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Abstract

This study evaluated the effects of a Bacillus-based direct-fed microbial on broiler perfor-
mance, excreta properties, and the impact on the survival of house fly larvae. A completely
randomized design was used comprising two dietary treatments: (1) basal standard broiler
diet (CON) and (2) CON + Amnil® at 500 PPM (AMN). Each treatment consisted of
48 replicate cage pens, each containing six male chicks, and were raised until 23 d of
age. The average body weight (BW), feed consumption (FC), and feed conversion ratio
(FCR) were measured weekly. On d21, blood was collected via the brachial vein for the
measurement of corticosterone (CORT) concentrations and heterophil/lymphocyte ratio
(H/L). Poultry excreta was collected three times on d14, d18, and d23. Excreta properties
were evaluated using proximate analysis. For fly assessment, two assays were conducted:
(1) oviposition and (2) fly larval development. For oviposition, adult house flies were pro-
vided with a choice between excreta from chicks fed with and without Amnil. For fly larval
development, 100 fly larvae (<12 h old) were fed either control excreta or excreta from birds
fed Amnil. The data were subjected to ANOVA to determine the treatment differences.
BW was higher (p = 0.05) in the AMN group on d 14, but no other differences were found
at any other time points. Additionally, BW-adjusted feed conversion ratio was improved
(p = 0.046) in the AMN group. Excreta from the AMN group had lower (p < 0.05) moisture,
pH, Zinc, Neutral Detergent Fiber, and Acid Detergent Fiber on d18 and lower (p < 0.05)
pH and Zn on d 23. No statistical differences (p > 0.05) were observed in the CORT and
H/L ratios. There were no differences (p > 0.05) between treatments for preference in
oviposition. However, flies showed a significant preference for colonizing bird excreta
at d23 than at d14 or d18, regardless of Amnil use. For the development experiment, a
reduction (p < 0.001) of 32.2% in resulting pupal survival was observed when excreta from
birds fed AMN compared to the control. In conclusion, AMN supplementation improved
cumulative FCR and modified the properties of excreta, resulting in the disturbance of
normal oviposition and reduction in the survival of fly larvae compared to the CON group.

Keywords: probiotic; excreta; house fly; broiler; performance

1. Introduction
Direct-fed microbials (DFMs), which are derivatives of various microbiota, are feed

additives used to improve growth performance, gut health, and immune function in
broilers [1]. DFMs have been found to produce an array of extracellular enzymes that
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increase the degradation of complex feed molecules and increase the absorption of nutrients,
such as low-quality proteins and fats, present in the diet in the gastrointestinal tract of
poultry [2]. DFMs are also known to inhibit the growth of certain bacteria in poultry, such
as Escherichia coli and Salmonella, which are considered food-borne pathogens [2]. DFMs
have also been found to alter the fecal microbiome of poultry. DFMs can increase bacterial
diversity to promote a more favorable bacterial metabolic load, which increases broiler feed
utilization [2]. However, there is a lack of information evaluating the potential role of DFM
in the internal and external environments of birds, considering the production of noxious
gases, excreta management, and pest control.

The house fly, Musca domestica, L. (Diptera: Muscidae), is a constant health issue in
livestock production, especially poultry [3]. Many commercial poultry production facilities
house numerous birds, leading to copious amounts of excreta being available for house fly
colonization and production [4]. Larvae present in the waste can be consumed by chickens,
resulting in inadequate nutrition [3] and illness due to pathogens [5]. Larvae that survive
to the adult stage disperse from livestock facilities and enter homes, where they become a
nuisance [5]. They are also known to serve as vectors for numerous pathogens of humans
and other vertebrate species, which increases their recognition as pests [6].

Traditional commercial broiler houses are intensive systems that house a large number
of broilers on absorbent materials, such as wood shavings, which eventually become a
mixture of shavings, excreta, and feathers. Traditionally, laying hens have been raised in
suspended wire cages, where excreta drops onto a concrete floor [4]. However, cage-free
laying hen systems have become more popular and typically include aviaries, which are
open floor areas with nesting boxes where hens can move freely [4]. During the cleanout of
any of the different poultry housing systems, the manure is typically moved to an outside,
covered location for eventual removal from the farm to be used as fertilizer or compost [4].
The breeding of flies (Diptera) in poultry houses depends on the level of dryness of the
excreta [7]. Caged layers usually show an increase in fly population compared to broiler
houses because of the accumulated excreta on the slats under the cages. Broiler house
litter is typically drier than layer house litter because the type of flooring absorbs the
excreta [7]. Typically, flies lay eggs on poultry excreta because excreta contains roughly
60–80% moisture [8]. To reduce the fly population, producers need to keep excreta as
dry as possible, with moisture levels of approximately 30% [7,8]. This goal is achieved
by frequently removing excreta or litter from poultry houses and keeping it in a covered
location away from the houses or by ensuring that there are no water leaks in the barns or
in the water lines [7,8]. In 2019, the economic impact of flies on both broilers and layers was
calculated to be approximately 27.67 million USD, mostly due to expenses for pesticides to
control house flies [4].

Ideal conditions for house fly breeding consist of poor hygiene and hot and humid
environments, making manure from livestock farms suitable for breeding [9]. Poultry
excreta contains a lower carbon-to-nitrogen ratio and increased amounts of volatiles that are
essential for larval growth and development [9]. Moisture, pH, and microbial communities
are important substrates for oviposition and larval development [10]. Although there is no
research in poultry, lowering the pH and bacterial concentration in calf bedding material
reduced larval house fly survival [11]. In poultry, lowering the pH of the gastrointestinal
tract increases protein digestion and reduces bacterial communities [12]. The presence of
pathogenic bacteria results in nutrient fermentation, which leads to high fecal moisture
content and loss of vital nutrients [12]. DFMs have been proven to facilitate the degradation
of low-quality proteins and fats that would otherwise not be digested in the diet and
decrease moisture levels within the excreta [2]. Litter moisture from fecal matter has been
decreased by DFMs, indicating a proper digestion process [13]. DFMs are also known to
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lower pH through acid fermentation and decrease the pathogenic bacterial load within the
gut and excreta [1,14]. Because of the gastrointestinal influence of DFMs on poultry, it can
be hypothesized that DFMs would have a negative impact on the ideal breeding conditions
and colonization of flies that poultry excreta usually present to house flies. Therefore, the
present study was conducted to determine whether a commercially available Bacillus-based
DFM would decrease fly colonization and survivorship on excreta from broilers fed a diet
containing the DFM.

2. Materials and Methods
Broilers were managed according to the Guide for the Care and Use of Agricultural

Animals in Research and Teaching [15]. All the experimental methods were approved by
the Texas A&M Institutional Animal Care and Use Committee (AUP # #2023-0293).

2.1. Experimental Design and Animal Husbandry

A total of 576 Cobb male (Cobb-Vantress, Timpson, TX, USA), day of hatch chicks av-
eraging 43 g in weight were used in this study. A complete randomized block (cage level in
the battery) design was utilized, consisting of two treatments with 48 replicate cage pens per
treatment and six birds per pen. Broilers were reared in four stainless steel battery brooders
in two environmentally controlled rearing rooms at the Texas A&M University Poultry
Science Research Center for 23 d. Broilers were raised in 96 (60.96 × 30.48 × 40.64 cm)
battery cages, each cage pen containing a water line with two nipples per pen and a
stainless-steel trough feeder. The battery cages were four cages tall and three cages wide
and were double-sided. Each cage contained wire flooring with a stainless-steel tray below
the wiring to collect feces. Fecal trays were cleaned every week after excreta were collected
to assess the survival of house flies. Feed and water were offered ad libitum throughout
the experiment. The temperature was set to 35 ◦C and gradually reduced to 23.3 ◦C by the
end of the trial based on the birds’ comfort. The lighting program was 20 h of light from
d 0–7 and decreased to 18 h from d 8–23.

2.2. Experimental Diets and Ingredients

The treatments consisted of a commercial basal diet (Table 1) used as a control (CON)
or the CON diet supplemented with DFM (Amnil®, United Animal Health, Sheridan, IN,
USA) (AMN) at a rate of 500 ppm (7.4 × 104 cfu/g feed). Amnil is a DFM that contains
multiple strains of Bacillus subtilis and Bacillus licheniformis. The basal diet was sent to
Midwest Laboratories (Omaha, NE, USA) for proximate analysis (Table 2). Reported
methods for analysis are as follows: Moisture (AOAC 930.15), Dry Matter (AOAC 930.15),
Crude Protein (AOAC 990.03), Crude Fat (AOAC 2003.05), Acid Detergent Fiber (ADF;
ANKOM Tech), Ash (AOAC 942.05), Calcium (AOAC 985.01), and Sodium (AOAC 985.01).
There was only one feeding phase (Starter d 0–23) and food was offered as crumbles. All
the feeds were manufactured by the Texas A&M feed mill (College Station, TX, USA).

Table 1. Basal diet composition.

Ingredient (%) Starter 0–23 d

Yellow Corn 48.65
DDGS 1 5.00

Soybean Oil 3.50
Soybean Meal 39.07

Vitamin premix 2 0.25
Trace Mineral premix 3 0.05

Limestone 1.38
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Table 1. Cont.

Ingredient (%) Starter 0–23 d

Mono-Dical Phosphate 1.55
Salt (NaCl) 0.26

L-Lysine HCL 0.04
DL-Methionine 0.25

Calculated nutrients (%)
ME (kcal/kg) 3000
Crude Protein 24.3

Crude Fat 6.0
Crude fiber 3.4

Calcium 0.9
Available P 0.45

Digestible Lysine 1.22
Digestible Methionine + Cysteine 0.91

Digestible Threonine 0.80
Digestible Arginine 1.48

Sodium 0.16
1 DDGS, distillers dried grains with solubles. 2 Vitamin premix added at this rate yields per kg of diet: 11,023
IU vitamin A, 46 IU vitamin E, 3858 IU vitamin D3, 1.47 mg menadione, 2.94 mg thiamine, 5.85 mg riboflavin,
45.93 mg niacin, 20.21 mg d-pantothenic acid, 7.17 mg pyridoxine, 0.55 mg biotin, 1.75 mg folic acid, 0.017 mg
vitamin B12, 130.6 mg choline. 3 Mineral premix added at this rate yields per kg of feed: 7 mg copper, 0.4 mg
iodine, 60 mg iron, 60 mg manganese, 60 mg zinc.

Table 2. Proximate analysis of basal diet 1.

Starter Units

Moisture 12.61 %
Dry Matter 87.39 %

Protein (Crude) 21.1 %
Fat (Crude) 5.67 %

Fiber (Acid Detergent) 1.2 %
Ash 6.27 %

Calcium (total) 1.38 %
Sodium (total) 0.10 %

1 Proximate analyses completed by Midwest Laboratories.

2.3. Growth Parameters

Growth and production variables were measured on days 7, 14, and 21. Body weight
(BW) and feed consumption (FC) of birds were measured for each pen, and the mortality-
corrected feed conversion ratio (FCR) was calculated. BW, FC, and FCR were then calculated
as an average per bird. The feed was weighed prior to being added to the trough feeders
in each pen, and the residual feed was weighed back. The feed conversion ratio was
calculated by dividing the total feed intake per pen by the total body weight gain per pen
and correcting for mortality. To eliminate the confounding effect of BW variation on feed
efficiency, the cumulative FCR (0–21) was also adjusted for a common BW of 888.9 (average
BW of the CON). Mortality was recorded daily, and BW was registered.

2.4. Stress Parameters

Blood (3 mL) was collected from one bird per pen on d 21 (n = 96) from the brachial
wing vein. Once blood was collected, a small drop of blood from each sampled bird was
smeared on a glass microscope slide (VWR, 48300-026, VWR International, Radnor, PA,
USA) for heterophil-to-lymphocyte (H/L) ratio analysis. Blood smear slides were stored in
a slide container for later on-site analysis. The remaining blood was injected into a blood gel
and lithium heparin vacutainer (BD 367961, BD, Franklin Lakes, NJ, USA) for corticosterone
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(CORT) analysis. Once all the blood samples had been collected, samples were then spun
down using a centrifuge (Eppendorf, 5804, Eppendorf North America, Hauppauge, NY,
USA) at 4000 rpm for 15 min to separate plasma and blood cells. Each plasma sample was
then poured into a 2 mL microcentrifuge tube (VWR, 20170-355, VWR International, Radnor,
PA, USA) and stored at −19 ◦C for later on-site analysis. Corticosterone concentrations in
each sample were analyzed using a commercially available ELISA kit (Enzo, ADI-901-097,
Farmingdale, NY, USA).

2.5. Excreta Properties

Excreta samples collected were a composite of a level tray under 2 pens (n = 48)
that was thoroughly mixed and homogenized with 1 lb of homogenized excreta and then
collected per tray. Excreta were the combined solid and liquid waste products eliminated by
birds, consisting primarily of feces and uric acid-rich urine excreted together via the cloaca.
To ensure there were enough excreta samples for fly evaluation at three time points, samples
for excreta properties were only collected on days 18 and 23. These excreta samples were
then frozen and sent to Midwest Laboratories (Omaha, NE, USA) to be evaluated through
proximate analysis. Dry matter (AOAC 930.15), pH (EPA 9045C), P (AOAC 985.01), K
(AOAC 985.01), S (AOAC 985.01), Zn (AOAC 985.01), acid detergent fiber (ADF; ANKOM
Tech), and neutral detergent fiber (NDF; ANKOM Tech/AOAC 2001.11) were measured
and analyzed. All the results were reported on a dry-matter basis.

2.6. Fly Control Assessment

Poultry excreta was collected on d 14, 18, and 23 and was less than 24 h old at the time
of collection for each time point. Excreta were stored in a freezer at −20 ◦C. Approximately
12 h prior to use, the excreta were removed from the freezer and allowed to thaw and reach
room temperature. After thawing, the excreta were stored at 4 ◦C until fly feeding. Excreta
were collected from birds fed with diets with or without Amnil.

2.6.1. House Fly Colony

House flies used in the fly control assessment portion of this trial came from a colony
maintained at the Forensic Laboratory of Investigative Entomological Sciences (F.L.I.E.S.)
Facility of Texas A&M University. This colony originated from adults collected from the
Texas A&M Poultry Science Research Center and was maintained in a 30 × 30 × 30 cm
cage at approximately 25 ◦C on a 14:10 L:D cycle. Flies were provided water in addition to
a 2:1 sugar:milk powder mixture (Great Value® Brand, Wal-Mart® Stores, Inc., Bentonville,
AR, USA) ad libitum. Water was provided ad libitum in a 236 mL jar, with a paper towel as
a wick.

2.6.2. House Fly Oviposition Preference Experiment

To determine the impact of Amnil in poultry excreta on the oviposition choice of
adult house flies, containers (473 mL plastic cup containing 100 g excreta assigned to
the previous treatments defined) were randomly assigned in a mesh red pop-up tent
(81 cm × 81 cm × 136 cm), which contained approximately 200 (50:50 ♂:♀) 7–9 d old adult
house flies reared according to the previous section. Excreta preparation was similar to the
above description, with excreta in place of Gainesville in the black cloth bag. Water was
provided as previously described. After 24 h, the treatments were removed, and the egg
masses were collected using a fine-tip paint brush, placed in a weigh boat, and weighed
on an Ohaus Adventurer™ Pro (Ohaus, Parsippany, NJ, USA) scale to calculate the egg
mass weight, which was used to estimate the total number of eggs. This experiment was
performed with three cage replicates.
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2.6.3. House Fly Development Experiment

To collect eggs, approximately 100 g of the Gainesville diet (50% wheat bran, 30%
alfalfa meal, and 20% corn meal) [16] at 70% moisture was placed inside a black piece of
T-shirt cloth, balled up, and secured with a rubber band. This was placed inside a 473 mL
plastic deli container (Uline, Pleasant Prairie, WI, USA) with a damp paper towel loosely
covering the Gainesville ball. The cup was placed inside a 30 × 30 × 30 cm cage (BioQuip
Products, Rancho Dominquez, CA, USA) for 8 h, which housed gravid adult flies. The cup
with the Kimwipe® was removed from the cage, the cloth was unfolded, and the eggs were
collected using a paintbrush. The eggs were transferred to a 100 mm Petri dish containing
a piece of moistened filter paper. The Petri dish was placed inside a plastic food container
(16.1 × 17.7 × 10.5 cm) and stored in a Percival Scientific Incubator (Perry, IA, USA) at
26 ◦C, 60% RH, and 16L:8D (light:dark) until larval eclosion (<1 h old), when they were
transferred to the appropriate treatment.

The methods involved feeding 100 first-instar house flies either control excreta or
excreta containing Amnil. Briefly, house fly larvae were given 18 g of excreta in 500 mL
plastic cups every other day until mature third instars were recorded. Each treatment was
replicated five times in four trials. Each trial was performed using a separate fly generation.
The replicates were housed in an incubator, as previously described. The pupae were
observed every 24 h. Once pupae were observed in a replicate, a breathable mesh lid was
placed on top of the container until adult emergence. Emerging adult flies were removed
and counted each day. Observations were continued until three consecutive days of no
adult emergence.

2.7. Statistical Analysis
2.7.1. Poultry Analysis

One-way ANOVA was used to determine the effects of treatment on BW, FC, FCR,
mortality, CORT concentration, and H/L ratio. Prior to analysis, the assumptions of
normality and homogeneity of variance were tested using the Shapiro–Wilk test and
Levene’s test, respectively, and were satisfied. When the ANOVA indicated a significant
effect, Tukey’s post hoc test was used for separation of means. All the analyses were
performed using Minitab 22 (Minitab, LLC, State College, PA, USA). Data are expressed as
mean ± SEM, and p ≤ 0.05 was used to determine significant differences.

2.7.2. House Fly Analysis

The statistics were run in RStudio (R v.4.2.1). A residuals vs. fitted plot and a Q-Q
plot were used to check for homogeneity and normality. An ART ANOVA was used to
determine the significance of the treatments related to oviposition preference. Tukey’s
separation of means test was used with an alpha of 0.05. A linear mixed model (lme4
package) with trial as a random factor and treatment and time as fixed factors was used
to examine the generated development and survivorship data. Separation of means was
accomplished using emmeans and Tukey correction (p< 0.05).

3. Results
3.1. Growth Parameters

The results for body weight, feed consumption, FCR, and mortality are presented in
Table 3. AMN had higher BW on d 14, but no other differences (p > 0.05) in body weight
were observed at any other time point. FC from d 14–21 was lower (p = 0.045) in AMN
birds, but no other differences (p > 0.05) were found at any other phase for FC. After 7 days
on treatment, the birds in AMN showed a higher (p < 0.05) FCR compared to the CON
group, but no other differences (p > 0.05) were found between the treatment groups at any
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other phases for FCR. However, cumulatively, the body weight adjusted FCR improved
(p = 0.046) by 2.5% in the AMN treatment. No treatment differences were observed in
mortality (p > 0.05).

Table 3. Performance results of broilers fed Bacillus-based DFM supplementation 1,2.

Variable Treatment
p-Value SEM

BW (g) CON AMN

D 0 43.8 43.7 0.10 0.70
D 7 191.2 191.7 0.90 1.9

D 14 467.6 b 484.9 a 0.05 0.36
D 21 888.9 902.8 0.36 7.5

FC (g/b/d)

D 0–7 21.9 22.6 0.17 0.24
D 7–14 46.9 48.5 0.18 0.59
D 0–14 34.4 35.5 0.09 0.33

D 14–21 103.2 a 100.7 b 0.045 0.61
D 0–21 57.1 57.2 0.81 0.26

FCR

D 0–7 1.045 b 1.079 a 0.01 0.007
D 7–14 1.215 1.165 0.15 0.017
D 0–14 1.149 1.131 0.31 0.009

D 14–21 1.737 1.807 0.50 0.051
D 0–21 1.432 1.421 0.62 0.011

D 0–21 A 3 1.432 a 1.396 b 0.05 0.012

Mortality (%)

D 0–7 0.0 0.0 — 0.0
D 7–14 1.04 0.35 0.31 0.34
D 0–14 1.04 0.35 0.31 0.34

D 14–21 0.34 0.35 0.99 0.73
D 0–21 1.39 0.70 0.41 0.80

1 CON, control; AMN, CON + 500 ppm of Amnil. 2 FC, feed consumption; FCR, feed conversion ratio. 3 Body
weight adjusted FCR to 888.9 g. a,b means with different superscripts within a row differ (p < 0.05).

3.2. Stress Parameters

The total plasma CORT concentrations and H/L ratios are shown in Table 4. No
differences (p > 0.05) were observed between treatments in either CORT concentration or
H/L ratio at the end of the study.

Table 4. Total plasma corticosterone concentrations and H/L ratio of broilers fed Bacillus-based DFM
supplementation 1 on Day 21.

Treatment Corticosterone
Concentrations (pg/mL)

Heterophil/Lymphocyte
Ratio

CON 1835 0.40
AMN 1651 0.43

p-Value 0.68 0.14
SEM 299 0.01

1 CON, control; AMN, CON + 500 ppm of Amnil.
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3.3. Excreta Properties

The excreta properties results are presented in Table 5. Excreta from the AMN group
had lower (p < 0.05) moisture content, pH, Zn, NDF, and ADF at 18 d and lower (p < 0.05)
pH and Zn at 23 d.

Table 5. Proximate analysis results for excreta day 18 and 23 1.

Day 18 Day 23

Variable CON AMN SEM p-Value CON AMN SEM p-Value

Dry
Matter % 26.48 b 29.42 a 0.94 0.045 22.83 24.37 0.83 0.213

pH 5.92 a 5.41 b 0.04 <0.001 6.06 a 5.70 b 0.05 <0.001
P % 3.41 3.28 0.06 0.159 3.54 3.32 0.07 0.052
K % 4.08 3.92 0.06 0.112 3.95 3.82 0.08 0.279
S % 0.55 0.56 0.01 0.379 0.57 0.58 0.01 0.654

Zn ppm 391.04 a 336.53 b 6.88 <0.001 390.90 a 335.89 b 9.81 0.001
ADF % 11.65 a 10.84 b 0.21 0.021 11.07 11.34 0.34 0.600
NDF % 25.36 a 23.07 b 0.46 0.003 26.28 25.65 0.49 0.386

1 CON, control; AMN, CON + 500 ppm of Amnil; all the results expressed on a dry matter basis. a,b means with
different superscripts within a row differ (p < 0.05).

3.4. Fly Control Assessment

The results of the oviposition assay are shown in Figure 1. No significant differences
(p > 0.05) were observed between the treatments, regardless of the date of collection for the
oviposition assay. However, significant differences in oviposition were observed across
days, with up to three times more eggs deposited on the excreta collected on day 23.

Figure 1. Number of house fly eggs deposited on each treatment from excreta collected from broilers
at 14, 18, and 23 days of age. Asterisks indicate significant differences (p < 0.05). Bars represent
mean ± SEM.

The results of the development assay are shown in Figure 2. A significant difference
(p < 0.05) was observed in the survival rate to the pupal stage. In the first two time
points, survival to the pupal stage was decreased in the AMN treatment (26.22 ± 20.49;
37.78 ± 25.99%). Survival from the pupal to adult stage was not affected at any of the time
points tested (p > 0.05).
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Figure 2. House fly immature survivorship to pupal and adult stages for larvae fed excreta with and
without Amnil. Asterisks indicate significant treatment effects at a given time point (p < 0.05). Bars
represent mean ± SD.

4. Discussion
Many studies have examined the utilization of DFMs in commercial broilers and

their effects on gut health and performance [1,2,14,17]. Direct-fed microbials have been
proven to be efficient in increasing growth parameters, such as BW gain, lowering FCR,
and being an adequate alternative to antibiotics [1,2,17,18]. These improvements have
been attributed to the production of extracellular enzymes that increase digestibility and
absorption of nutrients, including low-quality proteins and fats [2]. Improvements in
intestinal morphology and microbial balance that support efficient nutrient absorption
have also been observed in Bacillus-based DFMs [17]. In the current study, BW was only
higher in AMN broilers on d 14, and body weight-adjusted FCR improved in the AMN
group by 2.5%. However, not all the studies report consistent benefits to performance,
as Waititu et al. found that a Bacillus-based DFM failed to improve growth performance
when supplemented to the broiler diet, despite increasing apparent metabolizable energy,
dry matter, and fat retention [19]. This suggests improvements in nutrient retention do
not always translate directly into improved performance, and that basal diet composition
may also play a role, as Waititu et al. [19] utilized a wheat-based diet that contains higher
amounts of non-starch polysaccharides than the corn-soybean meal-based diet used in the
current study.

Corticosterone and heterophil/lymphocyte ratios are typical stress measurements
when studying stress parameters in broilers [20]. Glucocorticoids can influence the H/L
ratio, so when broilers experience stressors, these glucocorticoids can alter the heterophil-to-
lymphocyte ratio [20]. DFMs are thought to influence the hypothalamic–pituitary–adrenal
(HPA) axis indirectly through the gut–brain axis, where gut microbiota and their metabolites
modulate corticosterone secretion by influencing the central nervous system [21]. DFMs
reduce intestinal permeability and translocation of microbiota that would otherwise trigger
systemic stress and inflammatory responses, leading to elevated corticosterone [21]. In
the current study, corticosterone measurements and H/L ratios on d 21 indicated no
differences between the two treatments. In the controlled, low-challenge environment
used in this study, baseline corticosterone and H/L ratio may have been at homeostatic
levels, leaving little room for AMN supplementation to demonstrate measurable stress
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mitigation. Additionally, the cage-housing system utilized in this study may have limited
environmental variability relative to floor-pen housing. Together, this could explain why
the findings in the current study do not align with other studies reporting reduced stress
and improved welfare with DFM supplementation in poultry [22,23]. In a study conducted
on Pekin ducks, corticosterone levels and H/L ratios were lower in ducks supplemented
with a Bacillus-based DFM, indicating that DFM supplementation can mitigate stress under
different conditions [24].

Amnil clearly impacted the development of house fly immatures in poultry excreta.
Interestingly, fly oviposition preference was not observed across treatments within the day
of collection but across the days of collection, which is most likely due to the moisture
differences recorded, with older excreta having a greater moisture content. Indeed, flies
depend on these secretions within feces for nutrition and adequate places to lay eggs [8].
Moisture, pH, and microbial communities are important substrates in oviposition and
larval development [10]. In this study, excreta from broilers fed Amnil had a decrease in
moisture content, pH, zinc, ADF, and NDF within the day; however, moisture content
on d 23 was greater than that for other treatments (i.e., excreta collected earlier). Each
of these changes is consistent with a distinct aspect of how DFMs are thought to alter
nutrient utilization. The decrease in ADF and NDF likely reflects the DFMs’ ability to
improve enzyme activity, including cellulases that improve fiber digestion, resulting in
less undigested fiber reaching the excreta [2]. The reduction in pH is consistent with the
relationship between gastrointestinal pH and digestive efficiency, as a pH reduction in
the gastrointestinal tract increases protein digestion and limits proliferation of pathogenic
bacteria [12]. Pathogenic bacteria lead to nutrient fermentation and result in high fecal
moisture content and the loss of vital nutrients [12]. A reduction in pathogenic load
following AMN supplementation with reduced fermentable substrates from more complete
protein and fat digestion could explain the lower moisture levels in excreta observed in
the AMN treatment [2]. The decrease in zinc is particularly notable, as Bacillus species
are known to produce phytase that liberates phytate-bound minerals from plant-based
feedstuffs, and microbial phytase has been shown to increase zinc bioavailability and reduce
zinc excretion in broilers [25,26]. These changes indicate improved nutrient utilization and
excreta quality. This could result in reduced ammonia and a less favorable environment
for harmful microbes and flies to thrive. In the current study, survival to the pupal stage
decreased by approximately 50% during the first two time points. Survival from the pupal
to the adult stage was not affected, indicating that if the larvae survived to the pupal stage,
they were most likely to emerge as adults. House fly larvae development is dependent on
moisture levels, bacterial composition, nutritional value, and pH [10]. Therefore, a Bacillus-
driven shift in the excreta microbial community, pH, and moisture level could reduce the
nutritional resources available and create a less favorable environment for developing
larvae [1,2,13,14]. There were no differences in oviposition, indicating that the female flies
still laid eggs, but the AMN group decreased the survival rate to the adult stage. There was
an increase in oviposition on day 23 excreta compared to the other time points, indicating
that flies preferred to lay eggs on excreta from older broilers. House flies have highly
sophisticated sensory systems, with olfactory cues being the most important for female
house flies to select oviposition sites, as well as moisture and excreta-oriented volatiles
that create suitable proxies for larval food [9]. This attraction to older broiler excreta is
potentially due to the increase in moisture and pH levels in excreta as broilers age [27].
This increase in moisture and pH would be expected to elevate ammonia and microbial-
derived volatiles, strengthening the olfactory cues flies use to identify favorable oviposition
sites [9,27]. This could explain why oviposition was not affected by AMN supplementation
while larval survival was, since oviposition site selection and larval survival are controlled
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by separate systems; with female flies responding to olfactory cues for egg laying and
larval survival depending on the nutritional and microbial conditions of the substrate they
are laid on. Bacillus-based DFMs have also been shown to reduce nitrogen and hydrogen
sulfide emissions [28]. The reduction in these foul odors could reduce the attractiveness of
feces to flies.

5. Conclusions
Poultry farms always employ strategies to mitigate flies, partly to reduce the risk of

spreading diseases. In this study, the DFM treatment decreased the moisture, pH, and
acid detergent fiber content of excreta. The DFM also decreased the house fly population
by decreasing the survival rate of larvae to the pupal stage. These findings support the
hypothesis that a DFM can impact the survival of house fly larvae. Given that there is
limited research on how DFMs can impact house fly populations in poultry, this study
provides foundational evidence for DFMs as a potential for supporting growth performance
and fly management. Future research should include further investigation in commercial-
scale settings.
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