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Abstract: The study was conducted aiming at the isolation and identification of pathogens from poultry feed
manufactured by four different brands namely A (broiler starter), B (broiler finisher), C (layer starter) and D
(layer finisher) sold in retail stores of Rangpur city of Bangladesh. All these samples were collected from four
randomly chosen outlets and analyzed by culturing in different culture media such as Nutrient broth (NB),
Nutrient agar (NA), Salmonella-Shigella (SS) agar, Eosin methylene blue (EMB) agar, MacConkey agar, Triple
sugar iron (TSI) agar slant, Motility, Indole, Urease (MIU) and Saboraud Dextrose agar (SDA) media. The
bacterial agents were isolated and examined under light microscope for their gross morphological and
conventional biochemical characteristics. The bacteriological analyses were done at the Microbiology
Laboratory of Hajee Mohammad Danesh Science and Technology University, Dinajpur during the period of
January to June, 2014. Total bacterial colonies of all the samples were counted separately according to the
American Public Health Association, using nutrient agar medium for total viable count (TVC), Eosine
methylene blue (EMB) agar media for total E. coli count (TEC) and Salmonella-Shigella agar for TSC (total
salmonella count). Saboraud Dextrose agar (SDA) media was used for detection of fungus. The virulence effect
of the organism present in feed were observed by inoculating the organism in poultry. Recorded result showed
that average TVC of feed sample A, B, C and D were 5.45 x 106, 3.28 x 105, 5.14 x 106 and 4.53 x 105 CFU/gm
(colony forming unit per gram) respectively. TEC of feed sample A, B, C and D were recorded 6.25 x 10 5, 8.26
x 103, 5.52 x 105 and 5.65 x 104 CFU/gm respectively. TSC of feed sample A, B, C and D were recorded 3.15 x
104, 2.68 x 103, 4.46 x 103 and 1.19 x 104 CFU/gm respectively. The highest TVC, TEC and TSC were found in
broiler starter (feed sample A) and lowest TVC, TEC and TSC were found in broiler finisher (feed sample B).
Fungal count was 1.85 x 105 CFU/ gm in layer finisher (feed sample D) could be as a result of their high
pathogenecity as reported by researchers elsewhere. These organisms can cause several poultry and farm animal
infections specially mycotoxicosis having public health significance to both human and poultry. The presence of
high numbers of E. coli and Salmonella spp. in poultry feed were indicative of poor hygienic practices during
manufacture, post process contamination and unsatisfactory transportation and reservation. Therefore reinforce
the need for preventive control measures, hygienic handling and processing of feeds to reduce the risk of
potential human health hazards.
Keywords: poultry feed; total viable count (TVC); total E. coli count (TEC); total Salmonella count (TSC);
colony forming unit (CFU)
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1. Introduction
Poultry industry is one of the important industries in Bangladesh in terms of employment avenue and source of
protein supply at cheaper price for the nation. Commercial poultry production has been growing rapidly in
Bangladesh since early 1990 by using improved genetics, manufactured feeds and management (Raha, 2013).
The poultry meat alone contributes a substantial 37% of the total meat production in Bangladesh (Begum et al.,
2011). It is estimated that there are about 137.2 million of poultry (Agricultural Census, 2008) and more than
one lakhs poultry farms in Bangladesh (Saleque, 2007). Currently there are about 130 hatcheries (65 hatcheries
with breeding farm) in Bangladesh, with 2 million broilers and 0.3 million layer parent stock which producing 4
to 5 million commercial day old chicks per week. The commercial broiler and layer farms supplying about 0.2
million metric ton of poultry meat and 5210 million table eggs per year in Bangladesh (Samad, 2005).
The advancement of poultry industry in Bangladesh is interrupted by a number of constraints of which major
one is outbreak of disease causing about 30% mortality of chickens in every year (Ali, 2004). One of the major
problems of the development of the poultry sub-sector in Bangladesh relates to the lack of sufficient and
appropriate feeds (Mitchell 1997; Alam 1997). Relevant research suggests that a high priority is given to the
improvement of the feed supply in this sector, which is expected to help in developing resistance to diseases, on
one hand, and production of quality products, on the other (Islam, 2001).
Poultry feeds are food materials which referred as complete feeds as they are designed to contain all the
nutritional materials needed for proper growth, meat and egg production in raising poultry birds (Obi and
Ozugbo, 2007). Poultry feed are composed largely of grains including corn, wheat, barley, cake meal, sunflower
seeds, peanuts and protein products of animal origin like fish meal, meat or bone meal, slaughter house offal’s
etc. (Arotupin et al., 2007). Various brands of poultry feeds are in existence depending on the functions they
perform in the birds. Thus there are starter, growers, finishers, layers, among others. Poultry feeds can be
contaminated directly and indirectly through contact with soil, rodent, birds, dust, human carrier, sewage or
water during processing and storage (Ezekiel et al., 2011). Poultry feeds can potentially become contaminated
with food borne pathogenic microorganisms during harvesting, processing, handling and marketing of the
bagged feeds (Chowdhuri et al., 2011). Poultry feeds contaminated with bacteria pathogenic to humans can
contribute to human food borne illness through the feed-poultry-food-human chain. Prominent bacterial species
in the poultry feeds include Bacillus, Salmonella, E. coli, Enterococcus, Canpylobacter, Clostridium and
Lactobacillus have been shown to be of critical importance in tropical region like Bangladesh and others
(Onyeze et al., 2013; Hossain et al., 2011; Nasrin et al., 2007). Reports by Gill and Best (1998) and Ruff (1992)
have listed animal feed as one of the sources of microorganisms to animals. Specifically, some of the additives
have been incriminated amongst the principle sources of bacteria of public health concern (Ogbulie and
Okpokwasili, 1998). Various types of farm animal diseases such as diarrhoeal diseases like bacillary dysentery,
amoebic dysentery, fowl cholera, Salmonellosis, Staphylococcosis, Colibacillosis, Erysipelus, Listeriosis etc,
have been traced to the contamination of animal feed (Healing and Greenwood, 1991). A potential and more
deadly hazard has been associated with the consumption of microbial toxin of bacterial and fungal origin in feed
(Hesseltine, 1984; Betina, 1989; Gilbert, 1995). Studies elsewhere have associated some animal feeds with
toxigenic strains of fungi and bacteria of public health concern (Bilgrami et al., 1995; White and Torman,
1995). Considering the health hazard posed to poultry and the unsuspecting consumers of such contaminated
feed and its overwhelming socio economic impact, it is pertinent to undertake this study. This research is
therefore designed to identify and characterize the microbial flora and fungus of commercially available poultry
feeds sold in Bangladesh.
Bearing in mind the above facts the present study was undertaken with the following specific objectives:
a) To assess the microbiological quality of commercially available poultry feeds.
b) To determine the microbial loads associated with feed samples by using Total viable count (TVC), Total
E. coli count (TEC) and Total Salmonella count (TSC).
c) To isolate and identify the microorganisms from feed samples by using cultural and biochemical tests.
d) To observe the effect of these feed in birds.
2. Materials and Methods
2.1. Study area
The present study was carried out at Microbiogy Laboratory of the Department of Microbiology, Hajee
Mohammad Danesh Science and Technology University (HSTU), Dinajpur, Bangladesh during the period from
January to July, 2014.
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2.2. Collection of feed sample
Four different brands of poultry feed samples were aseptically collected from poultry feed seller outlet at city
corporation, Rangpur, Bangladesh. A total of 20 samples, each of five from different brand of commercial feed
were collected. The collected samples of different brands were labeled as A (broiler starter), B (broiler finisher),
C (layer starter) and D (layer finisher) and transported to the laboratory where bacteriological and mycological
analysis were carried out within 2-6 hours of sample collection.
2.3. Laboratory preparation
All items of glass wares including test tubes, pipettes, cylinder, flasks, conical flasks, glass plate, slides, vials
soaked in a household dishwashing detergent solution (‘Trix’ Recket and Colman Bangladesh Ltd.) for
overnight, contaminated glassware were disinfected in 2% sodium hypochloride solution prior to cleaning. The
glassware were then cleaned by brushing, washed thoroughly and finally sterilized either by dry heat at 160 0 C
for 2 hours or by autoclaving for 15 minutes at 1210 C under 15 lbs pressure per square inch. Autoclaved items
were dried in a hot air oven over at 500 C. Disposable plastic were (micropipette tips) was sterilized by
autoclaving. All the glassware was kept in oven at 500 C for future use.
2.4. Microbiological analyses
The bacteriological and mycological quality of four brands of feed sample was assayed with a view to
establishing their autochthonous microorganisms. The different media such as nutrient broth (NB), Nutrient agar
(NA), Salmonella-Shigella (SS) agar, Eosin methylene blue (EMB) agar, MacConkey agar, Triple sugar iron
(TSI) agar slant, Motility, Indole, Urease (MIU) and Saboraud Dextrose agar (SDA) media were prepared
separately. The last six media are called selective media. The above media were prepared separately by the
following method:
2.4.1. Preparation of NB media
The nutrient broth media were prepared by suspending Thirteen grams of nutrient broth (Difco) was dissolved in
1000 ml of cold distilled water and heated up to boiling to dissolve it completely. The solution was then
distributed in tubes, stoppered with cotton plugs and sterilized in the autoclave machine at l21°C and 15 pounds
pressure per square inch for 15 minutes. The sterility of the medium was judged by incubating overnight at 37°C
and used for cultural characterization or stored at 4°C in refrigerator for future use (Carter and Cole, 1991).
2.4.2. Preparation of NA media
Twenty eight grams of nutrient agar powder (Hi-media, India) was suspended in 1000 ml of cold distilled water
in a flask and heated to boiling for dissolving the medium completely. The medium was then sterilized by
autoclaving. After autoclaving, the medium was poured into each sterile petridish and allowed to solidify. After
solidification of the medium in the petridishes, these were incubated at 370C for overnight to check their sterility
and used for culture characterization (Carter and Cole 1991).
2.4.3. Preparation of SS agar media
6 gms of dehydrated Salmonella-Shigella agar (difco) was suspended in 100 mi of cold completely. After
sterilization by autoclaving, the medium was poured in 10 ml quantities in sterile glass petridishes (medium
sized) and in 15 ml quantities in sterile glass petridishes (large sized) to form a thick layer therein. To
accomplish the surface be quite dry, the medium was allowed to solidify for about 2 hours with the covers of the
petridishes partially removed. The sterility of the medium was judged by keeping the petridishes in the
incubator at 37°C for overnight and then used for cultural characterization or stored at 4°C in refrigerator for
future use (Carter and Cole, 1991)
2.4.4. Preparation of eosin methylene blue agar media
36 gm of EMB agar base (Hi-media, India) was added to 1000 ml of distilled water in a conical flask and heated
until boiling to dissolve the medium completely. After sterilization by autoclaving, the medium was poured in
10 ml quantities in sterile glass petridishes (medium sized) and in 15 ml quantities in sterile glass petridishes
(large sized) to form a thick layer therein. To accomplish the surface be quite dry, the medium was allowed to
solidify for about 2 hours with the covers of the petridishes partially removed. The sterility of the medium was
judged and used or stored at 4°C in refrigerator for future use (Carter and Cole, 1991).
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2.4.5. Preparation of MacConkey agar
51.50 grams of dehydrated MacConkey agar (Difco) was suspended in 1000 ml of cold distilled water taken in a
conical flask and was heated up to boiling to dissolve the medium completely. After sterilization by
autoclaving, the medium was poured in 10 ml quantities in sterile glass petridishes (medium sized) and in 15 ml
quantities in sterile glass petridishes (large sized) to form a thick layer therein. To accomplish the surface be
quite dry, the medium was allowed to solidify for about 2 hours with the covers of the petridishes partially
removed. The sterility of the medium was judged and used for cultural characterization or stored at 4°C in
refrigerator for future use (Carter and Cole, 1991).
2.4.6. Preparation of MIU medium
Eighteen grams of MIU agar (Difco) was suspended in 950 ml of cold distilled water taken in a conical flask
and heated up to boiling to dissolve the medium completely. Ninety five ml was dispensed into flasks and
sterilize by autoclaving at 15 lbs pressure (121°C) for 15 minutes. Then was Cooled to about 50-55°C and
aseptically add 5ml was added of sterile 40% basal medium. After mixing were dispensed into sterile test tubes.
Allow to cool in an upright position. The sterility of the medium was judged and used for cultural
characterization or stored at 4°C in refrigerator for future use (Carter and Cole, 1991).
2.4.7. Preparation of sugar media
The medium consists of peptone water of which fermentable sugar added to the proportion of 100%. One gram
of peptone (Hi-media, India) and 0.5 gram of sodium chloride were added in 100 ml of distilled water. The
medium was boiled for 5 min, adjusted to pH 7.0, cooled and then filtered through filter paper. Phenol red,
indicator at the strength of 0.2% solution was added to peptone water and then in 5 ml into cotton plugged test
tubes containing Durham’s fermentation and placed inverted. These were then sterilized by autoclaving at 15
lb/sq.inch 1210C for 15 minutes. The sugar used for fermentation was prepared separately 10% solution in
distilled water (10 gram sugar dissolved in 100 ml of distilled water). A mild heat was necessary to dissolve the
sugar. The sugar solutions were sterilized in Arnold steam sterilizer at 100 0C for 30 minutes for 3 consecutive
days. An amount of 0.5 ml of sterile sugar solution was added aseptically in each culture containing 4.5 ml
sterile peptone water, indicator and Durham’s fermentation tube. Before use, the sterility of the sugar media was
examined by incubating it at for 24 hours (Carterand Cole, 1991).
2.4.8. Preparation of Saboraud Dextrose agar media
Sixty five grams of SDA medium (Difco) was suspended in 1000 ml of cold distilled water taken in a conical
flask and heated up to boiling for one minute to dissolve the medium completely. After that it was sterilized by
autoclaving at 15 lbs pressure (121°C) for 15 minutes. Then it was cooled to about 45-50°C and dispensed into
sterile Petri dishes or test tubes. The sterility of the medium was judged and used for cultural characterization or
stored at 4°C in refrigerator for future use (Carter and Cole, 1991).
2.5. Isolation and identification of bacterial isolates
2.5.1. Bacteriological examination
The samples were first cultured into the nonselective media such as NA and NB media for total bacterial count.
The feed samples were processed as described by Chowdhuri et al. (2011) by homogenizing 10 gms of each
sample in 90 ml of peptone water in the beaker and mixed thoroughly. Then 900 μl PBS was taken to each of
the small bottles accordingly. Then 100 μl mixed sample from beaker was taken to the small bottles for serial
dilution. Thus the sterile dilution was made up to 10-4. These appropriate dilutions were cultured by spread plate
technique using sterile bent glass rod on the NA media and incubated overnight at 37 0C in the incubator.
Following incubation, plates exhibiting 30-300 colonies were counted and total viable count was calculated
according to ISO recommendation. The results of the total bacterial count were expressed as the number of
organism or colony forming units per gram (CFU/gm) of feed sample.
2.5.2. Cultural characterization and biochemical studies
The feed samples were subcultured into the selective media for identification of bacteria by their morphological
characteristics including size, shape, surface texture, edge, elevation, color, opacity etc. of the colonies on
different media were studied. Several biochemical tests were performed according to Holt et al. (1994) to
identify the biochemical characteristics of the bacterial isolates. The tests were - Catalase test, Indole
production, Urease test, Methyl red test, Voges-proskauer test, Triple Sugar Iron test and Carbohydrate
fermentation test.
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2.5.3. Determination of morphology of bacteria by Gram’s staining method
The Gram’s staining method was performed as described by Merchant and Packer (1976). Briefly, a small
colony was picked up with a bacteriological loop, smeared on a glass slide and fixed by gentle heating. Crystal
violet solution was then applied on the smear to stain for two minutes and then washed with running water.
Gram’s iodine was added to act as mordent for one minutes and then again washed with running water. Acetone
alcohol was then added, which act as a decolorizer. After 10 second washing with water and safranine was
added as counter stain and allowed to stain for 1 to 2 minutes. Then the slide was washed with water, blotted
and dried in air and then examined under microscope with 100 × objectives.
2.6. Isolation and identification of fungi
Fungus grows on artificial media in variety and its gross colony morphology alone can give a preliminary idea
about identification of most fugal strains. For isolation of fungus in pure culture, the suspected mixed culture
was inoculated into Saboraud dextrose agar media by streak plate technique to confirm that they were fungi.
2.7. Statistical analysis
Data were analyzed using SPSS for Windows (version 20.0). Prevalence of bacterial and fungal isolates was
expressed in simple descriptive statistics such as means and standard deviation. For cfu/gm values, one-sample
test was used to test if there is any statistical association between different feed samples and isolated pathogens.
3. Results and Discussion
3.1. Determination of TVC, TEC, TSC and TFC of feed sample
The results of TVC, TEC, TSC and TFC of 20 feed samples of four different brands were not uniform and
varied quite considerably. The average total viable count (TVC) of feed sample A, B, C and D were 5.45 x 10 6,
3.28 x 105, 5.14 x 106 and 4.53 x 105 CFU/gram respectively (Table 1). The average Total E. coli count (TEC)
of feed sample A, B, C and D were 6.25 x 105, 8.26 x 103, 5.52 x 105 and 5.65 x 104 CFU/gm respectively
(Table 2). The average Total Salmonella count (TSC) of feed sample A, B, C and D were 3.15 x 104, 2.68 x 103,
4.46 x 103 and 1.19 x 104 CFU/gm respectively (Table 3). The highest TVC, TEC and TSC were found in broiler
starter (feed sample A) and lowest TVC, TEC and TSC were found in broiler finisher (feed sample B). On the
other hand Table 4 showed that the average Total fungal count (TFC) was 1.85 x 105 CFU/ gm in layer finisher
(feed sample D).
Table 1. Total viable count (TVC) of different feed sample.
Feed sample
A
B
C
D

No. of sample tested
5
5
5
5

No. of positive sample
4
2
3
3

Mean of TVC (cfu/g) ±SD
5.45 x 106±0.004
3.28 x 105±0.003
5.14 x 106±0.002
4.53 x 105 ±0.006

TVC= Total viable count, SD = Standard deviation

Table 2. Total E. coli count (TEC) of different feed sample.
Feed sample
A
B
C
D

No. of sample tested
5
5
5
5

No. of positive sample
4
2
4
3

Mean of TEC (cfu/g) ±SD
6.25 x 105 ±0.003
8.26 x 103±0.002
5.52 x 105±0.004
5.65 x 104±0.003

TEC= Total E. coli count, SD = Standard deviation

Table 3. Total Salmonella count (TSC) of different feed sample.
Feed sample
A
B
C
D

No. of sample tested
5
5
5
5

No. of positive sample
4
2
3
2

TSC= Total Salmonella count, SD = Standard deviation

Mean of TSC (cfu/g) ±SD
3.15 x 104±0.004
2.68 x 103±0.006
1.19 x 104±0.011
4.46 x 103±0.003
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Table 4. Total fungal count of different feed sample.
Feed sample
A
B
C
D

No. of sample tested
5
5
5
5

No. of positive sample
0
0
0
2

Mean of Total fungal count (cfu/g)
0
0
0
1.85 x 103

Table 5. Percentage and range of E. coli and Salmonella sp from different feed sample.
Bacterial species
E. coli
Salmonella spp.

No. of sample tested
20
20

No. of positive sample
13
11

Range
0 to 6.25 x 105
0 to 3.15 x 104

Percentage
65%
55%

Table 6. Percentage and range of TVC and TFC from different feed sample.
Parameter employed
TVC
TFC

No. of sample tested
20
20

No. of positive sample
12
02

Range
0 to 5.45 x 106
0 to 1.8 x 103

Percentage
60%
10%

Table 7. Cultural and Biochemical properties of isolated bacteria and fungus.
Test parameter
Grams reaction

Culture media
SS (Salmonella-Shigella) agar
EMB (Eosin methylene blue) agar
MacConkey agar
SA (Saboraud Dextrose) agar
Biochemical tests
Motility
Catalase
Indole production
Urease
Methyl red
Voges-proskauer
H2S production
Glucose
Sucrose
Lactose
Maltose
Mannitol

E. coli

Salmonella spp.

Fungal species

GN, pink color,
large rod shaped

GN, pink color, small
rod shaped

ND

+
+
ND

+
+
+
ND

ND
ND
ND
+

+
+
+
+
A/G
A
A
A

+
+
+
+
A/G
A
A

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

GN = Gram Negative, ND = Not done, A = Acid production, AG = Acid and gas production,
+ = Positive, - = Negative

3.2. Occurrence of pathogenic bacteria and fungus in poultry feed sample
E. coli was isolated on selective MacConkey agar and EMB agar media where it showed bright pink and
metallic green sheen colonies respectively. The microscopic examination of Gram’s stained smears from
MacConkey and EMB agar revealed Gram-negative, pink colored, small rod shaped organisms arranged in
single, pairs or short chain (Buxton and Fraser, 1977). Biochemical test also confirmed the presence of E. coli.
Similarly Salmonella spp. was isolated on selective Salmonella-Shigella (SS) agar, MacConkey agar and EMB
agar media producing black centered, pale smooth and colorless transparent colonies respectively. In Gram’s
stained smears the organisms revealed gram-negative, pink color, large rod shape with opaque and translucent
appearance (Buxton and Fraser, 1977). Biochemical test was also done for the presence of Salmonella spp. On
the other hand fungal species was isolate on Saboraud dextrose agar (SDA) media where it produced colonies
with white cottony growth. The overall identification criteria employing cultural and biochemical tests for the
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isolation of bacterial and fungal species were shown in Table 7. The present study was conducted to assess the
microbiological quality of commercially available poultry feed using different cultural, biochemical tests, and
staining techniques for identification and isolation of pathogenic microorganisms harmful for both human and
animal health that contracted the infection from contaminated poultry feed. This study revealed that the
percentage occurrence of pathogenic bacteria and fungus was 60% and 10% respectively (Table 6). The high
occurrence of total viable count of bacterial and fungal species of public health concern may indicate obvious
health hazard in terms of direct consumption of contaminated feed or their toxins by farm animals and poultry
(Frazier and Westhoff, 1978). Total fungal count is one of the criteria in evaluation of hygienic quality of feed
(Krnjaja et al., 2008) and these counts should not exceed the values of 1x105 CFU/g (Dalcero et al., 1998).
Possible reason for the absence of fungal count in feed sample A, B and C might be inclusion of antifungal
agents, use of high temperature during preparation and manufacturing. The study showed that the percentage
occurrence of E. coli was 65% (Table 5) which is in line with the findings of Akond et al. (2009), Chowdhuri et
al. (2011) and Da Costa et al. (2007) where it was 58%, 57.14% and 50% respectively. On the other hand the
percentage of Salmonella spp. was 55% (Table 5) which is lower than the finding of Chowdhuri et al. (2011)
and higher than the finding of Onyeze et al (2013), Alshawabkeh (2006), Refai et al. (1992) in that it was
71.43%, 24.4%, 2.33% and 4.4% respectively. A potential and more deadly hazard has been associated with the
consumption of microbial toxins of bacterial and fungal origin in feed (Gilbert, 1995). On the other hand
presence of E.coli and Salmonella spp. may suggest fecal as well as environmental contamination (Uwaezuoke
and Ogbulie, 2008). For instance E. coli known as coliform bacteria are normal inhabitants of the digestive tract
and are abundant in the poultry environment, some of them is implicated in disease conditions such as
collibacillosis occurring various forms such as enteric and septicemic collibacillosis that cause increased
mortality and performance of birds whereas Salmonella spp. is a serious threat to consumer health due to its
ability to adapt to many different environments and broad range of transmission routes producing acute and
chronic infections in all or most types of birds and animals (Bains 1979, Mallinson 1984, Barnes et al., 2003,
Maciorowski et al., 2004). According to Shirota et al. (2001) broiler and layer feed is one of the important
sources of chicken farm contaminated with Salmonella. The result of poultry inoculation in this study revealed
that lower dose (2.68x103) of Salmonella organism was not produced any clinical sign due to resistant power but
higher dose (3.15x104) of the same organism was able to produce clinical signs including depression, reluctant
to move and diarrhea (Wray et al., 1996). These organisms can survive and multiply at refrigerator temperatures
and in a wide range of pH, hence even a small amount of contamination may be significant (Linnan et al. 1988).
4. Conclusions
The role of poultry farmers in ensuring food safety when handling animal droppings and contaminated feed
need to be emphasized. Poultry feed having pathogenic bacterial and fungal contamination is of public health
concern posing threat to both human and animal. The presence of above bacteria and fungus in all commercial
feed samples in the study area therefore calls for attention in both production and storage strategies employed by
the poultry feed manufacturers, whole sellers, retailers and consumers. Good husbandry and management
practice, avoid overcrowding and stress condition, sanitation, adequate ventilation and maintain bio-security
measures of the poultry shed, several improvement in the feed processing industry including improve hygiene,
feed treatment, transportation, packing materials and good manufacturing practices in the feed mill may be
effective for prevention and control of pathogenic microorganisms at the pre-harvest and post-harvest phase of
poultry production as well as improvement of the microbiological quality of the feed sample.
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