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Abstract

This study evaluated the performance, immune response to vaccination, digestive organs, intestinal
histomorphometry, and microbiological development in the diet and litter of Isa Brown strains at growing
receiving phase alternative additives in the place of antibiotics. Four treatments were arrayed in a completely
randomized design: T1) Basal diet without antibiotics, T2) Basal diet with antibiotics, T3) Basal diet with
probiotics, and T4) Basal diet without antibiotics and water modified by a photoelectron generator. There
were six replications of eight birds each and thus a total of 192 birds. Performance was evaluated for eight
weeks and during this period blood samples were collected at 9, 12 and 15 weeks of age for serological
evaluation. At the end of the experimental period, 24 birds were euthanized, collecting the intestinal tract and
later performing histomorphometry. Microbiological analyses were performed in the experimental diets and in
the material of the litter of the boxes. The results obtained were analyzed by analysis of variance and the
contrast between treatment means when significant by Tukey’s test. The results indicate that the
replacement of antibiotics with T3 or T4 did not interfere negatively (P >0.05) in the performance of the birds,
immunological response, viscera analyses and intestinal histomorphometry. In addition, use of T3 and T4
might lead to more rapid decomposition of excreta and reduce antibiotic residue in the soil when the litter is
used in crop production.
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Introduction

In poultry production, it is almost impossible to achieve high productivity and keep costs low without
using feed additives (Otutumi et al., 2008). Performance-enhancing feed additives play a role in ensuring the
integrity and development of the intestinal mucosa and consequently improving flock performance (Lemos et
al., 2016).

Antibiotics are widely used in laying poultry production as prophylactic agents and in the treatment of
pathologies, although few drugs have been formulated for laying hens. However, several drugs have been
approved for use in other classes of poultry (Borsoi & Palermo Neto, 2015). Antibiotics are metabolites from
fungi, yeasts, and bacteria (Menten, 2001) that enhance performance by protecting the intestinal lumen
against pathogenic microbiota (Soares, 1996) and eliminate specific pathogenic organisms (Gadde et al.,
2017). The dietary provision of antibiotics has been controversial, allowing for high population densities,
which may increase farm profitability and productivity by improving the growth rate from 4% to 8% and feed
conversion from 2% to 5% (Ajuwon, 2015), but affects welfare negatively (Broom & Johnson, 1993).
Improper manipulation of pathogenic microbiota through performance-enhancing drugs can induce
imbalances in the intestinal microbiome and trigger enteric processes owing to undesirable interactions with
other pathogens (NRC, 2004). Additionally, the administration of antibiotics at prophylactic doses may
generate microorganisms that are resistant to them and result in the loss of therapeutic viability, although
they are necessary for treating infected animals and humans.
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Unquestionably, the short-term cost-benefit ratio supports the use of antibiotics as feed additives. In
2006, the European Union (EU) prohibited the use of antibiotics to enhance production (Lemos et al., 2016;
Belal et al., 2018; Mashayekhi et al., 2018). Because of popular pressure, researchers have sought to
identify viable alternatives (Albuquerque, 2005). The formulation of rations without additives that would help
to modulate the enteric microbiome would reduce animal performance and increase risks to animal health.
Thus, antibiotics should be replaced with additives that act similarly (Reis & Vieites, 2019). Antibiotic
substitution studies are important to maintain beneficial effects of feed additives and eliminate undesirable
ones such as bacterial resistance (Vijayasteltar et al., 2016; Al-Shammari et al., 2017). The market for such
products has increased and their use has become more widespread in livestock production, because they
leave no residues (Brenes & Roura, 2010) and do not cause bacterial resistance. Probiotics can be used as
replacements for antibiotics to improve performance and animal immune response, and are recognized as
safe by the consumer (Brenes & Roura, 2010).

Probiotic products are single or mixed cultures of microorganisms that produce beneficial effects in the
host by increasing the properties of the native microbiota when administered to animals or humans (Fuller,
1989; Havenaar et al., 1992). Their main form of action is through competitive exclusion in which beneficial
microbiota adhere in greater quantity to binding sites in the gut and prevent them from being occupied by
pathogenic bacteria. This increased concentration of beneficial microbiota also has an advantage in
competing with pathogens for nutrients (Corcionivoschi et al., 2010). In addition, organic acids and other
bactericidal substances produced by the beneficial microbiota inhibit the multiplication of pathogenic bacteria
such as Salmonella sp. and Escherichia. coli (Hinton et al., 2000). Probiotic microorganisms can also
stimulate the immune system through macrophage activation, T-cell proliferation, and interferon production
(Leedle, 2000). They are also responsible for increased mucin secretion in the intestine, which protects the
intestinal mucosa against the adhesion of pathogens, preventing them from initiating an inflammatory
process in the intestine (Oliveira-Sequeira et al., 2008). Thus, these pathogenic organisms become free in
the intestinal lumen and are excreted by the animal. The classic signs of an ongoing immune response in the
gut include increased infiltration of leukocytes in the lamina propria and changes in the gut structure such as
villous atrophy and crypt enterocyte hyperplasia (Smith & Beal, 2008). Probiotics also stimulate cytokine
production, increase the release of immunoglobulin secretion, produce bacteriocins, and increase the
junction between intestinal mucosa cells to prevent intracellular bacterial invasion (Fonseca, 2010).

Water is an important medium for the propagation of pathogens. The most widely used chemical
disinfectant for water treatment is chlorine. However, despite its bactericidal efficiency, potential toxicity of
by-products of chlorination make the process less attractive (Prestes, 2007). Therefore, other forms of water
decontamination that avoid the formation of residues could be advantageous. The treatment of water with a
photoelectron generator is one of these processes. A photoelectron generator is built as a condenser
(Dileka, 2019). The core material is positioned inside a tube and produces multiple clockwise and anti-
clockwise vortexes as water passes through it. With water pressure, millions of micro-bubbles and multiple
vortexes are produced simultaneously. The static electric current causes separation of chemicals in the
water and gives it a bactericidal effect that is effective against Legionella and E. coli in particular.

Therefore, the objective of the study was to compare a ration supplemented with an antibiotic (T1), a
ration supplemented with a probiotic (T3), and water that had been treated with a photoelectron generator
(T4) for effects on the performance, vaccine efficacy, measurements of the organs of the gastrointestinal
tract and histomorphometry of the small intestine of semi-heavy layers during the growing phase of their
development. The second objective was to determine the effects of these treatments on microbiological
development in the litter relative to the basal diet.

Material and Methods

The protocols for this experiment were approved by the Ethics Committee of Sdo Paulo Agribusiness
Technology Agency (protocol number 275/19). As an adaptation phase, 192 layers of the ISA Brown line
were housed from the first day of life in an aviary measuring 6.0 x 18.0 m, with 0.50 m high walls and 1.50 m
galvanized wire screens. The building was equipped with external and internal curtains, with closed sidewalls
and Marseille tile roof. It contained 24 boxes on the floor and utility corridor. Boxes (1.0 x 2.0 m) were
screened and equipped with pendular feeders and nipple drinkers. They had 5 cm wood shavings on the
floor during the experiment to give greater comfort to the animals. The pullets were kept warm during the first
15 days and given water and feed ad libitum throughout the experiment until they were six weeks old. The
birds were immunized against Marek disease and coccidiosis at one day old, Newcastle disease and
bronchitis at 7, 28, and 56 days old), Gumboro at 7, 14, 21, and 28 days old, coryza and mycoplasma at 35
days old, bouba and encephalomyelitis at 42 days old, pneumovirus at 14 and 63 days old, E. coli at 63 days
old, and Salmonella at 7 and 56 days old.
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A completely randomized design (DIC) and four treatments were arrayed in a completely randomized
design: T1) Basal diet without antibiotics, T2) Basal diet with antibiotics, T3) Basal diet with probiotics, and
T4) Basal diet without antibiotics and water modified by a photoelectron generator. The experimental diets
were isoenergetic and isonitrogenous and formulated on corn and soybean meal with nutritional composition
based on tables from Rostagno et al. (2011) (Table 1).

Table 1 Composition of the experimental diets fed to Isa Brown pullets from 7 to 15 weeks old

Growth phase

Ingredients, %

7 to 11 weeks old 12 to 15 weeks old

Corn grain 61.9 57.7
Soybean meal (46% crude protein) 26.1 18.6
Wheat meal 8.7 20.8
Limestone 38% Ca 1.1 1.2
Dicalcium phosphate 1.2 0.9
Vitamin and mineral supplement* 0.4 0.4
Salt 0.3 0.3
DL-Methionine 99% 0.2 0.1
L-Lysine 78% 0.1

Phytase 10000 (Poedeira) 0.003 0.003

Calculated nutritional composition

Metabolizable energy, kcal/kg 2874.7 2749.7
Crude protein, % 18.0 16.0
Ether extract, % 3.2 3.3
Crude fibre, % 3.7 4.1
Calcium, % 0.9 0.9
Total phosphorus, % 0.7 0.7
Available phosphorus, % 0.5 0.4
Sodium, % 0.1 0.1
Chlorine, % 0.2 0.2
Total lysine, % 1.0 0.8
Digestible lysine, % 0.8 0.6
Total methionine, % 0.5 0.4
Digestible methionine, % 0.4 0.3
Methionine+total cystine, % 0.8 0.7
Methionine+digestible cystine, % 0.7 0.5
Total threonine, % 0.7 0.6
Digestible threonine, % 0.5 0.4
Total tryptophan, (% 0.2 0.2
Digestible tryptophan, % 0.2 0.1
Total arginine, % 1.2 1.0
Total isoleucine, % 0.9 0.8
Total valine, % 0.8 0.7
Linoleic acid, % 1.6 1.7
Xanthophyll, mg 111 104

T Vitamin A: 2 500 000 Ul, vitamin Ds: 625 000 UI, vitamin E 6 250 UI, vitamin K: 500 mg, vitamin B1: 500 mg, vitamin By:
1 500 mg, vitamin Bs: 750 mg, vitamin Bi2: 3 000 mcg, niacin: 8 500 mg, biotin: 18 mg, pantothenic acid: 3 275 000 mg,
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folic acid: 175 mg, Butylated hydroxytoluene: 20 mg, phytase: 50,000 FTU, pethionine: 173.25 g, choline: 32.56 g,
copper: 2,5 mg, iron: 12.5 g; iodine: 300 mg, manganese: 20 g, selenium: 50 mg, zinc: 15.0 g per kg of supplement

The performance of the live birds was evaluated over eight weeks. The birds received water and feed
ad libitum. The orts were removed from each box and weighed every seven days to estimate the average
feed intake per bird. Feed intake was the difference between the weight of feed provided and the weight of
the orts. The birds were also weighed every seven days. Data included the average initial and final
bodyweights (g), average feed intake, average daily feed intake, accumulated feed intake, average
bodyweight gain, average daily bodyweight gain, and feed conversion. There was no mortality of the birds.

At the end of experiment, a bird of average weight was chosen from each replicate, six per treatment,
and removed. These 24 birds were weighed again and euthanized, according to the criteria for Isa Brown
(CONCEA, 2013). The carcasses were dissected to obtain the glands (liver and pancreas) and organs
(intestine) of interest. The lengths and weights of the duodenum, jejunum, ileum, cecum and colon-rectum
were recorded.

Blood was collected at night for serological evaluation of titers against Newcastle disease virus and
avian bronchitis virus. Prior to collection, the birds were fasted for one hour. The samples were collected by
venipuncture of the right brachial vein with 3 ml blood being drawn into a vacuum tube without an
anticoagulant. Samples were collected from one bird per replicate at 9, 12, and 15 weeks old. Titers were
determined by enzyme-linked immunosorbent assay. The results were measured as a ratio of optical
densities with cut-off values of 0.35 and 0.20 for Newcastle disease virus and avian bronchitis virus,
respectively.

The histomorphometry of the small intestine was performed by separating 1.0 cm samples of the
middle portion of each segment (duodenum, jejunum and ileum). The samples were then washed in distilled
water, extended by the serous tunic, and opened and fixed with 10% formaldehyde. Subsequently, the
material was dehydrated in an increasing series of alcohol from 70% to 100%. The samples were
diaphanized in benzol, processed and embedded in histological resin. Five semi-serial histological sections
of seven micrometres thick were made and stained according to the haematoxylin and eosin technique
(Tolosa et al., 2003). The stained slides were viewed under a light microscope at the Department of Animal
Morphology and Physiology, Unesp of Jaboticabal. The images were captured on the Olympus DP 11 micro-
camera and stored on a USB stick. Morphometric analysis was performed with Image Pro Plus software
(Media Cybernetics®, Brazil, version 6.0). The lengths of six villi and the depths of six well-oriented crypts
were measured on each side of the cuts in the sequence in which they lay in the small intestine and their
lengths (um) were measured in a straight line. The measurements at the height of the villi were taken from
the upper base of the crypt to the apex of the villi. The crypts were measured between the villi from the lower
base to the upper base of the crypt (Fukayama et al., 2005; Gava et al., 2015).

Microbiological analyses of the diets were performed with samples of approximately 500 g, which were
collected aseptically in sterile flasks immediately after making the diets. Three replicate samples per
treatment were refrigerated at 4 °C to 12 °C in closed in plastic bowls until they were analysed. The total
microorganism count was determined according to the methodology recommended by APHA (2001). Briefly,
1 g of each sample was diluted with 50 mL physiological saline. Then 10 serial dilutions (base 10) were
made and seeded in PDA (potato 200 g, dextrose 20 g, agar 20 g, and water 01 L). To make the PDA,
potatoes were minced and boiled in 500 mL of water until tender. The material was strained and the other
reagents and distilled water were added to bring the volume to 1 L, which was then autoclaved for 20
minutes at 1 atm. The medium was poured into 9 x 15 mm Petri dishes. After incubation for 24 hours at 35
°C, colony-forming units (CFU/qg) in each dish were counted.

Six replicate samples of the poultry litter were collected from each treatment, avoiding areas around
the feeders and drinkers. They were processed in a manner similar to that of Singh and Walker (2006). After
being homogenized and refrigerated, the litter samples were handled in the same way as the feed samples.

The data were analysed by one-way analysis of variance. When the treatment effects were significant,
their means were compared using Tukey’s test at a 5% level of probability. All analyses were performed with
SISVAR software (Ferreira, 2011).

Results and Discussion

Temperature and humidity in the facility where the birds were housed were 19 °C and 78%,
respectively. This environment can be classified as comfortable for the birds and believed not to influence
the results that are presented in Table 2.
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Table 2 Performance of 7- to 14-week-old Isa Brown pullets at growing phase that received alternatives to
antibiotics

Treatments

T1 T2 T3 T4 SE
Initial weight (g) 521.2 519.2 520.9 520.6 0.44
Final weight (g) 1447.7 1435.9 1414.1 1428.2 8.52
Feed intake (g) 485.2 475.7 486.4 455.4 7.17
Daily average feed intake 76.3 74.1 76.3 70.1 1.46
Bodyweight gain (g) 116.1 114.4 111.6 113.4 0.94
Average daily gain (g/day) 17.9 17.4 17.0 174 0.18
Feed conversion® 5.1 5.0 5.3 5.1 0.06
Viability (%) 100.0 100.0 100.0 100.0 -

T1: Basal diet without antibiotics, T2: Basal diet with antibiotics, T3: Basal diet with probiotics, and T4: Basal
diet without antibiotics and water modified by a photoelectron generator

The immune response to Newcastle disease virus (Figure 1) was above the cut-off limit of optical
densities for positive and negative results (cut-off = 0.35) for all treatments. There was no significant
difference between the treatments, suggesting that the birds were adequately protected. These results
disagree with those of Zhang et al. (2012), who found that laying hens supplemented with probiotics for 15
days had a higher antibody titer against Newcastle virus than unsupplemented control hens. In addition,
Zhang et al. (2012) indicated that blends of probiotics had a greater beneficial effect on immune response
than single strains.
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Figure 1 Treatment effects on immunologic response by Isa Brown pullets to Newcastle disease virus as
measured by the optical density ratio S/P

T1: Basal diet without antibiotics, T2: Basal diet with antibiotics, T3: Basal diet with probiotics, and T4: Basal diet without
antibiotics and water modified by a photoelectron generator

The immune response to infectious bronchitis disease virus was less satisfactory than for Newcastle
disease virus (Figure 2). Only T2 produced an immunological response that was above the cut-off limit (cut-
off S/P = 0.20). T1, T3, and T4 treatments did not provide satisfactory protection against the disease. In spite
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of the level of protection being below the minimum threshold, there was no illness of the birds in this
experiment.
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Figure 2 Treatment effects on immunologic response by Isa Brown pullets to infectious bronchitis virus as
measured by the optical density ratio S/P

T1: Basal diet without antibiotics, T2: Basal diet with antibiotics, T3: Basal diet with probiotics, and T4: Basal diet without
antibiotics and water modified by a photoelectron generator

The treatments had no detectable effect (P >0.05) on the weight and length of most organs of the
gastrointestinal tract, or on their relative weights. Only the length of the duodenum was significantly affected
by the treatments. Pullets that were given antibiotic had the highest values and those given probiotic had the
lowest. The characteristics of the viscera of the pullets during their growing phase are presented in Table 3.

There were no significant differences among treatments (P >0.05) in the histomorphometry of the
duodenum (Table 4). This absence may be explained by possible poor colonization of the intestine by the
culture in the probiotic, which may also be a reason for its lack of effect on performance measures (Table 2).
The villus is the functional unit of the intestine, and there is a high positive correlation between villus size and
nutrient absorption rates. Crypt depth is an important indicator of the gastrointestinal tract health. When the
intestine is damaged by pathogenic microorganisms, it intensifies cellular turnover in the villus crypt, causing
an increase in its depth. This process reduces the villus size to crypt depth ratio (Macari et al., 2002). This
may explain the absence of significant differences between treatments for performance parameters, since
there was adequate preservation of the intestinal mucosa, regardless of treatment. Therefore, the amount of
nutrients needed for enterocyte repair and the rates of nutrient digestion and absorption remained similar.

Bueno et al. (2012) observed a significant (P <0.05) interaction in probiotic treatment and bird age
compared with unsupplemented control birds. In Japanese quail, supplementation with probiotics increased
crypt depth at 7 days old but reduced it at 35 days old. Abdelgader et al. (2013) provided prebiotics,
probiotics and a combination of the two (symbiotics) as supplements for laying hens. Villus height was
increased in the duodenum of laying hens that consumed symbiotics, but birds that consumed diets with
prebiotics and probiotics showed similar responses. All of the dietary supplements increased villus height
relative to the unsupplemented control. Shalaei et al. (2014) also studied the effects of feed additives as
replacements for antibiotics on histomorphometry in laying hens. They too observed higher villus height for
birds that consumed probiotics. However, the width of the villi was not affected in birds that were
supplemented with probiotics or antibiotics compared with those that were fed the control diet.
Supplementation with organic acids reduced the width of the villi compared with diets. Shalaei et al. (2014)
also found reduced crypt depth and lesser villus/crypt ratios in the duodenum of hens that consumed
prebiotics or organic acids compared with the other additives and the control.
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Table 3 Characteristics of viscera (cm) of Isa Brown pullets at 14 weeks old

Treatments
General mean SE
T1 T2 T3 T4

Weight of pancreas, g 3.3 2.8 2.9 3.3 3.1 0.13
Pancreas, % 0.2 0.2 0.2 0.2 0.2 0.00
Weight of liver, g 27.3 24.2 26.0 24.7 25.5 0.70
Liver, % 1.9 1.9 1.8 1.8 1.9 0.03
Small intestine, cm 97.7 104.0 90.7 97.0 97.3 2.72
Small intestine, g 32.6 29.1 30.7 31.3 30.9 0.73
Small intestine, % 2.3 1.9 2.2 2.3 2.2 0.09
Duodenum, cm 17.8% 19.3% 16.5° 18.0% 17.9 0.57
Duodenum, g 8.2 7.9 6.8 7.5 7.6 0.30
Duodenum, % 0.6 0.6 0.5 0.5 0.6 0.03
Jejunum, cm 41.3 453 42.0 43.0 42.9 0.87
Jejunum, g 14.4 12.4 13.8 13.1 13.4 0.43
Jejunum, % 1.01 0.96 0.97 0.97 0.98 0.01
lleum, cm 38.5 39.3 32.2 36.0 36.5 1.60
lleum, g 10.0 8.8 10.0 10.6 9.9 0.38
lleum, % 0.7 0.7 0.7 0.8 0.7 0.03
Large intestine, cm 8.3 9.2 8.3 8.2 8.5 0.23
Large intestine, g 3.9 4.7 3.7 3.2 3.9 0.31
Large intestine, % 0.3 0.4 0.3 0.2 0.3 0.04
Cecum, cm 12.8 11.7 115 12.0 12.0 0.29

T1: Basal diet without antibiotics, T2: Basal diet with antibiotics, T3: Basal diet with probiotics, and T4: Basal diet without
antibiotics and water modified by a photoelectron generator

Table 4 Duodenal histomorphometry of Isa Brown pullets receiving diets with functional additives to replace
antibiotics from 7 to 14 weeks old

Treatments
SE

Histomorphometry T1 T2 T3 T4

Villus height 711.2 684.4 729.0 728.0 10.42
Villus width 83.6 87.9 79.2 102.0 4.94
Crypt depth 31.8 38.8 34.9 335 1.49
Crypt height/depth 22.3 18.8 20.9 21.9 0.78
Villus height\width 0.12 0.13 0.11 0.15 0.01

T1: Basal diet without antibiotics, T2: Basal diet with antibiotics, T3: Basal diet with probiotics, and T4: Basal diet without
antibiotics and water modified by a photoelectron generator

The intestinal microbiota is sensitive and dynamic. Thus, environmental conditions, nutritional status
and health challenges influence its composition and the interrelationship among the microorganisms. Studies
of dietary manipulations of the intestinal microbiota have produced contrasting results in laying hens and
broilers. The microbial challenge in experimental facilities may be low compared with that in commercial
poultry buildings. Typically, experimental sheds have longer sanitary breaks between batches of birds and
better hygiene than commercial facilities. These differences result in less microbial contamination in
experimental facilities than in commercial poultry houses. In studies of alternatives to antibiotics, contrasting
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results are often observed because of differences in the products and in the methodologies (Reis & Vieites,
2019). In the present study the absence of significant differences among treatments shows that the sanitary
challenge was low. Perhaps disproportionate colonization of the gastrointestinal tract by the beneficial
microbiota did not occur when the additives were supplied or when the water was modified.

The feed in this study was not contaminated with microorganisms because no colonies formed in 24
hours incubation on PDA (Figure 3). This feed had been kept frozen from the time it was prepared until this
assay was conducted. Likewise, samples from the litter in boxes of birds fed T2 generated no microbial
colonies. These samples would have almost certainly have produced colonies of microbes if incubated
longer. However, litter from the boxes of the T1, T3 and T4 produced 2.3 x 107, 2.9 x 10° and 1.9 x 10°
CFUs, respectively. The 24-hour incubation time was chosen to count the CFUs to show the potential
bactericidal and bacteriostatic characteristics of T2 (Pedroso et al., 2005).

Treatments
Feed T2 T1 T3 T4

Figure 3 Visualization of treatment differences in microbial colonies grown on bacteriological agar substrate
from samples of feed and litter

T1: Basal diet without antibiotics, T2: Basal diet with antibiotics, T3: Basal diet with probiotics, and T4: Basal diet without
antibiotics and water modified by a photoelectron generator

The lack of microbial growth seeded by litter from T2 suggests that residual effects prevented
microbial proliferation. However, the litter from T1, T3 and T4 showed significant microorganism
development, which suggested that these alternatives were natural and non-bactericidal. In contrast to the
results observed for T3, Brustolin et al. (2014) previously suggested that feeding probiotics to poultry might
help in controlling bacterial contamination in litter. It is thus speculated that the litter from T1, T3, and T4
would decompose in less time than litter from T2 and would cause less environmental impact. Many factors
can influence bacterial viability and multiplication in the litter of an aviary. These include water activity, pH,
temperature, humidity and the presence of ammonia, which may vary between methods of litter
management and treatment (Silva, 2006).

Hassanein and Soliman (2010) found a higher count of Lactobacillo sp. in the digestive tracts of laying
hens that were supplemented with probiotics. These hens also had reduced concentrations of Escherichia
coli, Klebsiella sp., Staphylococcus sp., Micrococcus sp., Campylobacter sp. and Closterdium in the ileum.
Abdelgader et al. (2013) found higher concentrations of Lactobacillus and Bifidobacterium in the ileum and
cecum of laying hens that had been fed probiotic, prebiotic, and symbiotic compared with an
unsupplemented control. The Clostridium sp. concentration was also reduced in these organs of hens that
were subjected to these treatments. Mountzouris et al. (2010) observed that including probiotics in diets for
broiler chickens promoted beneficial modulation of the cecal microbiota composition at 42 days old, but not
at 14 and 28 days old.
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Conclusion

The use of dietary alternatives to antibiotics was viable for semi-heavy laying hens during the growing
phase under the conditions of this study. However, even the unsupplemented T1 birds had a similar
performance to those birds whose diet was supplemented with an antibiotic. The T2 treatment hindered the
development of microorganisms in litter samples. On the other hand, the use of T3 and T4 promoted
microbiological development in litter samples, which suggested potential for its more rapid decomposition
and reduction of environmental impact. Because these augmentations are innovative, natural, and non-toxic,
and do not induce bacterial resistance, they may be alternatives to antibiotics. More research is needed to
determine their beneficial effects.
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