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Reduced Nutrient Excretion and Environmental
Microbial Load with the Addition of a Combination
of Enzymes and Direct-Fed Microbials to the Diet of
Broiler Chickens

ABSTRACT

This study evaluated the effects of the dietary inclusion of an enzyme
blend and a direct-fed microbials in broiler diets on litter production
and quality. In total, 900 Cobb 500® broiler chicks were distributed
according to a completely randomized design into 4 treatments and 9
replicates of 25 birds each. Broilers were reared from 1 to 42 days of age.
The treatments consisted of the following diets: NC: negative control;
DFM: NC + 500 ppm of direct-fed microbials product (DFM), containing
Bacillus subtilis and Bacillus licheniformis; ENZ: diet formulated with
an enzyme blend (20 ppm phytase, 200 ppm protease and 200 ppm
of xylanase); DFM+E: ENZ + DFM. Birds and litter were weighed at the
start and end of the rearing period, for litter production and waste ratio
(Rw) determination. Litter samples were analyzed for dry matter (DM)
content, total and thermotolerant coliform counts, nutrient composition
(nitrogen (N), phosphorous (P) and potassium (K)), and fiber fraction
(neutral detergent fiber (NDF), acid detergent fiber (ADF) and lignin).
The dietary inclusion of the evaluated additivesdid not influence litter
production or Rw; however, ADF (%), NDF (kg and kg/kg DM litter),
and total and thermotolerant coliform counts were reduced, and N
content increased in the litter. The diets containing enzymes (ENZ and
DFM+E) reduced litter P content. The addition of exogenous enzymes
and their combination with a DFM based on Bacillus spp .Did not affect
waste production, and reduced litter microbial load, and the contents
of P and insoluble fiber in the litter.

INTRODUCTION

The poultry industry in Brazil has grown at a fast pace during recent
decades. This progress is based not only on the number of chickens
slaughtered or the number of eggs produced, but also in the production
of high-quality protein at a low cost. Today, Brazil is globally the third
producer, the second consumer market, and the first exporter of
chicken meat (UBA, 2014). This accelerated growth has also generated
high waste volumes, which disposal is a cause of concern both by
the industry and the public. Studies have been recently conducted on
novel methods to reduce the environmental impact of poultry industry,
aiming at improving its sustainability.

Poultry litter is the substrate (wood shavings or chips, straw, bark,
etc.) placed on the poultry house floor to absorb moisture and to
provide comfort to the birds. At the end of the grow-out, the litter
also contains bird excreta, feed residues, and feathers, and may be
reused for the next flock or disposed as waste (Avila et al., 1992).
The disposal of used litter in the environment, without previous
treatment, can lead to serious problems related to the chemical and
microbiological contamination of soil and water, as well as negatively
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affect the quality of life of human populations living
close to the production facilities.

Several factors influence the chemical composition
of used litter, such as the composition of the feed
supplied to the birds, litter substrate volume and type,
season, bird density, ventilation, number of time the
litter was reused, and excreta composition.

In order to improve the efficiency of nutrient
utilization by the birds, a more precise feed formulation
is necessary, increasing nutrient absorption by the birds,
and reducing nutrient loss in the environment, thereby
reducing the environmental impact of intensive animal
production (Rondon, 2008). Among other approaches,
the dietary addition of exogenous enzymes and agents
that balance the intestinal microbiota may improve
nutrient utilization, reducing excretion of pollutants in
the environment (Ludke et al., 2002), and may also
improve the microbiological quality of the environment
by competitive exclusion. For instance, it was shown
that broiler diets supplemented the enzyme phytase
can lead to 25 to 35% reduction in dietary phosphorous
content (Maguire et al, 2005). Also, supplementing
broiler diets with a direct-fed microbial product based
on Lactobacillus (Chang & Chen, 2003) resulted in
significant ammonia and odor reduction. However,
few studies have been conducted aiming at assessing
litter characteristics when these additives are used in
broiler feeds.

Therefore, this study aimed at evaluating the effects
of the dietary inclusion of an enzyme blend and a
direct-fed microbials on poultry litter production and
quality by including digestive additives and intestinal
microbiota balancers in diets of broiler chickens from 1
to 42 days of age.

MATERIALS AND METHODS

In this experiment, 900 one-day-old Cobb 500®
broiler chicks, derived from a same breeder flock,
distributed in an completely randomized experimental
design with four treatments with nine replicates of 25
birds each. Birds were housed at a density of five birds/
m2. The experimental treatments were: NC: negative
control; DFM: NC + 500 ppm of direct-fed microbials
product (DFM), containing Bacillus subtilis and Bacillus
licheniformis; ENZ: diet formulated with an enzyme
blend (20 ppm of phytase, 200 ppm of protease and
200 ppm of xylanase enzymes activity); DFM+E: ENZ
+ DFM.

Litter substrate consisted of wood shavings at 0.7
kg DM/bird housed, so that all treatment pens were
covered with the same amount of litter (20 kgFM).
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The chicks were vaccinated against Marek disease,
infectious bursal disease (IBD), and fowl pox at the
hatchery, followed by vaccination on the farm against
IBD ond 5 and 21, and against Newcastle disease on d
7, both via eye drop.

Environmental temperature and air relative humidity
were daily recorded using digital thermometers placed
at the birds’ height. Curtains and fans were used
to ensure thermal comfort of the birds. A lighting
program of 24hours of light was applied. The birds
received water and feed ad /ibitum throughout the
entire experimental period, which was divided into
three rearing phases: starter (1 to 21 days of age),
grower (22 to 35 days of age), and finisher (36 to 42
days of age).

In order to prevent litter contamination, considering
the use of DFM in some treatments, surgical shoe
covers were used by the workers during daily bird
management.

Feed was based on corn and soybean meal,
supplemented with minerals, vitamins, and amino acids,
and formulated to meet the nutritional requirements of
broilers according to rearing phase (starter, grower and
finisher) following the recommendations of Rostagno
et al. (2011) (Tables 1 and 2). Antibiotic growth
promoters were not included in the feeds.

The nutritional matrix of each enzyme was taken
into account for proper diet, considering that xylanase
contributed with 40 kcal metabolizable energy kg’
of feed; phytase contributed with 0.15% available
phosphorous and 0.12% calcium; and protease
contributed with 3.8% crude protein, 3.8% digestible
arginine,1.2% digestible lysine, 3.6% digestible
methionine + cystine, 7.9% digestible threonine,
and 3% digestible tryptophan. The product used as
DFM contained Bacillus subtilis (minimum 0.735 x 108
UFCg™") and Bacillus licheniformis (minimum 0.735 x
108 UFCg™).

Litter was weighed (20 kg of litter per pen) at the
beginning (d 1) and at the end of the grow-out (d 42).
Representative and significant litter samples (10%)
were collected at the end of the experiment for dry
matter (DM) analysis, according to Silva & Queiroz
(2006). Litter DM content was used to calculate litter
weight on DM (kg) and on fresh matter (FM) (kg) basis,
per housed bird (kg DM/bird), and excreta weight per
housed bird (EWB) (kg DM/bird). Waste ratio (Rw) was
calculated as the ratio between the amount of litter
(kg DM) and the live weight of chickens at the end of
the rearing period (Rw = kg DM of poultry litter/kg of
live weight) (Strehler & Sutzle, 1987) as an indication
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Table 01 - Ingredient composition of the experimental feeds fed during the starter, grower and finisher phases.

Ingredients (%) Starter Grower Finisher

Treatments* NC DFM ENZ DFM+E NC DFM ENZ DFM+E NC DFM ENZ DFM+E
Corn 50.36 50.36 55.04 55.04 58.23 58.23 62.90 62.90 62.95 62.95 67.54 67.54
Soybean meal 40.80 40.80 38.30 38.30 32.60 32.60 30.10 30.10 28.60 28.60 26.30 26.30
Soybean oil 4.70 4.70 3.10 3.10 4.80 4.80 3.20 3.20 4.60 4.60 2.90 2.90
Dicalcium phosphate 1.86 1.86 1.05 1.05 1.90 1.90 1.09 1.09 1.75 1.75 0.94 0.94
Calcitic limestone 1.24 1.24 1.43 1.43 1.26 1.26 1.46 1.46 0.97 0.97 1.16 1.16
Salt 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.41 0.41 0.41 0.41
DL-Methionine 99% 0.22 0.22 0.20 0.20 0.21 0.21 0.20 0.20 0.18 0.18 0.16 0.16
L-Lysine HCl 78% 0.09 0.09 0.14 0.14 0.22 0.22 0.27 0.27 0.20 0.20 0.25 0.25
L-Threonine 98% 0.05 0.05 0.02 0.02 0.10 0.10 0.06 0.06 0.09 0.09 0.05 0.05
Enzymes** 0.00 0.00 0.042 0.042 0.00 0.00 0.042 0.042 0.00 0.00 0.042 0.042
Probiotic 0.00 0.05 0.00 0.05 0.00 0.05 0.00 0.05 0.00 0.05 0.00 0.05
Vit and min suppl. *** 0.25 0.20 0.25 0.20 0.25 0.20 0.25 0.20 0.25 0.20 0.25 0.20
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

*NC: negative control; DFM: NC + 500 ppm of direct-fed microbial product (DFM) containing Bacillus subtilis and Bacillus licheniformis; ENZ: diet formulated with an enzyme blend
(20 ppm phytase enzyme, 200 ppm protease and 200 ppm de xylanase); DFM+E: ENZ + DFM.***Enriched vitamin and mineral supplement per kgof feed: 8,.000 IU vitamin A,
1,800 IU vitamin D3, 12 mg vitamin E, 2 mg vitamin K3, 1 mg vitamin B1, 4 mg vitamin B2, 1 mg vitamin B6, 10 ug vitamin B12, 0.40 mg folic acid, 0.04 mg biotin, 28 mg niacin,
11 mg calcium pantothenate, 6 mg Cu, 0.10 mg Co, 1 mg 1, 50 mg Fe, 65 mg Mn, 45 mg Zn, 0.21 mg Se, 500 mg choline chloride 50%, 12 mg antioxidant and coccidiostatic agent
(salinomycin).

Table 02 - Calculated nutritional levels of the experimental feeds.

Phases Starter Grower Finisher
Treatments* NC DFM ENZ DFM+E NC DFM ENZ DFM+E NC DFM ENZ DFM+E
Metabolizable Energy (kcal/kg) 3000 3000 2960 2960 3100 3100 3060 3060 3200 3200 3160 3160
Crude Protein (%) 23.00 23.00 22.13 22.13  20.00 20.00 19.24 19.24 18.50 1850 17.80 17.80
Total Arginine (%) 1.57 1.57 1.49 1.49 1.32 1.32 1.25 1.25 1.20 1.20 1.14 1.14
Digestible Arginine (%) 1.45 1.45 1.44 1.44 1.22 1.22 1.21 1.21 1.1 1.1 1.10 1.10
Total Lysine (%) 1.37 1.37 1.38 1.38 1.25 1.25 1.26 1.26 1.14 1.14 1.15 1.15
Digestible Lysine (%) 1.25 1.25 1.25 1.25 1.15 1.15 1.15 1.15 1.04 1.04 1.05 1.05
Total Methionine (%) 0.60 0.60 0.60 0.60 0.56 0.56 0.56 0.56 0.51 0.51 0.51 0.51
Total Methionine + Cystine (%) 0.98 0.98 0.94 0.94 0.90 0.90 0.86 0.86 0.83 0.83 0.80 0.80
Digestible Methionine (%) 0.57 0.57 0.56 0.56 0.54 0.54 0.52 0.52 0.49 0.49 0.47 0.47
Digestible Methionine + Cystine (%) 0.89 0.89 0.89 0.89 0.82 0.82 0.82 0.82 0.75 0.75 0.75 0.75
Total Threonine (%) 0.93 0.93 0.82 0.82 0.85 0.85 0.75 0.75 0.78 0.69 0.75 0.69
Digestible Threonine (%) 0.80 0.80 0.80 0.80 0.74 0.74 0.74 0.74 0.68 0.68 0.68 0.68
Total Tryptophan (%) 0.28 0.28 0.27 0.27 0.24 0.24 0.22 0.22 0.21 0.21 0.20 0.20
Digestible Tryptophan (%) 0.24 0.24 0.24 0.24 0.20 0.20 0.20 0.20 0.18 0.18 0.18 0.18
Total Isoleucine (%) 0.98 0.98 0.94 0.94 0.83 0.83 0.79 0.79 0.76 0.76 0.75 0.75
Digestible Isoleucine (%) 0.78 0.78 0.78 0.78 0.67 0.67 0.66 0.66 0.61 0.61 0.61 0.61
Total Leucine (%) 4.02 4.02 418 4.18 4.14 4.14 4.30 4.30 4.24 4.24 4.55 4.55
Digestible Leucine (%) 3.57 3.57 3.72 3.72 3.71 3.71 3.87 3.87 3.82 3.82 3.98 3.98
Total Valine (%) 1.08 1.08 1.04 1.04 0.93 0.93 0.89 0.89 0.86 0.86 0.85 0.85
Digestible Valine (%) 0.93 0.93 0.94 0.94 0.80 0.80 0.81 0.81 0.74 0.74 0.75 0.75
Total Phenylalanine (%) 1.15 1.15 1.1 1.1 0.99 0.99 0.95 0.95 0.91 0.91 0.88 0.88
Digestible Phenylalanine (%) 1.04 1.04 1.00 1.00 0.90 0.90 0.86 0.86 0.83 0.83 0.80 0.80
Crude Fiber (%) 2.76 2.76 2.72 2.72 2.51 2.51 2.47 2.47 2.40 2.40 2.37 2.37
Calcium (%) 1.00 1.00 0.88 0.88 1.00 1.00 0.88 0.88 0.85 0.85 0.73 0.73
Total Phosphorous (%) 0.68 0.68 0.53 0.53 0.66 0.66 0.51 0.51 0.63 0.63 0.48 0.48
Available Phosphorus (%) 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.42 0.42 0.42 0.42
Sodium (%) 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.18 0.18 0.18 0.18
Chlorine (%) 0.32 0.32 0.33 0.33 0.35 0.35 0.36 0.36 0.33 0.33 0.34 0.34
Potassium (%) 1.07 1.07 1.03 1.03 0.91 0.91 0.86 0.86 0.83 0.83 0.79 0.79
Choline (%) 1.248 1.248 1.227 1.227 1.133 1.133 1.112 1.112 1.082 1.082 1.064

*NC: negative control; DFM: NC + 500 ppm of direct-fed microbial product (DFM) containing Bacillus subtilis and Bacillus licheniformis; ENZ: diet formulated with an enzyme blend
(20 ppm phytase enzyme, 200 ppm protease and 200 ppm de xylanase); DFM+E: ENZ + DFM.
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of the potential waste generation of the production
system.

The collected litter samples were analyzed for
nitrogen (N), phosphorous (P), and potassium (K)
contents. Nitrogen (N) content was determined using
the methodology described by Silva & Queiroz (2006).
Phosphorous (P) levels were determined using the
methodology described by Malavolta (1989), and
potassium (K) levels were determined in an atomic
absorption spectrophotometer. Neutral detergent fiber
(NDF), acid detergent fiber (ADF), and lignin contents
were determined using the methodologies proposed
by the AOAC (2005).

The multi-tube technique described by APHA
(2005) was used for the total and thermotolerant
coliform enumeration. The litter was diluted in
peptone water solution at1: 9, obtaining serial decimal
dilutions of 10-1 to 10-9 (in duplicate). A 20 g sample
of poultry litter was collected under aseptic conditions
in a sterile container and homogenised in 180 mL of
peptone water. Samples were diluted in lauryl sodium
sulfate broth, according to APHA (2005). Tubes with
poultry litter samples were incubated at 35 °C for
24 to 48 hours. Samples presenting gas production
in the Durham tubes and / or blurred staining were
considered positive for total coliforms.

In order to confirm the results of the previous test,
tubes positive for total coliforms were seeded in green
bile broth (2%) and incubated at 35 + 1 °C for 48 hours.
The presence of thermotolerant fecal coliforms was
determined by seeding the positive samples for total
coliforms in EC broth (specific medium for Escherichia
coli, pathogenic enteric bacteria used as indicator for
thermotolerant fecal coliforms, and incubation at 44.5
+ 0.2 °C for 18-24 hours. The samples presenting gas
production after this period were considered positive.
The density of total and fecal coliforms in the litter
were expressed in MPN 100 mL -1.

Data were analyzed using the GLM procedure of
SAS® software (SAS Institute, 2002). When statistical
significance was detected, means were compared by
Tukey's test at 5% probability level.

RESULTS AND DISCUSSION

No significant differences (p>0.05) among
treatments were detected for used litter characteristics,
considering total DM and FM, DM per bird, Rw, or
EWB (Table 3). Birds fed the diets containing additives
presented similar waste production when compared
with those fed the control diet. Santos & Lucas Jr.
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(2003) obtained an average litter production of 2.19
kg (FM) per broiler, which is close to the averages
found in the present study.

Table 03 - Reused litter on fresh matter (FM) and dry
matter (DM) basis, and per bird on DM basis, waste ratio
(Rw), and amount of excreta (on DM basis) per housed bird
(EWB) for broiler chickens fed with an enzyme blend and
direct-fed microbes (DFM).

Litter production

Treatments* DM Rw

(E\él) (Dkﬁﬂ (ng/t)/ilrd) g/ (kg/ EWB

bird) kg)  (kg/bird)

NC 55.03 45.84 2.20 1.87 0.64 1.13
DFM 53.90 44.53 2.15 1.82 0.66 1.08
ENZ 55.95 44.84 2.24 1.81 0.65 1.10
DFM+E 55.22 45.02 2.21 1.83 0.67 1.1
F Values 0.48 0.22 0.52 0.24 0.29 0.34
P Values 0.69" 0.88M° 0.63% 0.86™ 0.87% 0.79%
CV' (%) 6.68 7.89 7.82 6.45 0.83 1045

Icoefficient of variation;. *“NC*NC: negative control; DFM: NC + 500 ppm of direct-fed
microbial product (DFM) containing Bacillus subtilis and Bacillus licheniformis; ENZ:
diet formulated with an enzyme blend (20 ppm phytase enzyme, 200 ppm protease
and 200 ppm de xylanase); DFM+E: ENZ + DFM. ™ not significant (p>0.05).

The moisture content results are consistent with the
recommendations of Almeida (1986), to maintain litter
moisture content between 20 and 35%; however,
at higher values, the litter becomes “damp” and
“viscous”. Damp litter does not provide comfort to the
birds, and reduces weight gain, feed conversion ratio,
and disease resistance.

The supplementation of poultry diets with
exogenous enzymes and DFM may improve nutrient
utilization, and consequently, reduce waste production,
because the animal is able to digest plant ingredients
more efficiently, thereby excreting a smaller amount
of undigested matter. Pinheiro et al. (2008) obtained
10% reduction in waste production when adding an
enzyme blend in the diet of broiler chickens. Santos
(2010) also found lower waste production (5.3%)
when enzymes were added alone or in combination
with a probiotic to broiler diets. When comparing
waste production between the 15t and the 2" broiler
flock reared on the same litter, Santos (1997) observed
accumulated waste was reduced in approximately 16%
in reused litter. However, this effect was not observed
in the present study.

Therewasareductioninthe number of total coliforms
and the number of thermotolerant coliforms in the
litter of broilers fed the diets containing the evaluated
additives. The greatest reduction was observed in the
litter of broilers diets containing enzymes (0.68x107
MPN/100 mL) and enzymes combined with DFM
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(0.14x107 MPN/100 mL), followed by the litter of birds
that received the diet with DFM (11.00x107 MPN/100
mL). These results demonstrate that the evaluated
additives improved litter hygienic quality, as shown
by the microbial loads obtained when compared with
control treatment litter (11.80x107 MPN/100 mL) (Table
4). According to Sobestiansky (2002), disease incidence
is directly related with environmental contamination
in intensive animal production. In industrial broiler
production in particular, there is a high daily rate of
excreta deposition on the litter, in addition of feed
and water, which may increase the load of pathogenic
microorganisms. According to Kiehl (2004), the profile
of the microbial population in the litter, in terms of
number and species, depends on the litter substrate
conditions that may favor or not their replication.

Table 04 — Number of total and thermotolerant coliforms
(MPN/100 mL) in the litter of broilers reared up to 42 days
of age and fed diets containing an enzyme blend and
direct-fed microbes (DFM).

Characteristics

Treatments* Total Coliforms Thermotolerant Coliforms
(MPN/100ml) (MPN/100ml)

NC 11.00x107A 11.80x107A

DFM 7.80x107 B 7.80x107B

ENZ 0.68x107 C 0.68x107 C

DFM+E 0.14x107 C 0.14x107 C

F Values 3.88 3.88

P Values 0.042** 0.042**

CV' (%) 8.22 8.22

Icoefficient of variation;*NC: negative control; DFM: NC + 500 ppm of direct-fed
microbial product (DFM) containing Bacillus subtilis and Bacillus licheniformis; ENZ:
diet formulated with an enzyme blend (20 ppm phytase enzyme, 200 ppm protease
and 200 ppm de xylanase); DFM+E: ENZ + DFM. A-C: means followed by different
letters (columns) significantly differ (p<0.05) by Tukey's test.

The inclusion of additives in broiler diets may create
an unfavorable environment microbial growth, due to
the competition for food in the litter substrate. There
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are few studies on the influence of the inclusion of
additives in the diet of broiler chickens on poultry litter.
However, Brito & Tagliari (2007) found that adding
Bacillus subtilis and protease enzymes directly to the
poultry litter reduced E. coli counts as of 24 hours in
contact, and also significantly prevented the occurrence
of cellulitis in broilers exposed to pathogenic strains of
E. coli.

There were significant effects of the dietary
treatments (p<0.05) on litter P and N contents. The
litter of broilers fed DFM the highest N content,
followed by the litter of those enzymes and enzymes
combined with DFM, where as the lowest N content
was observed in the litter of the control birds (Table
5). This was not expected, because when the diet
contains additives, especially exogenous enzymes,
bird utilize the nutrients present in feed ingredients
more effectively, thereby reducing their excretion in
the environment. According to Costa et al. (2004),
exogenous enzymes may reduce the excretion of
pollutants, such as phosphorous and nitrogen, but their
excretion levels depend on diet formulation. This results
maybe explained by the action of Bacillus spp, which
promotes the degradation of litter organic matter,
releasing bound N from substrates, and consequently
available N in the litter. However, other parameters,
such pH, ammoniacal nitrogen and its volatilization,
should be analyzed a more detailed evaluation of N
litter content.

The broilers fed the diets containing enzymes and
enzymes + DFM presented the lowest P deposition
level in the litter. This may have occurred due to the
presence of phytase in the enzyme blend added to the
diets, which enabled greater P absorption as a result of
total or partial hydrolysis of the phytic acid present in
the plant feedstuffs. Banks et al. (2004), studying the

Table 05 - Chemical composition (N, P and K) of the litter offed diets containing an enzyme blend and direct-fed microbes

(DFM).
Chemical Composition

Treatments* (%) kg/kg of litter (DM)

N p K N p K
NC 2.64D 247 A 3.18 0.026 D 0.025 A 0.031
DFM 299 A 2.56 A 3.20 0.030 A 0.026 A 0.032
ENZ 273 C 1.90 B 3.16 0.027 C 0.0198B 0.033
DFM+E 2908 1.87B 3.07 0.0298B 0.018B 0.032
F Values 72.4 130.07 0.72 72.43 121.90 0.72
P Values <0.0001** <0.0001** 0.5456" <0.0001** <0.0001** 0.5456M°
CV' (%) 1.96 4.41 5.27 1.96 4.49 5.52

Icoefficient of variation; *NC: negative control; DFM: NC + 500 ppm of direct-fed microbial product (DFM) containing Bacillus subtilis and Bacillus licheniformis; ENZ: diet formulated
with an enzyme blend (20 ppm phytase enzyme, 200 ppm protease and 200 ppm de xylanase); DFM+E: ENZ + DFM. **p>0.05. " not significant. A-B: means followed by different

letters (columns) significantly differ (p<0.05) by Tukey's test.
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addition of phytase enzyme to broiler diets, observed
a reduction in the phosphorous content of diets
supplemented with phytase during different rearing
phases, and an average of 33% of total phosphorous
in the litter, in comparison to the average reduced levels
of available phosphorous in the control treatment.

Aiming at evaluating the utilization of use poultry
litter to fertilize vineyards, Miele et al. (1983) concluded
that broiler litter is a significant source of macro and
micronutrients, suggesting the application of 3.4 to
6.8 t/ha, according to the nitrogen requirements of
the plant.

There was a reduction in the fiber fraction (NDF and
ADF) in the litter of broilers fed the diets containing
additives. On the other hand, the lowest lignin content
was obtain in the litter of broilers fed the combination
of enzymes + DFM (Table 6). Because DFM are bacteria
obtain energy through the decomposition of organic
matter, they effectively contribute for the degradation
of litter material, particularly its fiber fraction.
According to Torres et al. (2003), the dietary inclusion
of exogenous enzymes potentially improves the
performance of broilers, as a result of better digestion
of low-quality byproducts, which contain non-starch
polysaccharides (NSPs), as well as better utilization of
highly digestible feed nutrients, thereby reducing the
amount of insoluble fiber in the litter, as observed in
the present study. Therefore, when DFM was combined
with enzymes, litter fiber content was reduced due to
the increased fiber degradation promoted by those
products.

Under field conditions, the chemical composition
of poultry litter may vary due to differences in litter
substrates, litter reutilization, diet composition, and
broiler management practices. There are few studies
in literature on litter composition as affected by diet
formulation, and therefore, further studies are needed.

Reduced Nutrient Excretion and Environmental
Microbial Load with the Addition of a Combination
of Enzymes and Direct-Fed Microbials to the Diet of
Broiler Chickens

CONCLUSION

The addition of exogenous enzymes and their
combination with a DFM product based on Bacillus
spp. to the diet of broiler chickens does not change
the amount of waste output and offers environmental
benefits by reducing the microbial load and the
amounts of phosphorus and insoluble fiber in the litter.
Therefore, the litter can be a source of income as a
source of organic fertilizer to be applied on the farm
or to market.
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