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Abstract

Introduction: Poultry litter is composed of bedding material, excreta, feed, feathers and water. It is
currently accepted that litter quality can add to environmental and management problems in the
commercial poultry industry. Several studies are available on the impact of litter material or quality on
the intestinal health immunity of poultry, but often they focus on particular pathogens, potentially
detrimental to humans or other livestock, or on imposed limitations to broilers performance. Aim: This
study aimed to assess whether the type of bedding materials (sand, wood shaving, and paper) or
chemical amendments (lime and bentonite vs. controls) affect blood parameters and immunity of
broiler chickens. Materials and methods: Two hundred and seventy male Ross broiler chickens were
randomly assigned into nine treatment groups with three replicates per each treatment (a total of 30
birds per each treatment). A completely randomized 3 x 3 design was used, with the main effects of
bedding materials/subtracts (sand, wood shaving, or paper) and amendments (no amendment (control),
bentonite, or lime), in three replicate pens of 10 chicks each, in a total of 27 experimental units.
Starting at day one, groups were created according to the combination of beddings and amendments, as
follows: Group 1 (Grp 1) - control sand bedding; Group 2 (Grp 2) - sand bedding treated with
Bentonite; Group 3 (Grp 3) - sand bedding treated with lime; Group 4 (Grp 4) - control wood shaving
bedding; Group 5 (Grp 5) - wood shaving bedding treated with Bentonite; Group 6 (Grp 6) - wood
shaving treated with lime; Group 7 (Grp 7) - control paper bedding; Group 8 (Grp 8) - paper bedding
treated with Bentonite; and Group 9 (Grp 9) - paper treated with lime. Results: The results showed that
different bedding materials (sand, wood shavings, and paper) had not effect on most analyzed traits;
though, we detected a small significant increase in the influenza antibody titres at day 36 (P < 0.05) in
sand reared groups, and an increase in the total immunoglobulins (lg) titres (due to increased IgM) on
14 days after challenged with sheep red blood cells (P < 0.05). Treatment of the bedding material with
Bentonite or lime mainly affected the humoral immunity traits assessed herein. Lime treatments
slightly increased the antibody titres for Influenza at the first challenge, but did not affect them on the
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second challenge. In contrast, no treatments increased total Ig titres (due to an increase in IgM) at day
38. The comparison of the nine groups (bedding type x amendment) indicated small differences in
particular blood parameters and the humoral immunity traits. Conclusion: Although, no deleterious
effects were found on broilers, the results suggested that different litter materials with distinct

amendments may affect the final quality of carcasses.

Keywords: Bedding material; Broilers; Chemical supplementation/treatment; Immune system; Litter

quality; Microbiota

Introduction

The broiler industry uses genetically improved
birds with rapid juvenile growth, breast-meat
yield and increased efficiency of feed utilization
(Klasing 2007; Dawkins and Layton 2012).
However, this improvement in performance is
accompanied with an increased susceptibility of
birds to environmental stressors (Klasing 2007;
Dawkins and Layton 2012).

For birds reared in confinement, pen-litter may
become an important environmental stressor
because high moisture and poor sanitary
conditions, may interfere with bird health and
productivity. Ideally, bedding material should be
very absorbent, have a reasonable drying time
and must be innocuous to poultry or farmers
(Bilgili et al. 2006; Grimes et al. 2007; Bjedov
et al. 2013; Garcés et al. 2013), but it also needs
to meet hygienic requirements and control
ammonia  concentrations  throughout the
productive cycle (Karamanlis et al. 2008;
Villagra et al. 2011; Skrbic et al. 2012; Bjedov
et al. 2013).

litter is composed of bedding material mixed
with excreta, feed, feathers and water. It is
currently accepted that poor litter quality may
cause environmental and management problems
in the commercial poultry industry (Karamanlis
et al. 2008; Garcia et al. 2012, Sohirat Torfy et
al. 2017) if not correctly managed. Poor growth
performance, compromised immune system and
increased incidence of breast burns and blisters,
leg abnormalities, and footpad dermatitis have
been reported in the literature partially due to
poor litter conditions (Bilgili et al. 1999; Garcia
et al. 2012). Several studies are available on the
impact of litter material or quality on the

intestinal health and immunity in poultry
(Garrido et al. 2004; Torok et al. 2009), but
often they focus on particular pathogens,
potentially detrimental effects to humans or
other livestock (Monira et al. 2002; Macklin and
Krehling, 2010), or on imposed limitations to
broilers performance (Huang et al. 2009; Bjedov
et al. 2013).

Many different materials, varying according to
regional availability (Swain and Sundaram
2000; Monira et al. 2003; Torok et al. 2009;
Skrbic et al. 2012), are used for poultry bedding
in intensive commercial broiler production,
resulting in differences in its physical and
microbiological characteristics. Thus, the source
of bedding can determine the need for specific
amendments to improve its quality. Poultry litter
maybe a potential reservoir and transmission
vehicle for pathogenic bacteria. Diverse
treatments or amendments have been proposed
to minimize the risk of pathogens in letter
during the productive cycle (Ilvanov 2001; Line
2002; Garrido et al. 2004; Choi et al. 2008,
Taherparvar et al. 2016). However, limited
information is available on the effect of litter
amendments on blood variables or immunity in
broliers. Therefore, the present study aimed to
compare the effects of two alternative
amendments (Lime and Bentonite) applied over
three different bedding materials (sand, wood
shaving and paper) on the haematology
parameters and immunity of broilers reared in an
intensive 42 daycycle.

Materials and methods
This study was conduct in August-September
2013, at a commercial poultry farm at Abkenar
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(37° 27" North, 49° 19' East, -26 m below sea
level) and at the Laboratory of Nutrition and
Dairy Industry from the Agriculture Faculty of
Islamic Azad University, Rasht Branch, Iran.
The study was approved by the Ethic Committee
of the Islamic Azad University, and was
conducted in respect to the International
Guidelines for research involving animals
(Directive 2010/63/EU); care was taken to
minimize the number of animals used.

Animals and housing

In this study, a total of 270 male Ross 308
broiler chicks were randomly distributed into
nine treatments, with three replicates per
treatment, in a total of 30 birds per treatment.
The one-day-old chicks were purchased from a
local hatchery and randomly assigned into
groups with similar mean body weights. Chicks
were reared until the age of 42 days. The
animals were housed in 1.5 x 1.5 m cages.

All broilers had a common environment except
for the litter beddings. Thermo-neutral ambient
temperature was maintained in accordance to
standard brooding practices and adapted to the
birds rearing stages (Aviagen 2009). Lighting
was provided 24 h on the first day and
thereafter, 23 h/day with one hour of darkness
from 19 to 20 pm.

Broiler chickens received feed and water ad
libitum throughout the trial. Broilers were
unable to feed from adjoining cages. Formula
and chemical composition of experimental diets
are present in Tables 1 and 2. Routine
vaccination and deworming was designed by the
farm veterinarian and coped with regional
veterinary authority.

Vaccination was made against infectious
bronchitis (Infectious Bronchitis Virus (IBV,
H120); Razi Co, Iran) at days 1 and 14, and a
Gamboro vaccination (Gamboro IBDO71IR;
Razi Co, Iran) was administered at days 8, 16
and 23.

Experimental design

A completely randomized design with a 3 x 3
factorial arrangement of treatments was used,
with three types of bedding materials/subtracts

(sand, wood shaving, and paper) and three
amendment treatments (no amendment or
control, Bentonite and Lime), in three replicate
pens of 10 chicks each, resulting in a total of 27
experimental units.

Commencing from day one, the following
groups were created by combination of bedding
and amendments, as follows:

Group 1 (Grp 1)-Control sand bedding;

Group 2 (Grp 2)-Sand bedding treated with
Bentonite;

Group 3 (Grp 3)-Sand bedding treated with
lime;

Group 4 (Grp 4)-Control wood shaving bedding;
Group 5 (Grp 5)-Wood shaving bedding treated
with Bentonite;

Group 6 (Grp 6)-Wood shaving treated with
lime;

Group 7 (Grp 7)-Control paper bedding;

Group 8 (Grp 8)-Paper bedding treated with
Bentonite;

Group 9 (Grp 9)-Paper treated with lime.
Bentonite was used at three kg/m® and lime was
used at 1.5 kg/m® based on Taherparvar et al.
(2016).

Measurements of broiler blood metabolites
and hepatic enzymes

At the end of the experiment (42 days), one bird
from each replicate pen, to total of three birds
for each experimental group, was randomly
selected for blood sampling.

Prior to blood collection and slaughter, feed was
removed from all the birds for a period of four
hours in order to stabilize the plasma
constituents. Further, all blood sampling was
done in the morning to avoid the diurnal
variability of the blood parameters to be
measured. Care was taken to choose the most
representative male birds with respect to body
weight compared to the group mean body
weight.

Blood samples (~5 mL/bird) were collected
from the wing vein (Vena cutanea ulnaris) into
tubes coated with 10 mg of the anticoagulant
ethylenediamine tetra acetic acid (EDTA) for
plasma separation, and transferred to the
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laboratory for analysis within two hours of
collection. Plasma was harvested after
centrifugation (3000 g, for 10 min at room
temperature) and stored at -20°C until analyzing.
Blood parameters analyzed in this study
included: cholesterol (Chol), triglycerides (TG),
very low-density lipoprotein (VLDL), high
density lipoprotein  (HDL), low density
lipoprotein (LDL), HDL/LDL ratios, total
protein, uric acid (UAc), albumin (Alb),
Globulin (Glob), aspartate aminotransferase

(AST) and alanine aminotransferase (ALT).
Plasma blood parameters were analyzed using a
Roche Cobas Integra autoanalyzer (Roche
Diagnostics, GmbH, Mannheim, Germany),
based in standard protocols using commercial
kits from Pars Azmoon (Pars Azmoon Co.,
Tehran, Iran), according to the manufacturer's
instructions, as described elsewhere
(Nahavandinejad et al. 2014; Shabani et al.
2015).

Table 1- Diet ingredients fed to broilers

Age periods (days)

Ingredients (g/kg) 1-7 8-15 16-23 24-35 36-42
Corn 454.9 510.5 500.5 460 436
Wheat 90 100 140 190 255
Soybean meal 385 330 307 298 264
Soybean oil 20 20 20 20 20
Sodium bicarbonate

(NaHCO3) 1.2 1.4 1.4 2 1.5
Ca%22P%18 23 10 10 6 6
Oyster powder 12 - - - -
NaCl 2.3 2 1.8 2 1.7
Mineral Mixture! 2.5 - - 2.5 2
Vitamin Mixture? 25 2.9 2.5 2.5 2
DL-Methionine 2.6 3.1 2 2.2 1
L-Lysine-Hydro-Chloride 2 2 2 0.5 0.5
Threonine 0.9 0.5 0.5 - -
CaCO3 - 15 12 12 10
Coccidiostat Salinomycin 0.5 0.5 - - -
Multi-enzyme 0.5 - - - -
Avizyme enzyme - 0.5 0.5 0.5 -
Physasyme enzyme - 0.1 0.1 0.1 0.1
Turmeric (Curcuma longa) - 1.5 - 1.5 -
Probiotics (Technomos) 0.5 - - - -
Anti fungus toxin binder 0.5 0.5 0.2 0.2 0.2
Total 1000 1000 1000 1000 1000

! Calcium Pantothenate: 4 mg/g; Niacin: 15 mg/g; Vitamin B6: 13 mg/g; Cu: 3 mg/g; Zn: 15 mg/g; Mn: 20 mg/g;

Fe: 10 mg/g; K: 0.3 mg/g

2 Vitamin A: 5000 IU/g; Vitamin D3: 500 1U/g; Vitamin E: 3 mg/g; Vitamin K3: 1.5 mg/g; Vitamin B2: 1 mg/g
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Table 2- Calculated concentrations of nutrient in diets fed to broilers for the different rearing

periods
Age periods (days)

1-7 8-15 16-23 24-35  36-42
Dry Matter (%) 85.470 86.390 86.760 87.040 87.249
Energy (ME) (kcal/kg) 2.924 3.058 3.096 3.100 3.145
Crude Protein (%) 22.091 19.573 18.939 18.727 17.794
Crude Fiber (%) 2.712 2.649 2.633 2.630 2.601
Ether Extract (%) 4.274 4.458 4.473 4407  4.405
Choline (g/kg) 1.650 1.582 1.521 1526  1.445
Linoleic Acid (%) 2.222 2.333 2.325 2.263  2.235
Folic acid (mg/kg) 2.153 2.070 1.911 1.883  1.667

Amino acids (%)
Leucine 1.977 1.838 1.780 1753  1.663
Phenylalanine 1.137 1.037 1.008 1.007  0.964
Arginine 1.564 1.400 1.340 1322 1.232
Lysine 1.442 1.298 1.244 1.115 1.034
Valine 1.092 1.000 0.970 0.965 0.921
Iso-Leucine 0.999 0.906 0.877 0.875 0.834
Tyrosine 0.925 0.840 0.809 0.801  0.755
Threonine 0.884 0.802 0.771 0.761 0.714
Methionine 0.613 0.636 0.518 0.564  0.402
Tryptophan 0.328 0.293 0.282 0.282  0.267
Gly + Ser 2.567 2.317 2.237 2.226  2.109
Phen + Tyr 2.062 1.877 1.817 1.808 1.720
Met+Cys 0.995 0.991 0.866 0910 0.737
lons (%0)
Calcium 1.064 0.888 0.769 0.684  0.601
Available Phosphorus  0.148 0.141 0.139 0.138  0.135
Sodium 0.118 0.103 0.096 0.104  0.094
Potassium 0.957 0.867 0.835 0.827  0.780
Chloride 0.219 0.201 0.189 0.173  0.155
Measurements of broiler immune were administered on days 1, 8, and 19,
competency respectively.

Immunization program and challenge

To study the humoral immune competence in

treated groups, the following challenge tests

were performed on three birds/pen:

a) Response to the Newcastle lentogenic
vaccine was assessed in blood sampled twice,
at days 15 and 26; commercial lyophilized
vaccines (Razi Co, Iran), prepared with the
strains Hitchner B1, La Sota and Clon 30,

b) Response to the Influenza vaccine (Avian

Influenza-

HION2-

Razi Co, Iran)

administered at day 8 was assessed in blood
sampled at 21 and 28 after the first
administration (i.e., 29th and 36th days of

age).

c) Response to sheep red blood cell (SRBC)
inoculation - The antigenic challenge with
SRBC was performed twice, at days 13 and
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24, and blood sampling was performed at
days 22 and 38 for assessment of total
antibody, 1gG and IgM production. One half
millilitre of a 10% suspension of SRBC in
sterile  PBS (phosphate buffered saline
solution; v/v) was inoculated under skin of
the breast. In each replicate, only two birds
were inoculated and tested. In these birds a
pre-immune blood sample was collected
based on Pourhossein et al. (2015).
For the assessment of the immune parameters,
blood samples (two ml) were collected from the
wing vein on the pre-scheduled days. The
samples were centrifuged at 1,500 rpm for 10
min and the serum harvested and stored at -20 C
until analysis.
Haemagglutination inhibition (HI) assays were
used to determine the vaccine titres of
Newcastle disease (ND) and avian influenza
(Al), following the procedure described in
previous work (Seidavi et al. 2014; Ebrahimi et
al. 2015). The total antibodies or the
immunoglobulin titers were expressed as log 2.
Total antibody titers to SRBC were determined
by hemagglutination assay in serum from birds.
In U-bottom microtiter plates, two-fold serial
dilutions of heat-inactivated (at 56°C) serum
were made with PBS (0.01 mol/L; pH 7.4) for
total antibody, or PBS with 1.4% 2-
mercaptoethanol for immunoglobulin G (IgG)
antibody. All antibody titers were recorded as
log2 of the highest dilution of serum that
agglutinated an equal volume of a 0.5% SRBC
suspension in PBS. The IgM titer was
determined by the difference between total and
IgG titer (Pourhossein et al. 2015).
Lymphoid organs and liver weight
After four hours of fasting, one bird per each
replicate, aged of 42 days, for a total of three
broilers per group, was chosen and slaughtered
to collect the main lymphoid organs (thymus,
spleen and bursa of Fabricius) and liver. Care
was taken to choose the most representative
male birds, presenting a live body weight similar
to the mean live body weight of their cohorts.
Birds were fully plucked by dry pecking

method; the post-slaughter weight was recorded
and used to estimate the relative organ weight.
The thymus (all the lobes), liver, spleen and
bursa of Fabricius were immediately removed,
stripped of adherent connective tissue, and
individually weighed in an electric balance.
Relative organ weights were calculated as
percentage of live body weight.

Statistical analysis

Results are presented as means + standard error
of the mean. Shapiro-Wilks test confirmed the
normal distribution of data, which was then
analyzed using a 3x3 factorial arrangement with
three litter treatments (sand, wood shaving and
paper) and three chemical reagent treatments (no
reagent/control, Lime and Bentonite). The
significance of the differences among group
means was analyzed using the ANOVA
procedure, followed by a Tukey’s post hoc test
to separate means, using IBM SPSS Statistics 21
software for Windows®. An a-value of 0.05 was
used to assess significance among means. P
values < 0.05 were regarded as statistically
significant.

Results

The results obtained in this study are reported in
Tables 3 to 5. Overall, we found that the type of
bedding material used had no effect on plasma
metabolites (Table 3), except for the HDL/LDL
ratio (P=0.023), which were higher in broilers
reared on paper bedding. Similarly, the chemical
amendments had little effect on the measured
metabolites or enzymes (Table 3).
Concentrations of hepatic enzymes were slightly
decreased in the groups with bedding treated
with Lime (P=0.068 for AST and P=0.068 for
ALT), in line with a tendency for a decrease in
the absolute liver weight (P=0.055, Table 5) in
the same groups.

We also found that litter treatments influenced
the concentration of several blood metabolites,
namely the total cholesterol, the triglycerides
and VLDL (P=0.040, P=0.036 and P=0.036,
respectively) or the uric acid (P=0.008), as well
as the hepatic enzymes AST (p<0.001) and ALT
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(P=0.035). The major differences found for uric
acid blood concentration were represented by
Grp 2, which showed the highest values, and
groups 3 and 6 that showed the lowest (Table 3).
On respect to the total cholesterol, the extreme
values represented the groups 8 and 9
(122.33+9.76 mg/mL and 96.33+£5.82 mg/mL,
respectively; Table 3).

The type of material used for bedding influenced
the Influenza titres at day 36 (P=0.020), and
there was a tendency was observed regarding the
Newcastle titres at day 26 (P=0.068). In
addition, the bedding material also affected the
total antibody production at day 38 after the
SRBC-stimulation (P=0.033) mainly due to
differences in IgM (P=0.010), which were
increased in wood shaving bedding groups
compared to those on sand or paper beddings
(Table 4). In contrast, chemical amendments
influenced a larger number of immune
parameters in the current study, namely the
Influenza and Newcastle vaccine titres on day
15 (P=0.007 and P=0.001, respectively)
although the differences were attenuated at the
time of the second testing, at day 26 (Table 4).
The differences were due to higher titres in the
Lime treated litters. Similarly, differences were
found for the SRBC-stimulated total antibody
and IgM production (P=0.012 and P=0.004,
respectively), which were increased seven days
after the second challenge in groups whose litter
has been treated with Bentonite. In contrast, at
day 14 after the second challenge, the
differences observed in total immunoglobulins
(P=0.005) and IgM (P=0.012) were associated to
control treatments (Table 4).

Differences among treatments were also
detected in the immune parameters analyzed.
The Influenza and Newcastle vaccine titres
differed among groups either at day 29 and 36
(P=0.040 and P=0.051 vs. P=0.001 and P=0.002,
respectively for Influenza and Newcastle tested
on the first and second times; Table 4). A group
effect was found in the amount of IgM on both
tested times (P=0.006 and P=0.003, respectively
at days 22 and 38; Table 4).

The bedding materials used in this experiment
did not influence the absolute or relative weight
of the main immune organs. However, the
chemical amendment affected only the absolute
and relative spleen weight (P=0.004 and
P=0.001, respectively), with a decrease in the
weight of the spleen in birds reared in litters
treated with Lime, despite the tendency found
for a slight increase in the absolute liver weight
litters non-treated (P=0.055; Table 5).
Treatments affected the absolute liver weight
(P=0.028) and both the absolute and relative
spleen  weight (P=0.009 and P=0.001,
respectively), (Table 5). The liver weight was
the highest in birds from Grp 4, but they were
the lowest in Grp 2 and 3 (Table 5). The
absolute spleen weight was the highest in Grp 8
broilers, compared to birds in Grp 3 that had the
lowest spleen weight (Table 5). Bursa of
Fabricius weight, the highest values were found
in Grp 2 and the lowest value was in Grp 4
(Table 5).
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Table 3- Blood metabolite mean (tSEM) of Ross 308 broilers reared under different types of bedding (sand, wood shavings and
paper) and bedding amendments (ho amendment - controls, Bentonite and lime).

Parameters TOtaznf;‘c’j'fjtem' Trzﬂ%fgf;’es (\nﬂ;/Ddt) HDL (mg/dL) LDL (mg/dL) HDRSII'_ODL T"% /E[‘;te'“ A(';‘(‘j“c)'“ Lér'n'; /ﬁﬁ')d Globulin(g/dL) ~ AST (UL)  ALT (UIL)
sand 111.44£3.03 55.11%5.73 11114116 66.89t1.67 3344196 0501003 3544068  158£0.03  4.98+047 1.9620.03 36022¢2327  9.8920.68
Bedding !ﬁ‘\’/‘i’ngs 112.7842.50 74.1148.49 14.80+1.65 60224229 20114234  043t0.046° 361009  1.60+0.04  4.89+0.34 2.0140.04 33311#17.10  9.77+0.69
paper 110.667+4.85 69.22+6.98 13804139  6233+322  37.44+234  063t007° 3614009  158:0.04 4724029 2.06+0.04 362.33:2528  9.89+0.80
P-value 0.916 0.160 0.159 0.146 0.100 0.023 0.806 0.886 0.891 0.392 0.585 0.585
Controls 109.8893.15 77.5626.65 15564167  G478£175 3044214 0471003 349006  156:0036 493029  1067:0.036  39244%2503  11.3320.76
Amendments Bentonite 118.111+4.07 57.33+6.17 1156+1.31  67.56:2.74 3856357  0.60£0.07  3.63t011 161005  540:040  2.022+0.05 3384412354  9.1140.62
Lime 106.889+2.94 63.56+8.39 12784121  66.11#3.01  31.00+1.98 0494005  3.644007 159002  4.26:0.37  2.056+0.02 3247841212 9.11%0.65
P-value 0.065 0.132 0.132 0.746 0.064 0.150 0.328 0.083 0.574 0.473 0.068 0.068
Gp1 103333£4.36®  57.33+10.92°  1167:223° 61674232 3000443  048+006 3572042 157004 427#053® 200004  340+67£19.10® 10.33+0.02 %
Gip2 1123334347®  4867+10.36°  9.67+201"  66.0042.85 36.67+257  056:0.04  347:017  160+0.06  6.73t0.80°  1867+0.06  447.33:4305% 12.00+0.97°
G 3 11866746.24®  59.33+077°  12004203° 73.00+132  3367+2.93  046:0.05 36:012  157:0.02  3.93+061°  2033:0.02  29267+2825®  7.33+0.84°
Grp4 113.000£554®  98.33+12.66°  19.674243° 70.67:0.92 2533092 036011 3374011 1504010 560£0.19® 186010  380.67+4381% 11.33+152°
Treatments  Grp5 1106674339  4567:048°  033:187° 72674535 36.33:5.05 054013  3.90:017 170006 5.37+0.22®  2.2040.06 28367+8.57°  7.67+0.56°
G 6 105.667+1.46™  78.33+14.24%  1567+2.74% 64.33:4.07 2567+201 040002  357+008 1604004  3.70£0.79°  1.96+0.04 335.0046.76 ©  10.33+0.92
Gp7 11333346.30®  77.00+1642%®  1533+331° 62004381 36.00:3.85  057+0.03  353:011 160004 4.93:0.62®  203+0.04  456.0045231° 12.33+1.52°
G 8 122333+0.76°  7767+11.35%  1567+223% 6400+5.62 4267+911  071$0.16  353t020  153:011 410£0.44%® 200011  28433+13.05° 7.67+0.76"
Gip o 96.33315.82 53.0044.49°  10.67:0.84° 61.00+7.67 33.67+4.36  061#013 3774017 1604006 5.13+043® 2164006  346.67+24.27% 967117
P-value 0.040 0.036 0.036 0.304 0.200 0.186 0.261 0.674 0.008 0.687 <0.001 0.035

VLDL- very low-density lipoprotein; HDL - high density lipoprotein; LDL - low density lipoprotein; aspartate aminotransferase (AST) and alanine
aminotransferase (ALT).
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Table 4- Effect of different bedding sources (sand, wood shavings and paper) and bedding treatments (no treatment - controls,
Bentonite and lime) on broilers’ immune system (log2).

Parameters Vaccinal antibody titres TSRBC_d22 TSRBC d38
Influenza_d29 Influenza_d36 Newcastle_d15 Newcastle_d26 Total_AB 1gG IgM Total_AB 1gG IgM
Sand 3.33£0.16 2.44+0.12* 1.44+0.16 0.44+0.16 1.11+0.29 0.33+0.11 0.78+0.25 2.33+0.23%  0.89+0.14  1.44+0.23%
Bedding Wood shavings 2.89+0.31 2.11+0.08° 1.44+0.22 0.11+0.08 0.89+0.16 0.56+0.12 0.44+0.12 3.44+0.58*  0.78+0.10  2.67+0.55°
Paper 2.89+0.27 2.11+0.08° 1.44+0.20 0.11+0.08 0.78+0.19 0.33+0.11 0.44+0.12 2.00+0.28"  0.89+0.14  1.11+0.21°
P-value 0.370 0.020 0.396 0.068 0.559 0.305 0.305 0.033 0.774 0.010
Controls 2.67+0.28" 2.11+0.08 1.67+0.11° 0.11+0.08 0.78+0.21®  0.44+0.12  0.44%0.10° 3.67+0.52%  1.00+0.11  2.67+0.40°
Amendements Bentonite 2.78+0.28"° 2.22+0.10 1.00+0.16° 0.44+0.17 1.44+0.26*  0.44+0.12  1.00+0.23° 2.11+0.37°  0.78+0.10  1.33+0.36°
Lime 3.67+0.112 2.33+0.11 1.66+0.23° 0.11+0.08 0.56+0.12°  0.33+0.11  0.22+0.10° 2.00+0.16°  0.78+0.15  1.22+0.15°
P-value 0.007 0.228 0.001 0.068 0.012 0.747 0.004 0.005 0.353 0.012
Grp 1 3.3310.21%® 2.33+0.21 2.00+£0.00* 1.00+0.37° 0.67+0.42 0.33+0.21  0.33x0.21° 3.00+0.37%  1.00£0.00  2.00+0.37%®
Grp 2 3.3310.21%® 2.33+0.21 1.00+0.00° 0.00+0.00° 2.00+£0.63 0.33+0.21  1.67+0.56%  2.00+0.37® 0.67+0.21  1.33:0.42%®
Grp 3 3.33+0.42% 2.67+0.21 1.33+0.42%® 0.33+0.21%® 0.67+0.21 0.33+0.21  0.33+0.21°  2.00£0.37®  1.00£0.37  1.00+0.37°
Grp 4 2.67+0.21%® 2.00+0.00 1.67+0.21%® 0.00+0.00° 1.00+0.37 0.67+0.21  0.67+0.21%® 5.33+£1.12%  1.00+0.00  4.33+1.12*°
Treatments Grp5 2.00+0.73° 2.33+0.21 1.00+0.37° 0.3310.21% 1.00+0.37 0.67+0.21  0.67+0.21*  267+1.05® 0.67+0.21  2.00+0.97%®
Grp 6 4.00+0.00? 2.00+0.00 1.67+0.21% 0.00+0.00° 0.67+0.21 0.33+0.21  0.00£0.00°  2.33+0.21* 0.67+0.21  1.67+0.21%®
Grp7 2.00+0.63° 2.00+0.00 1.33+0.21%® 0.3310.21%® 0.67+0.42 0.33+0.21  0.33x0.21° 2.67+0.76®  1.00+0.37  1.67+0.56®
Grp 8 3.00+0.00%® 2.00+0.00 1.00+0.37° 0.00+0.00° 1.33+0.21 0.67+0.21  0.67+0.21%® 1.67+0.21°  1.00£0.00  0.670.21°
Grp9 3.67+0.21%® 2.33+0.21 2.00+0.37¢ 0.00£0.00° 0.33+0.21 0.00+0.00  0.33+0.21" 1.67+£0.21° 0.67+0.21  1.00+0.00°
P-value 0.040 0.051 0.001 0.002 0.053 0.293 0.006 0.005 0.752 0.003

Table 5- Effect of different bedding sources (sand, wood shavings and paper) and bedding treatments (no treatment - controls,
Bentonite and lime) on the weight (absolute and relative) of broilers’ main immune organs.

Parameters Thymus weight Liver weight Spleen weight Bursa of Fabricius weight
Absolute (g)  Relative (%)  Absolute (g)  Relative (%) Absolute (g) Relative (%) Absolute (g)  Relative (%)
Sand 7.00+0.51 0.28+0.02 61.13+1.65 2.50+0.06 3.201+0.21 0.13+0.01 2.01+0.25 0.08+0.01
Bedding Wood shavings ~ 8.37+0.70 0.32+0.03 67.78+4.00 2.62+0.15 3.21+0.15 0.12+0.01 1.55+0.11 0.06+0.01
Paper 8.28+0.55 0.31+0.02 66.71+3.12 2.49+0.12 3.26+0.22 0.12+0.01 1.99+0.22 0.07+0.01
P-value 0.193 0.435 0.271 0.676 0.976 0.731 0.196 0.150
Controls 8.331£0.61 0.30+0.02 71.07£3.80 2.61+0.16 3.23+0.20% 0.12+0.01° 1.83+0.28 0.07+0.01
Amendements  Bentonite 7.85+0.73 0.31+0.03 63.54+3.03 2.52+0.11 3.65+0.20 2 0.15+0.01% 1.98+0.14 0.08+0.01
Lime 7.47+0.44 0.30+0.02 61.01+1.80 2.48+0.50 2.79+0.11°  0.11+0.00° 1.74+0.17 0.07+0.01
P-value 0.606 0.965 0.055 0.732 0.004 0.001 0.701 0.429
Grp 1 7.56+1.19 0.29+0.04 66.45+1.41% 2.57+0.06 3.32+0.36®  0.13+0.01® 2.18+0.71 0.08+0.02
Grp 2 6.91+1.00 0.28+0.03 58.40+2.10° 2.38+0.36 3.80+0.36% 0.15+0.012 2.41+0.00 0.10+0.00
Grp 3 6.52+0.42 0.29+0.02 58.54+3.61° 2.54+0.12 2.49+0.06° 0.11+0.00® 1.46+0.11 0.06+0.01
Grp 4 8.03+1.39 0.29+0.05 81.69+9.84° 3.01+0.42 3.63+0.29%  0.13+0.01%® 1.40+0.04 0.05+0.00
Treatments Grp 5 8.82+1.69 0.35+0.06 59.83+2.46 ° 2.39+0.13 3.24+0.09%  0.13+0.01%® 1.63+0.31 0.07+0.01
Grp 6 8.26+0.29 0.33+0.00 61.83+1.66 2.46x0.08 2.76+0.25%® 0.11+0.01® 1.63+0.12 0.07+0.01
Grp7 9.39+2.0 0.33+0.03 65.07+3.73% 2.25+0.17 2.73+0.31®  0.09+0.01° 1.92+0.49 0.07+0.02
Grp 8 7.82+1.12 0.30+0.04 72.39£7.72% 2.79+0.27 3.93+0.45% 0.15+0.022 1.92+0.17 0.07+0.01
Grp 9 7.63+1.18 0.29+0.04 62.66+3.91® 2.43+0.09 3.11+0.17%*  0.12+0.01® 2.13+0.45 0.08+0.01
P-value 0.688 0.927 0.028 0.214 0.009 0.001 0.467 0.350
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Discussion

In poultry systems, various dry and absorptive
materials are often used as bedding. The
composition of litter quality changes throughout
the rearing period due to addition of excreta,
feed and feathers, and accumulation of wasted
feed and water, which are further decomposed
by moisture and local microbiota. These changes
may affect the productivity of broilers (Huang et
al. 2009; Uno et al. 2011; Bjedov et al. 2013) by
indirectly interfering with gut health and
immunity (Garrido et al. 2004; Torok et al.
2009). The search for alternative bedding
materials of economical and regional interest led
us to test sand, wood shavings, and paper as
suitable substitute bedding materials. We found
that the type of bedding material did not affect
the blood biochemistry parameters of broilers
with exception of alanine aminotransferase. We
also found some differences in the bird’s
immunity, as measured by the antibody
production against Influenza and after SRBC
stimulation. To maintain the hygienic quality of
litters, chemical treatments can be implemented
(lvanov 2001; Line 2002; Garrido et al. 2004;
Choi et al. 2008), but it is of upmost importance
that the product used should not interfere with
the health and productivity of broilers. In this
study, we found some evidence that
amendments used to treat litter beddings
interfered with the bird's parameters analyzed in
the current study. Generally, Lime amendments
increased the values for the hepatic enzymes, as
well as the liver weight. Moreover, litter
amendments,  particularly the  Bentonite,
interfered with the bird humoral immune
competency, but these effects were beneficial as
the broilers as resulted in better humoral
immunity traits. From the major immune organs,
differences among chemical amendments were
only found for the spleen weight. However,
none of the additives compromised the final
weight or productivity of the birds (Seidavi et al.
2015).

Overall different types of bedding and various
amendments caused, minor changes in lipids

(total cholesterol and triglycerides) and uric acid
concentrations in blood. Total cholesterol and
triglycerides were slightly increased in the group
of Bentonite-treated paper litters, but decreased
when sand and wood shavings were treated with
Bentonite. This result suggests possible
hypocholesterolaemic and hypolipidemic actions
that would also limit fat deposition in tissues
(Piotrowska et al. 2011). In contrast, it would be
expected that in paper beddings treated with
Bentonite, fat accumulation in tissues would be
increased compared with the other groups.

Conclusion

In conclusion, we found that despite the
differences in the blood parameters and the
humoral immunity traits, the type of litter and
amendments did not have negative effects on
broilers. The fact that Bentonite treatment
showed different effects depending on the type
of used bedding materials also suggests that
different litter materials may need distinct
amendments to maximize the final quality of
carcasses.
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