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Abstract

ITTER is an important component of poultry production, that can affect health, productivity.

This study aimed to highlight pathogenic bacteria from litter and compare the efficacy of two
amendments (alum at 7% concentration and calcium carbonate at 10% concentration). A total of 140
poultry litter samples were collected equally (n=20) throughout cycle (42 days) and transported to the
laboratory for physico-chemical and microbiological analysis. Results revealed increase in all
physico-chemical parameters throughout the study (p-value < 0.01) including pH, temperature (°C) ,
moisture content (%), NHs-N (g Kg™%, Kg, wb),and NOs-N (mg Kg, wb) at the end of the cycle
(8.0+1.3,30.54 +£2.8,60.13 £ 3.8, 6.80 £ 1.1, and 29.75 * 6.1 respectively) as compared to litter at
beginning of the cycle (7.08 + 0.06, 20.6 + 1.2, 25.0 £ 1.8, 0.18 + 0.03, and 1.84 + 0.02
respectively).The predominant pathogens were Proteus spp. (32.47%), E. coli (23.07%),
and Klebsiella spp. (22.22%), and 20 samples showing mixed infection (17.09%) and the least one
was Salmonella spp (1.70%). The addition of alum (7%) to broiler litter resulted in t reduction in all
physical parameters (8.06 +0.4, 24.6+3.2, and 32.7+4.0 for pH, temperature(°C), moisture content (%)
respectively), and 4.76x1.2 for ammonia volatilization. Alum had lethal effect (100%) against all
isolates with lower efficacy of 80% against Proteus species compared to calcium carbonate. litter
could pose a pathogenic risk for the environment and animal health. Regular usage of litter
amendments like alum is one of the indispensable management.

Keywords: poultry litter, physico-chemical parameters, bacterial pathogens, environmental
mitigation, Alum treatment.

operations make up the final result of the production
cycle [4]

Introduction

Poultry litter is a serious agricultural waste because
of the water, soil, and air pollutants (greenhouse
gases, unfortunate odour, emission of NHj, H,S,

The most popular bedding materials used
worldwide involve sawdust, pine wood shavings,

etc.) and the environmental issues that have arisen
from its storage and disposal. Additionally, the
poultry litter has higher levels of calcium (Ca),
phosphorus (P), nitrogen (N), and a variety of other
elements (including K, Mg, Fe, Cu, Zn, Mn, B, P,Os,
and K;O) [1] It is essential for absorbing fecal
moisture and for maintaining carcass quality because
it lowers the risk of footpad and breast lesions and
offers a warm, smooth, and spongy surface for the
birds' maximum comfort [2]. Typically, broiler
chicks are grown on the ground with different kinds
of litter [3]. Poultry excrement, water, feathers, spilt
feed, and bedding material utilized in poultry

chopped straw, peanut and nut hulls, rice hulls,
shredded paper, sand, and grasses like switch grass).
However, the availability of these materials used in
commercial poultry houses differs by region [5]
Frequently, the chicken litter comes into contact with
various surroundings, including soil, water, and
microorganisms. In many places, chickens' litter is
specifically reused for the subsequent flock after they
defecate, which may lead to cross-contamination.
There is a significant likelihood of bacterial
transmission due to the environment's numerous
points, which could cause infections to spread among
humans and animals [6]. Different bedding materials'
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physical and chemical characteristics have an impact
on NH; emissions and litter quality. As a result,
altering the bedding could be one way to cut NH; at
its source [7] In accordance with [8], the optimal
litter material should have a moisture content of 20—
25%, a pH of 8-10, and an ammonia content of no
more than 25 ppm. If the litter moisture content
increases, the pH, NH; concentration, and caking
level will also increase. Increased total ammonia
nitrogen (TAN) build up due to elevated moisture
levels in the litter might disrupt microbial
metabolism, which in turn can affect avian
productivity and welfare [9].

In poultry production systems, the quality of the
litter is a significant concern since it may serve as a
reservoir and a vehicle for the spread of infections, in
addition to having an impact on the productivity and
health of the flock [10]. Using poultry litter on
agricultural land can have a number of negative
effects on the environment. It acts as a conduit for
the spread of bacterial species with various antibiotic
resistance genes (ARGS) to the environment, despite
its function in enhancing soil fertility[11].
Broiler litter has been found to include enteric
infections[12], increasing the possibility of
horizontal transmission and pathogen carryover
effects between subsequent batches raised on the
recycled litter. As a result, the litter material used in
chicken houses needs to meet sanitary and hygienic
requirements as well as the allowable ammonia level
for the duration of the rearing period [13]

Ammonia emissions and the microbiological load
within chicken houses may be decreased by applying
litter amendments[14]. As a control measure,
amendments are used to lower the poultry litter's
moisture, pH, ammonia and microbial levels. Three
types of litter amendments are distinguished:
microbiological inhibitors, desiccants, and acidifiers
[15]. Acid amendments based on sulphate are used to
remove litter between chicken flocks and to reduce
ammonia indoors during grow-out. By changing
ammonia into non-volatile ammonium, these
amendments lower the pH of litter and prevent
ammonia volatilization [16]. Microbial populations
in the poultry litter were significantly impacted by
the addition of alum. The community of microbes in
poultry litter was significantly altered by
acidification; certain groups were less prevalent, and
others were more widespread [17]

Therefore, the study was aimed to determine the
physicochemical parameters (pH, temperature,
moisture content, ammonia-N, and nitrate-nitrogen)
and bacteriological characteristics (total coliform
count, E.coli, Klebsiella spp., Pseudomonas spp., and
Proteus spp.) of litter used throughout the production
cycle, as well as the efficiency of aluminium
ammonium sulphate NH,AI(SO,),.12H,0 (7%) and
calcium carbonate (10%) as a litter amendments
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on the physicochemical parameters and isolated
bacteriological pathogens

Material and Methods

Study location and period

The study was conducted in three broiler poultry
farms in the Beni-suef province, Egypt (coordinates:
29E04'N 31EO05'E), during the period from May to
September 2024. Ten thousand birds in each farm
were housed in two different semi-controlled
facilities on deep litter with a stocking rate of 10/m2.
Chopped straw with an average depth of 5 cm made
up the used litter, which was merely routinely
removed of its moist sections beneath water drinkers
without any kind of treatment. Water was available
from manual drinkers. At the final stage of the
production cycle, the used litter is disposed of by
either selling it, utilizing it as a soil amendment,
and/or reusing it untreated. Sanitary practices are fair
within the farms under investigation.

Litter sampling

Litter samples (n= 140) were gathered from fresh
bedding materials and then once a week during the
production cycle on days 0, 7, 14, 21, 28, 35, and 42
of the study. Using self-sealed plastic bags and sterile
gloves, representative litter samples were taken from
each pen from the four corners and the center
(around the feeders and drinkers). For additional
analysis, the collected litter samples were transported
in an ice box to the laboratory of Hygiene, Zoonoses
and Epidemiology department, Faculty of Veterinary
Medicine. Beni-Seuf University. For physico-
chemical and bacteriological analyses, each sample
was homogenized and separated into two portions in
sterile plastic bags in a completely aseptic laboratory.
[18]

Physico-chemical parameters of poultry litter
Litter pH

The pH of the litter was measured and recorded
using a pH meter (AD1030 Professional pH-ORP-
TEMP Bench Meter) after calibration with pH 4, 7,
and 10 buffers. Randomly selected litter samples from
the center and four corners of each pen were mixed
once a week; thereafter 20 g of the sample taken from
this mixture was mixed thoroughly with 30 mL of
distilled water in a sterile container and left for 30 min.
Thereafter used for measuring litter pH [19]

Litter moisture content and temperature

The moisture content of the litter was ascertained
by placing 10 g of each litter sample on tared
aluminium drying dishes and drying them in a drying
oven set at 100°C for 24 hours. Samples were taken
out of the oven, weighed, put back in for an hour,
and then weighed once again to be sure there had
been no more weight loss. Next, using the difference
between the sample's initial and final weights, litter
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moisture was computed [18]. The litter temperature
(°C) was measured once a week using a digital
thermometer (Testo 110, Alton Hampshire, UK) [20]

NH3-N emission

Using the micro-diffusion approach, litter NH3-N
emissions were ascertained as follows: The amount
of sulphuric acid used (A) was multiplied by its
normality and the molecular weight of ammonia to
calculate volatilised NH; (in mg/100 g of litter): NH3
= A x0.1x 17 [21]. A 500 mL cylindrical flask was
filled with 100 g of litter sample, levelled, and then
covered with a 50 mL beaker containing 10 mL of
2% (m/v) boric acid. The flask was then sealed and
incubated for 20 hours at 30°C.

Nitrate-nitrogen (NO3-N)

Nitrate-nitrogen (NO3z-N) was measured by
suspending 2.0 g of poultry litter in 100 mL of
distilled water, shaking it in a horizontal shaker for 5
minutes, and then letting it rest forl2 hours. The
quantities of nitrate were then obtained by distilling a
20 mL aliquot with 0.2 g of Devarda's alloy [22]

Isolation of litter bacterial pathogens

To isolate E.coli and Klebsiella spp., each sample
was inoculated independently into buffer peptone
water and cultured for 18 to 24 hours at 37°C in an
aerobic condition. Each sample's broth was streaked
onto a loopful of MacConkey's agar (HiMedia,
MHO081, India) and incubated for 18 to 24 hours at
37°C. The pure, distinct pink colonies were then
collected and cultivated on Eosin Methylene Blue
(HiMedia, M317, India) and incubated for 24 hours
at 37°C [23].All samples were cultivated in peptone
water (Oxoid) and incubated for 24 hours at 37°C to
isolate Salmonella spp. After that, it was streaked on
XLD agar (HiMedia, M031, India) and incubated for
another 24 hours at 37°C [24] after being inoculated
at a 1:10 ratio on Rappaport-Vassiliadis broth
(HiMedia, MH1491, India) and stored at 42+1°C for
24+2 hours. Additionally, Pseudomonas was isolated
by inoculating litter samples in nutritional broth and
then incubating them for 24 hours at 37°C. After
streaking a loopful of the broth over MacConkey
agar and Pseudomonas agar base, the mixture was
cultured for 24 hours at 37°C. A tryptic soy agar
plate was used to subculture the suspicious colonies
in order to observe the pigmentation [23, 25] To
determine the total coliform count (TCC), the
collected litter samples were diluted in 100 mL of
distilled water and then filtered through a membrane.
The membrane was then placed in incubator for 24
hours at 37°C using M-FC agar (EM Science,
Gibbstown, NJ) [26].

Identification of litter bacterial pathogens

The isolated litter pathogens were biochemically
confirmed wusing the Indole reaction, Citrate
Utilization test , Methyl red test , VVoges Proskauer

test and Triple Sugar Iron Agar) for suspected green
metallic colonies of E.coli and suspected pink with
black center colonies of Salmonella spp [23, 27],
respectively, as well as the urease test for Salmonella
spp identification [28].The oxidase test, colony and
cellular morphology, pigment synthesis, fruity odour
detection, and Gram staining were used to identify
Pseudomonas spp [23, 25]. To verify isolates, the
urease, methyl red, gelatin liquefaction, oxidase,
catalase, and arginine hydrolysis tests were used
[29]. After that, the pure culture of the isolated
organisms was inoculated in tryptone soy broth
(HiMedia, M011, India) and incubated for 24 hours
at 37°C before being stored in 80% sterile glycerin to
maintain the stock culture for the isolated bacteria.
For later usage, a bacterial culture and an equivalent
volume of 80% glycerin were combined, sealed with
paraffin wax, and kept in a refrigerator at 4°C [30]

Sensitivity pattern of litter bacterial pathogens to
litter amendments

According to[31], the sensitivity profile of 36
strains of bacterial pathogens isolated from poultry
litter to the litter amendments, including alum
[aluminum ammonium sulphate dodecahydrate
NH,AI(SO,),.12H,0 (Oxford,M.W.453.32)] at 7%
concentration and calcium carbonate (calcium
carbonate 85% (EGY-HOLLAND EGYPT®)) at
10% concentration, was evaluated using the agar
well diffusion assay. Each testing isolate's
suspension was made in accordance with the
McFarland standard (0.5). Distribute evenly a
volume of the bacterial inoculum across the whole
agar surface on the Muller Hinton agar medium.
After using a sterile well puncher to aseptically
punch a hole 5 mm in diameter, 50 pL of each tested
amendment (alum and calcium carbonate) were
added to individual wells on the agar surface.
Afterl8 to 24 hours of incubation at 37°C, the zone
of inhibition was measured in accordance with the
interpretation of the zone diameter. Bacterial isolates
were classified as susceptible and resistant based on
their sensitivity to the tested litter amendment.

Statistical analysis

All the data were collected, and prepared for
analysis using SPSS (Statistical Package for Social
Sciences Software, version 22). The Chi-Square test
(a non-parametric test) was used to analyze the
frequent distribution of isolated bacterial pathogens
from examined poultry litter throughout the
production cycle. The one-way ANOVA test was
used to determine the mean values (x SE) of
estimated physico-chemical parameters as well as
total coliform count (TCC x10%) in the examined
poultry litter throughout the production cycle.

Results

The results illustrated in Table (1) the mean
values (x) SE of estimated phsico-chemical
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parameters of examined poultry litter throughout the
production cycle showed significant increase in all
physico-chemical parameters of the litter toward the
end of the production cycle comparing it to the start
of the cycle regarding pH that increases from
7.08+£0.06 at zero day of the production cycle to
8.0+1.3 at 42 day of the cycle (mean 7.5+0.92) at P-
value < 0.5. Mean value of temperature
27.23°C+2.02 where it increases from 20.6°C+1.2 at
zero day of the cycle to 30.54°c +2.8 (P <0.04).
Referring to moisture content (mean 42.45+2.8)
increased from 25.0% 1.8 at the start to 60.13%=
3.8 at the end of the cycle (P < 0.02), meanwhile
mean content of the ammonia nitrogen NH;-N
2.95+0.39 it showed an increase from 0.18g/kg-1
+0.03 at zero day to 6.80g/kg-1+1.1 at 42 day of the
production cycle (P < 0.05), while nitrates nitrogen
increased from 1.84g/kg-1+0.02 at the start of the
cycle to 29.75g/kg-1+at the end of the production
cycle (P <0.01).

The aforementioned results in Table (2) frequent
distribution of isolated bacterial pathogens from
poultry litter throughout the study period revealed
that out of 140 litter sample 117(83.57%) were
positive for bacteriological isolation and the most
predominant bacterial isolate was Proteus spp.
(32.47%) followed by E.coli and Klebseilla spp.
(23.07 and 22.22%, respectively). Surprisingly and
unexpectedly the least bacterial isolates to be
recovered were pseudomonas spp. followed by
Salmonella spp. (3.41 and 1.7%, respectively).
Generally, isolation rates significantly increase
toward the end of production cycle at P <0.05. Mixed
infection was detected at 17.09% of the obtained
isolates that refers to two or more bacterial pathogens
were recovered from the same sample.

Referring to the mean values +SE of total
coliform count (TCCx10%) in the examined poultry
litter throughout the production cycle (Table 3) it
was noticed that there was a significant increase in
TCC throughout the cycle ranging from less than 10
x10° at the beginning of the cycle to 23.28x10%+3.1
in the end of the production at P value < 0.02.

Regarding Table (4) in vitro evaluation of the
effectiveness of adding alum (7%) and calcium
carbonate (10%) on physicochemical parameters of
litter results showed that at the end of the cycle at
42" day all physicochemical parameters were to
some extent elevated especially with no treatment of
any kind to the litter throughout the cycle and this is
probably due to the bacterial action on the organic
matter in the litter that break down into ammonia
which raise pH, temp. and nitrogen content ( pH
8.0+12, temp. 30.54+2.6°c, moisture content
60.13+£3.8%, NH3-N 6.80+1.1and NO3N 29.75+6.1,
respectively ). But when treating the litter with alum
(7%) results showed a significant decrease in some
of the parameters including temp 28.6+1.2°c at P
value < 0.05, moisture content 36.7+ 2.8% (P value <
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0.03), NH3-N 3.06+1.2 at P value < 0.4 and NO3N
14.85+1.4 (P value < 0.02), suggesting the
improvement of litter characteristics and increasing
its value as a soil amendment. On the other hand,
addition of 10% calcium carbonate also lower some
of the estimated physicochemical parameters but to
lesser degree than alum 7% including temp.,
moisture content, NHs;-N and NO;-N (28.0+1.8,
47.1+1.7,6.43+1.6 and 27.83£1.7, respectively).

Referring to the results in (Table 5) concerned
with evaluating the efficacy of alum (7%) and
calcium carbonate (10%) on total coliform count and
isolated bacterial pathogens, there was a high
isolation rate before the treatment where total coli-
form at 42" of production cycle was 6.290+0.359
also E.coil, Klebseilla spp, Proteus spp. and
Pseudomonas spp. were recovered from litter
samples. Meanwhile treatment of the litter with alum
(7%) had nearly bactericidal effect (100%) on all
recovered pathogens except for Proteus spp. (80%)
also significantly lowered TCC to 2.097+0.041.
Calcium carbonate to some extent reduced TCC
(5.255+0.098) but all isolated pathogens showed
complete resistance to it (100%).

Discussion

The results in Table (1) are to much extent in
harmony that could be explained as a result of
increase of moisture content of the litter, it leads to
increase in litter pH and volatilization of NH3-N to
ammonia gas emission into the environment and
decreased nitrogen content of the litter, which
provides a favorable media for the microbial growth
in the litter and elevates litter’s temp. [32] These
results are variable compared to those obtained by
[33] who detected that pH 8.43+0.057 which is
significantly affected by the type of diet the poultry
are fed, while litter moisture content are much lower
than the results in this study (5.41 and 42.15%). Also
nitrogen content in the litter is much higher than the
results obtained in this study without differentiation
between ammonia and nitrates nitrogen (ranged
between 4.5 and 36.6). These results were slightly
higher than those reported by [34] that recorded
moisture content in poultry litter 1 and 2 were (39.1
and 30.2%, respectively), meanwhile pH recorded by
him (PL1 8.86 and PL2 8.49, respectively) were
higher than those recorded in this study. Also
ammonia nitrogen was variable to that obtained in
this study (6.12+0.14 for PL1 andl1.84+0.02 for
PL2). Results of moisture content in the litter were in
agreement to those recorded by [35] who recorded
moisture content 44 to 47.7%, meanwhile the results
recorded by [36] were greater than thoses obtained
by this study (54, 78.2% , respectively).

On the contrary to the results obtained in this
study in Table (2) , [37] revealed that the highest
isolation was Salmonella followed by Enterococcus
and E.coli . As well and unlike this study [38]
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reported 38 sample out 44 ones were positive for
bacteriological isolation and the main recovered
bacterial pathogen were E.coli 24 (46%) followed by
S. aureus 10 (19%), CNS 7 (135 %),
Enterobacteraerogenes  3(5.8%),  Enterobacter
cloacae 2 (4%), Serratia spp., 2(4%) and others
4(7.7%). But similar to our finding [38] were not
able to isolate Salmonella at any percentage which
might be attribted to the dominance of coliforms that
can grow over Salmonella spp. and hinder their
growth [39].

Referring to in-vitro evaluation of the
effectiveness of adding alum (7%) and calcium
carbonate (10%) on physicochemical parameters,
[44] proved that daily ammonia emission was
reduced by 42% in treated house while the overall
ammonia emission was reduced by 47% also proved
that alum addition has a role in reducing CO,
emission and increasing N content of the litter.
Conversely [45] recorded decreased pH of the litter
in groups treated with alum where control group
(8.82£0.01), group T1 (8.60+0.03) & group T3
(8.47+0.02) and the least pH of litter material was of
T2 group (8.34£0.17). Similarly, [44] showed
significant decrease in moisture content of litter
treated with alum (T1 34.13+0.57, T2 31.90+0.06,
T3 28.27+0.18) compared to control group (35.79 +
0.32). In contrast [46] found that addition of alum
significantly decreased pH of the litter additional
NH4+-N contents followed by increase in NH,+-N
contents with the gradual decrease of litter’s
pH.[47]reported that ammonia emission from swine
manure treated with alum (2.5%) was decreased by
84% during 18 days of composting. Inversely
[48]proved that addition of calcium carbonate
reduced the moisture content of the litter due to its
hygroscopic nature. Although pH value in this study
did not decrease but the alum treatment still had
nearly 100% bactericidal effect this might be
attributed to the direct effect of alum and its ability to
deteriorate bacterial cell wall rather than providing
unfavourable condition to their growth when shifting
litter pH into acidic [49]

Concerning Table (5) [50]recorded that litter
acidifiers significantly reduce gram positive bacteria
as Clostridium perfringens, Enterococcus spp., and
Lactobacillus spp. Unlike the results recorded in this
study [51]proved that alum treatment reduced total
bacterial counts (50%) and urease producing bacteria
(90%) in 4 weeks that might be referred to low pH

that inhibit the growth of bacteria in the litter. [17]
mentioned that alum treatment for one month
reduced E.coli and Campylobacter jejuni to 3 log and
2 log, respectively, meanwhile Salmonella spp were
not detectable throughout the study. [49] recorded
that E.coli was sensetive (50%) to alum (1 and 2%)
concentration meanwhile S. aureus was 100%
resistant to alum (1%) and 50% resistant to alum
(2%). [52] proved that alum had antibacterial
efficacy against gram negative bacteria more than
gram positive ones as E. coli (20 mm) and
Pseudomonas aeruginosa (21mm). [53] proved that
Alum had bactericidal effect on Campylobacter spp.
that is reduced with time through the production
cycle. Reciprocally [54,55] and [48]proved that
adding calcium carbonate to the litter improve
quality and lowering its microbial load the
subsequently improve broiler performance.

Conclusion

Since poultry litter considers an important soil
amendment that plays an important role in
environmental contamination with serious pathogens
such as E. coli, Proteus spp., Klebseilla and
Salmonella that can find their way to human food
chain. Therefore, it became a necessity to control
these pathogens and increasing the value of litter as a
soil amendment. By Proper management of poultry
litter through adding alum (7%) before disposal is
indispensable  to  mitigate  these  negative
environmental and health impacts.
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TABLE 1. The mean values (+ SE) of estimated physico-chemical parameters of examined poultry litter throughout
the production cycle.

Parameters pH Temperatue Moisture NH>—-N NO;N
Age/day (°C) (%) (g Kg-1,wb) (mg Kg-1,wb)

0 7.08+0.06  20.6+1.2° 25.0+1.8% 0.18+0.03 1.84+0.02%
7 7.2640.7  24.92+1.7 29.742.1 0.28+0.07% 3.80.05
14 7.3+0.9 26.71+1.8 36.842.6° 1.36+0.11 14.0+2.1°
21 7.48+1.1  28.62+2.1% 40.8+2.8 1.78+0.41° 23.64+4.9°
28 7.6+1.2 29.18+2.0 48.7+3.1 4.16+0.06 25.1615.8
35 7.8+1.2 30.08+2.6 56.03+3.1 6.12+1.0 26.775.6
42 8.0+1.3 30.54+2.8 60.13+3.8 6.80+1.1% 29.7546.1°

Mean +SE 75+0.92  27.23+2.02° 42.45+2.8 2.95+0.39 17.85+3.5

P-value 0.5 0.04 0.02 0.05 0.01

TABLE 2. Frequent distribution of isolated bacterial pathogens from examined poultry litter throughout the
production cycle.

Total

DO Bammes men g o e Poes b
0 20 4(20.0) 0.0 0.0 0.0 2(50.0) 2(500) 0.0
7 20 13(65.0)  1(7.69) 0.0 0.0 4(30.76) 7(53.8)  1(7.69)
14 20 20(100.0) 3(15) 0.0 1(5.0) 5(25.0) 7(35.0)  4(20.0)
21 20 20(100.0)  5(25) 0.0 1(5.0) 4(20.0) 6(30.0)  4(20.0)
28 20 20(100.0)  5(25) 0.0 0.0 3(15.0) 7(35.0)  5(25.0)
35 20 20(100.0)  6(30.0)  1(5.0) 1(5.0) 4(20.0) 5(25.0)  3(15.0)
42 20 20(100.0)  7(350)  1(5.0) 1(5.0) 4(20.0) 4(200)  3(15.0)

MeanSE 140 117(8357) 27(23.07) 2(1.70) 4(3.41) 26(22.22)  38(3247)  20(17.09)

P-value 0.05

TABLE 3. Mean values (+SE) of total coliform count (TCC x10°) in the examined poultry litter throughout the
production cycle.

Total Coliform count Log (CFU/ml)
Age/ days (Mean + SE)
<10
7 2.06+0.8%
14 3.7+1.1
21 5.9242.0°
28 11.48+2.10°
35 20.80+2.8
42 23.28+3.1 2
P-value 0.03

TABLE 4. In vitro evaluation of the effectiveness of adding alum (7%) and calcium carbonate (10%6) on
physicochemical parameters of litter.
Parameters pH Temperature Moisture content NH3-N NO3-N
estimated (°C) (%) (g Kg-1,wb) (mg Kg-1, wb)

Poultry Litter

(Soon before disposal) 8.0£12 30.54+2.6 60. 3+3.8% 6.80+1.1 29.75+6.1°
No treatment

After treatment with

Alum treatment (7%) 8.06 0.4 28.6x1.2 36.7+2.8% 3.06+1.2 14.85+1.4°
Calcium carbonate (10%) 8.32+0.6 28.0+1.8 471+ 1.7° 6.43+1.6 27.83+1.7°
P-value 0.7 0.5 0.03 0.6 0.05
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TABLE 5. In-vitro evaluating the efficacy of alum (7%6) and calcium carbonate (10%) on total coliform count and
litter bacterial isolates in examined poultry farms.
Tested bacterial isolates E. coli Pseudomonas Klebsiella Proteus Log TCC
spp. spp spp (CFU/mI)
Poultry Litter (n=12) (n=4) (n=10) (n=10)
(Soon before disposal) +ve +ve +ve +ve 6.290+0.359
No treatment
After treatment with S R S R S R S R
Alum treatment (7%) 12(100) 0.0 10(100) 0.0 8(80)  2(20) 10(100) 0.0 2.097+0.041
Calcium carbonate (10%) 00  12(100) 0.0  10(100) 0.0 10(100) 0.0 10(100)  5.255+0.098
P-value > 0.05
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