into 100 ml of micro
kjeidahl digestion flask. The following were further added to the flask:
5 ml of distilled water, one tablet of mercury kjeidahl catalyst, half
spatula full of K2SO4, 5 ml of concentrated H2SO4. The flask was
placed on a 6-unit digester (model: 65500) inside the fume cupboard
and digested for 3 hours, after the digestion was completed, the content
was cooled; leaving behind a colourless residue. Some quantity of
distilled water was added to the colourless digest and the flask swirled
until everything was dissolved. The content was emptied into a 100 ml
volumetric flask.
The malkam distillation apparatus was set up and nitrogen
distillation carried out as follow; 5 ml of the extract were pipetted into
the distillation pot, followed by 5 ml of 55% NaOH and distilled
carried out for 15 minutes. During the distillation, a 100 ml/conical
flask containing 5ml boric acid was kept under the condenser to collect
the distillate boric acid was observed for any change in colour.
Determination of crude fat content: The method reported by AOAC
[18] was used. A 250 ml round bottom flask was dried in an oven,
allowed to cool in the desiccator and the weight measured. 200 ml of
petroleum ether were introduced into dry 250 ml round bottom flask.
Ten (10) grams of the samples were measured using a measuring
cylinder and weighed in a labelled porous thimble, which was covered
with a clean white cotton wool. The covered thimble was placed into
the soxhlet extractor (Model: EME 60250/CE) fitted into the round
bottomed flask. The extraction apparatus was set up with the flask on
the hot water bath of the soxhlet extracting unit. The content of the
round the ether soluble constitutes into the round-bottomed flask. The
extraction lasted for 5-6 hours during which all the petroleum ether
moved up to the extractor, leaving behind the fats in the round bottom
flask. The porous thimble was removed with care and the petroleum
ether collected from the top for re-use. The round-bottomed flask
containing the lipids was then removed and oven-dried for 1 hour at
105-110°C. After drying it was further transferred into a desiccator
(containing silica gel) where it was cooled and also weighed.
�3 − �

The chi-square statistics at 5% probability level using SPSS
(Statistical Package for social sciences, version 22.0) was employed to
determine the significant difference between the observed and
expected data.
Sample code

Fungal Counts (cfu/g)

Bacterial Counts (cfu/g)

1A1

3.90 ×

104

2.70 × 107

B1

3.40 × 104

1.90 × 107

C1

5.00 × 104

2.00 × 106

D1

4.00 × 104

2.60 × 106

2A2

4.20 × 105

1.67 × 107

B2

3.40 × 104

2.00 × 107

C2

9.60 × 105

2.25 × 106

D2

3.40 × 104

1.60 × 107

3A3

3.00 × 105

1.50 × 107

B3

3.60 × 104

1.27 × 107

C3

5.80 × 104

2.50 × 106

D3

3.70 × 105

1.77 × 107

4A4

4.20 × 104

2.00 × 107

B4

3.00 × 104

1.60 × 107

C4

5.60 × 105

2.70 × 106

D4

3.10 × 105

2. 20 × 107

Table 1: Mean fungal and bacterial counts (cfu/g) of different poultry
feed samples (1: Amo feed; 2: Vital feed; 3: Top feed; 4: Animal care.
A=Starter; B=Grower; C=Layer; D=Finisher; +=present; -=absent).

2

���������� �� ��� ������� = � − � × 100
1
0

Where ,

W0=Weight of empty porous thimble
W1=Weight of thimble and sample
W2=Weight of empty extraction flask
W3=Weight of extraction flask and extract
W1–W0=Weight of sample
W3–W2=Weight of extract
Determination of carbohydrate content: The method of Osborne
and Voogt (1978) was used. Carbohydrate content was determined
indirectly by subtracting the crude protein, crude fibre, crude lipid, ash
moisture content from 100% as follows:

Figure 1: Percentage occurrence of fungal isolates from the different
Poultry feeds.

Percentage Carbohydrate Content (% CC)=100-(% protein+% Fibre
+% Ash+% Moisture +% Fat).
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Sample

Feed category

Aspergillus niger

Aspergillus flavus

Fusarium spp

Pencillium spp

Rhizopus spp

A

-

-

-

+

-

B

+

+

+

-

-

C

+

+

+

+

+

D

+

+

+

+

+

A

+

+

+

+

+

B

-

+

+

+

-

C

+

+

-

+

+

D

+

+

+

+

+

A

+

+

-

-

-

B

+

+

+

-

+

C

+

+

-

-

+

D

+

+

+

+

-

A

+

+

+

-

-

B

+

+

+

+

-

C

+

+

-

-

+

D

+

+

+

+

+

1

2

3

4

Table 2: Occurrence of fungal isolates from different brands of poultry feeds (1: Amo feed; 2: Vital feed; 3: Top feed; 4: Animal care. A=Starter;
B=Grower; C=Layer; D=Finisher; +=present; -=Absent).
Samples

Feed category

S. aureus

E. coli

Salmonella spp

Pseudomonas spp

Klebsiella spp

Streptococcus spp

Listeria spp

A

+

+

+

-

-

+

-

B

-

-

-

-

-

+

-

C

+

+

-

-

-

-

-

D

+

-

-

+

-

+

+

A

+

+

+

-

-

-

+

B

-

-

+

-

+

-

-

C

+

+

-

+

-

+

-

D

+

+

-

+

-

-

-

A

+

-

+

-

+

+

-

B

-

-

-

+

-

-

-

C

-

+

+

-

+

-

-

D

+

+

+

+

-

+

+

A

+

+

-

-

+

-

+

B

-

-

-

+

-

+

-

C

-

+

+

+

-

-

-

1

2

3

4
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D

+

+

-

+

+

-

-

Table 3: Occurrence of bacterial isolates from different brands of poultry feeds (1: Amo feed; 2: Vital feed; 3: Top feed; 4: Animal care. A=Starter;
B=Grower; C=Layer; D=Finisher; +=present; -=Absent).

Results
A total of 12 microorganisms were isolated. The bacterial genera
were seven in number while the fungal isolates were five.

content; CFC: Crude fat content; CPC: Crude protein content; CFiC:
Crude fiber content; CC: Carbohydrate Content).
From the mean fungal counts of each feed sample, C2 (vital layer)
had the highest fungal count 9.6 × 105 cfu/g while the least fungal
count was recorded in B4 (Animal care grower) with 3.0 × 104 cfu/g
(Table 1).
The occurrence of fungal isolates in various feed samples. The
percentage occurrence of fungal isolates in various feed samples
showed that Aspergillus flavus had the highest percentage occurrence
(25.4%) (Figure 1).
The mean bacterial count of each feed sample showed that A1 (Amo
layer) had the highest count of 2.70 × 107 cfu/g and the least count was
obtained from C1 (Amo layer) with 2.0 × 106 cfu/g (Figure 2). The
percentage occurrence of bacterial isolates showed that Staphylococcus
aureus had the highest occurrence of 19.9% (Table 2).

Figure 2: Percentage occurrence of bacterial isolates in the different
poultry feeds.

MC%

AC%

CFC%

CPC%

CFiC%

CC%

1A

5

12.7

6.8

16.5

34

25.8

B

4.8

7.5

10

9.7

8.5

60

C

7.6

12.5

3.4

9.8

16.7

50.2

D

8.5

8

7.4

13

5

88.1

2A

8

15

6.3

17.2

5

50

B

10

15

9.2

30

13

24.6

C

9.2

18

4.8

8

6.2

54

D

7

16

8

7.6

4.8

58

3A

7

14.6

4.2

25

4

46

B

7.8

12

7

20

3.8

50

C

8

10

7.2

26

4

45

D

7.4

10.7

5.3

30

4.8

40

4A

5

8.7

9.5

5

4

68

B

8.7

15

6

4.8

5

60.5

C

13.2

15

7

25

22

20

D

7

9.2

7.4

4

4

70

Table 4: Physicochemical analyses of poultry feed samples (Key: 1:
Amo feed; 2: Vital feed; 3: Top feed; 4: Animal care. A=Starter;
B=Grower; C=Layer; D=Finisher; MC: Moisture content; AC: Ash
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The physicochemical analyses of the feed samples, moisture content
(MC) ranged from 4.80 to 13.20%, Ash content (AC) ranged from 7.50
to 18.00%, crude fat content (CFC) ranged from 3.40 to 10.00%, crude
protein fiber (CPC) ranged from 4.80 to 30.00%, crude fiber content
(CFiC) ranged from 4.00 to 34.00% and carbohydrate content (CC)
was from 20 to 70% respectively (Tables 3 and 4).

Discussion
All poultry feed samples examined showed the presence of
microorganisms. When isolated and identified, the fungi isolated
included Aspergillus niger, Aspergillus flavus, Fusarium spp,
Penicillium spp, Rhizopus spp, while the bacterial genera were
Escherichia coli, Klebsiella spp, Listeria spp, Pseudomonas spp,
Salmonella spp, Staphylococcus aureus and Streptococcus spp. Some of
these microbial isolates have also been isolated by Sule and Ilori [19],
Uwaezuoke and Ogbulie [3]. The presence of these microorganisms in
the poultry feed samples is of public health concern as these
microorganisms can be pathogenic causing infections to the birds and
also to the consumers of the poultry birds. Microbial presence in these
poultry feeds shows that these microbes can utilize these feeds for their
growth and metabolism.
Sources of these organisms may be of various origins. As reported
by D’Mello [10] microbial contamination of poultry feeds can be as a
result of climatic conditions encountered during processing, storage
and transport stages and technologies employed. The bacterial genera
may have originated from nitrogenous waste such as dung, chicken
excreta, etc. as reported by Uwaezuoke and Ogbulie [3], fungal species
may have resulted from carry-over of over-seasoned fungal species
from the field as fungal species have the ability to transform into spores
that can remain dormant for very long time [7].
The observed high mean bacterial counts in starter and finisher
category of feed samples agree with the findings of Arotupin et al., [7].
This can be as a result of the ingredients used in producing these
categories of feeds.
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The observed high occurrence of fungal species agrees with reports
of the experiment conducted elsewhere by Uwaezuoke and Ogbulie
[3]. This high level of fungi obtained in this study can be associated
with the low water activity of poultry feed and the physiology of the
contaminating fungal genera, moisture content and ambient
temperature. These are key factors affecting fungal colonization of
poultry feeds and mycotoxin production in concentrate and
compounded feeds. Aspergillus and Penicillium are involved in
production of Aflatoxins which are powerful mycotoxins that has been
documented to be carcinogenic to human [20]. Fusarium spp and
Rhizopus spp should be viewed with serious concern, more than not
these organisms have been documented to be the most dominant of all
the fungi in respect of mycotoxin production in poultry feeds [5].
The greater number of bacteria than fungi isolated agrees with the
findings of Uwaezuoke and Ogbulie [3] and Obi and Ozugbo [21]. But
not in consonance with the findings of Arotupin et al., [7] which had
higher number of fungi than bacteria in poultry feed assessment.
The presence of Listeria, Pseudomonas, Escherichia coli, Klebsiella
and Salmonella may suggest faecal as well as environmental
contamination. Some of these organisms are well known pathogens of
birds and farm animals. For example even a small percentage of listeria
spp may be significant as reported by Aliyu et al., [11]. Staphylococcus
aureus, a normal flora of skin and nose portrays improper handling
practices. The use of animal protein ingredient especially cheap locally
processed fish waste has been reported to be an important vehicle for
bacterial contamination in poultry feed ingredient [7].
The association between the feed types and mean bacteria counts
was not statistically significant, X2=0.75, p>0.05.
The physicochemical analyses show that the various poultry feeds
constitutes of nutrients that support and sustain microbial growth.
The presence, load and percentage of these isolated bacteria and
fungi in these feeds under study cause degradation of feed nutrients,
production of toxins and proliferation of microorganisms. These affect
the quality of the poultry feeds, birds and bring about losses to farmers
as result of death of poultry birds. The wholesomeness of poultry meat
consumed by man is also affected which leads to food borne illnesses.
An addition of an antimicrobial substance which will inhibit
microbial growth can be added poultry feed. Production processes
should be aseptically carried out to avoid microbial contamination.
These feeds should be properly stored in a dry place while prolonged
storage should be avoided. Regular safe quality and accurate
assessment of these feeds is essential considering the possible socioeconomic and health implications of contaminated poultry feeds to
poultry and human consumers of poultry products.
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