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Abstract 

This study aims to evaluate the effects of a protease combination with a precision biotic on body 

weight gain (BWG) and feed conversion ratio (FCR) of broilers from day 0 to 42. 1,400 Cobb 500 

male chicks were reared on seven different diets, including an unrestricted positive control (PC–

Diet 1) and a negative control (NC–Diet 2) with slightly reduced crude protein, apparent 

metabolizable energy (AME), and digestible amino acids. Five additional treatment diets were 

formulated using the negative control and varying concentrations of a protease (Diets 3-4; 33ppm 

and 50ppm, respectively) and in combination with a precision biotic (Diets 5-7; 33ppm + 

700ppm; 50ppm + 500ppm; and 50ppm + 700ppm, respectively). The PC treatment showed 

significantly different feed intake and FCR compared to all other treatments in all production 

phases (P < 0.05). There are no significant differences in non-PC treatments in all production 

phases for BWG and FCR (starter p=0.230 and 0.300; grower p=0.443 and 0.237; finisher 

p=0.450 and 0.896; overall p=0.111 and 0.497, respectively), nor is there any in terms of 

mortality (p=0.800). These findings may provide valuable information to producers to optimize 

flock performance efficiently and cost-effectively. 
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Introduction 

Poultry production in the United States remains 

a powerhouse in the production of meat protein 

among the big three livestock species in both 

volume and affordability (ERS, 2023). However, 

the looming global economic downturn in the 

wake of the COVID-19 pandemic (Ma et al., 

2021; Ziliak, 2021) and the constant threat of 

avian influenza transmission to supply chains, 

animals, and personnel health (Wu et al., 2019; 

Haider et al., 2023) have significantly impacted 

this high production output and efficiency. As a 

result, it has become more important than ever 

for poultry producers and affiliated industries to 

seek highly efficient and cost-effective choices to 

continue producing high-quality and affordable 

protein. Feed additives and supplements 

intended to enhance animal feed consumption, 

performance, and other health aspects have thus 

become a staple in the industry. The use of such 

products, which widely range from plant-

extracted phytogenic compounds and prebiotics 

to live probiotics, has been suggested to improve 

feed efficiency and animal productivity, as well as 

confer some degree of protection against 
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pathogenic bacteria (Windisch et al., 2008; Van 

Immerseel et al., 2019; Abdelli et al., 2021).  

In recent years, with a renewed interest in a 

reduced protein and apparent metabolizable 

energy (AME) diet for broilers to reduce costs and 

environmental impact in various production 

settings (Berres et al., 2010; Awad et al., 2019), 

several classes of additives and supplements 

such as proteases and precision biotics have 

seen increased attention to their usage and 

evaluation. In the case of proteases, such 

exogenous enzymes have long been suggested to 

aid in the digestion of dietary proteins within the 

animal’s internal environment for absorption, 

thus increasing the digestibility efficiency of 

these proteins and amino acids while reducing 

animal nitrogen emissions compared to a 

standard diet (Ghazi et al., 2002; Freitas et al., 

2011; Leinonen and Williams 2015; Duque-

Ramirez et al., 2023). Precision biotics, on the 

other hand, belong to an entirely novel approach 

called microbiome metabolic modulators, which 

aim to influence specific metagenomic functions 

of the animal’s microbiome and its metabolic 

pathways rather than associated taxa through 

the use of tailored oligosaccharides (Human 

Microbiome Project 2012; Walsh et al., 2021). 

The varying glycosidic linkages and chain sizes 

in said glycans can further modulate the 

production of short-chain fatty acids and 

nitrogen metabolism pathways in the animal’s 

gastrointestinal microbiome. Ultimately, 

intended outcomes of precision biotics usage 

include – but are not limited to – improvements 

to animal health and performance in a manner 

more consistent than the sole modulation of 

microbial taxa alone (Pourabedin and Zhao 

2015), which have been known to vary 

significantly between individuals of similar 

health status and stability in microbiome-related 

metabolic pathways (Human Microbiome Project 

2012). Indeed, usage of precision biotics has 

been shown to positively impact broiler welfare 

and performance, with observed reduction in 

footpad lesions as well as reductions in litter pH 

and ammonia content (Jacquier et al., 2022). 

Despite this, current literature examining 

interactions between these two classes of 

supplements remains scarce due to their novelty 

in the market. Furthermore, as the research 

topic of broiler bacterial chondronecrosis with 

osteomyelitis has gained traction in recent years 

(Wideman, 2016; Alrubaye et al., 2020; 

Asnayanti et al., 2024), there is an increased 

need to evaluate whether the intensive lighting 

regimen often used in the respective induction 

models can influence bird performance and 

mortality.   

Therefore, this study aimed to evaluate the 

performance of additives produced by DSM-

Firmenich (Plainsboro, NJ, USA) belonging to 

these two classes and their combination with 

regard to broiler bodyweight gain (BWG) and feed 

conversion ratio (FCR) throughout an industry-

standard grow-out age from day 0 to day 42 (d0-

d42) under an intensive lighting regimen 

(23L:1D). We hypothesize that these different 

treatment combinations may not be significantly 

different in terms of mentioned conventional 

performance metrics. Results obtained from this 

study will provide additional insights into the 

potential interaction between such products and 

provide both researchers and producers with 

valuable information that helps them make 

informed decisions in their evaluation and 

operations. 

Material and methods 

Animal use 

All animal use was approved by the University of 

Arkansas Institutional Animal Care and Use 

Committee (IACUC) under protocol #22024.  

Experimental design 

Environment: The study took place at the 

University of Arkansas Poultry Research Facility 

(A232E) from September 4 to October 15, 2022. 

A total of 1,400 Cobb 500 male chicks were 

allotted to 70 pens (density of 20 chicks/pen with 

equalized bird weight). The dimensions of each 

pen are 1.52 m in length and 1.22 m in width 

(total area of 1.85 m2). Each pen is equipped with 

1 hanging pan feeder and 5 nipple drinkers, with 

accessory feed trays provided for the initial 

brooding stage from d0 to d7. Clean, fresh water 

and allotted diet treatments were provided ad 

libitum for the entirety of the study. House 

temperature ranges were automatically 

controlled with an automated Chore-Time® 

Chore-Tronics® 2 system (Chore-Time, Milford, 

Indiana) using a standard daily grow-out curve 

with the following thermoneutral targets: 32.2°C 

from d1-d3; 31°C from d4-d6; 29°C from d7-d10; 

26°C from d11-d14; and 23°C after that. The 

photoperiod was set at 23L:1D throughout the 

trial. 

Dietary Treatments: The components, 

allocation, and replication number of all dietary 
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treatments involved in the study are outlined in 

Table 1. Ingredients and nutritional contents of 

the positive control (PC) and reduced negative 

control (NC) diets are outlined in Tables 2 and 3 

according to Cobb 500 standard breed 

performance specifications and 

recommendations (Cobb-Vantress Inc. 2022).

Table 1: Diet treatment group allocation of the study. 

Treatment Description Animals/replicate Replicates Animals/treatment 

1 Positive Control (PC; conventional diet) 20 10 200 

2 Negative Control (NC; reduced diet) 20 10 200 

3 NC + 33ppm Protease 20 10 200 

4 NC + 50ppm Protease 20 10 200 

5 NC + 33ppm Protease + 700ppm Precision Biotic 20 10 200 

6 NC + 50ppm Protease + 500ppm Precision Biotic 20 10 200 

7 NC + 50ppm Protease + 700ppm Precision Biotic 20 10 200 

 

All dietary treatments were prepared at the 

University of Arkansas Feed Mill to commercial 

specifications with detailed information 

regarding vitamin and mineral premixes and 

ingredient inclusion levels. All feed was mixed 

using a 2-ton vertical mixer with ingredients pre-

ground with a hammer mill. Pelleting was 

processed using a California Pellet Mill (CPM 

Holdings, Crawfordsville, Indiana) with a 30-

second conditioning time at 160oF/71.11oC. 

Throughout the study, experimental birds 

received the following feeding program: starter 

crumbles (d0-d14), grower pellets (d15-d29), 

and finisher pellets (d30-d42). Feeder levels were 

checked daily and appropriately replenished to 

ensure adequate bird access to feed. Table 2 

details the ingredients of PC and NC diets in the 

study. 

Recorded Parameters. Post transportation, 

all bird weights were recorded on a per-pen basis 

on d0 to ensure equalized treatment pen 

distribution. In the same manner, bird weighing 

was also conducted at the end of each phase 

(d14, d29, and d42, respectively). Feed weights 

were recorded before, during, and after each 

phase on a per-pen basis, along with any 

necessary transitional replenishment weight 

that took place. Mortality was checked, removed, 

and weighed every shift daily, with adjustments 

factored into final BWG and FCR calculations. 

Data Analyses: Data were entered and 

processed using Microsoft® Excel (Microsoft 

Corporation, Redmond, WA, US) from which 

average bird BWG, feed intake (FI), and FCR 

values per treatment between each phase, as 

well as on an overall timeline, were calculated. 

Further comparative analyses of each treatment 

diet, including ANOVA and Tukey’s HSD mean 

comparison where statistical significance was 

found, were also conducted using JMP® Pro 17 

(SAS Institute, Cary, NC, US) at α=0.05. 

Potential outliers for each treatment group were 

screened using the screening function provided 

by the same statistical software and evaluated 

based on development throughout all 

production phases. 

Results 

ANOVA and post hoc Tukey’s HSD mean 

comparisons between all treatments in the 

study and with PC-excluded are listed in Tables 

4 and 5, respectively, after the removal of a 

single outlier replication in treatment 5. Within 

BWG measurements, treatment 1 (PC) was 

significantly higher than treatment 4 in the 

grower phase (d15-d29; PC=1.354 kg±0.029; T4 

=1.200 kg±0.029; p=0.012) and treatment 7 on 

an overall timescale (d0-d42; PC=3.562 kg ± 

0.035; T7=3.392±0.035; p=0.016). Within FCR 

calculations, PC was significantly lower than all 

other treatments on an overall timescale (d0-

d42; PC=1.429±0.008; p<0.0001). Within FI 

levels, treatments 3 and 4 saw slightly higher 

average feed consumption than Treatments 5, 7, 

and PC (p=0.029) in the starter phase, but there 

were otherwise no significant differences in 

measured FI levels across diet treatments. 

Reflecting additional sampling protocols, two 

birds were added to each treatment in addition 

to naturally occurring mortalities. Contingency 

analysis of mortality between treatments shows 

no significant differences (p>0.05), as outlined in 

Table 6.
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Table 2: Ingredient content of positive control and negative control diets involved in the study. 

 Starter Grower Finisher 

Ingredients, %  PC NC PC NC PC NC 

Corn 56.66 64.38 62.83 69.15 66 69.85 

SBM 38.50 31.69 32.60 26.67 29.22 25.62 

Soy oil 1.77 0.64 1.58 0.75 2.13 1.65 

Limestone 1.02 1.04 0.98 1.00 0.92 0.93 

Dicalcium phosphate 0.99 1.05 0.88 0.93 0.69 0.72 

Salt 0.41 0.38 0.40 0.38 0.40 0.40 

Potassium carbonate - - - 0.22 - 0.13 

Sodium bicarbonate 0.11 0.14 0.12 0.14 0.12 0.12 

Broiler mineral premix 0.10 0.10 0.10 0.10 0.10 0.10 

Broiler vitamin premix1 0.03 0.03 0.03 0.03 0.03 0.03 

Choline chloride, 60% - - 0.07 0.09 0.06 0.07 

HiPhos 5000 GT2 0.01 0.01 0.01 0.01 0.01 0.01 

Zoamix3 - - 0.05 0.05 - - 

L-Thr 0.11 0.13 0.07 0.09 0.06 0.05 

DL-Met 0.22 0.19 0.18 0.16 0.17 0.13 

L-Lys 0.07 0.15 0.10 0.16 0.10 0.11 

Sand - 0.08 - 0.08 - 0.08 

Total 100 100 100 100 100 100 

1The vitamin premix contained (per kg of diet): vitamin A, 1.5169 IU; thiamine, 4.9541 IU; riboflavin, 2.2837 IU; niacin, 

30.4981 IU; pyridoxine, 2.8092 IU; pantothenic acid, 10.8931 IU; folic acid, 0.1553 IU. 2HiPhos 5000 GT, dsm-firmenich, 

Parsippany, NJ. 3Zoamix, Zoetis, Parsippany, NJ; PC= positive control; NC=negative control. 

 

Table 3: Nutritional content of positive control and negative control diets involved in the study. 

Calculated composition* Starter Grower 

 

Finisher 

 

Item PC NC PC NC PC NC 

ME, kcal/kg 2975.00 2975.00 3025.00 3025.00 3100.00 3100.00 

Crude protein 23.18 20.72 20.92 18.74 19.58 18.21 

Lys,  digestible 1.22 1.12 1.10 1.01 1.02 0.94 

Phe+Tyr,  digestible 0.48 0.54 0.53 0.58 0.55 0.58 

Thr,  digestible 0.83 0.76 0.72 0.66 0.66 0.61 

Arg,  digestible 1.49 1.31 1.33 1.17 1.24 1.14 

Ile,  digestible 0.88 0.78 0.79 0.70 0.74 0.69 

Leu,  digestible 1.94 1.81 1.82 1.70 1.75 1.68 

Val,  digestible 0.89 0.82 0.83 0.76 0.79 0.75 

Trp,  digestible 0.22 0.19 0.20 0.17 0.18 0.17 

Gly,  digestible 0.22 0.24 0.24 0.26 0.25 0.26 

His,  digestible 0.60 0.55 0.55 0.51 0.52 0.50 

Phe,  digestible 1.29 1.15 1.17 1.04 1.09 1.02 

Ca,  total 0.90 0.90 0.84 0.84 0.76 0.76 

P,  available 0.45 0.45 0.42 0.42 0.38 0.38 

Na,  total 0.20 0.20 0.20 0.20 0.20 0.20 

* % unless otherwise noted; PC= positive control; NC=negative control.
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Table 4: Comparison of calculated body weight gain, feed intake, and feed conversion ratio means 

between all treatment diets involved in the trial. 

 

  

Treatment 

BWG (kg) 

D0-14 D15-29 D30-42 D0-42 

1 – PC 0.479±0.015 1.354±0.029a 1.729±0.036 3.562±0.035a 

2 – NC 0.508±0.015 1.229±0.029ab 1.753±0.036 3.490±0.035ab  

3 0.485±0.015 1.229±0.029ab 1.714±0.036 3.428±0.035ab 

4 0.489±0.015 1.200±0.029b 1.778±0.036 3.467±0.035ab 

5 0.471±0.016 1.239±0.031ab 1.729±0.038 3.439±0.037ab 

6 0.478±0.015 1.290±0.029ab 1.761±0.036 3.529±0.035ab 

7 0.453±0.015 1.258±0.029ab 1.681±0.036 3.392±0.035b 

P-value 0.277 0.012 0.558 0.016 

   FI (kg) 

1 – PC 0.624±0.010 1.918±0.018 2.601±0.029 5.143±0.044 

2 – NC 0.639±0.010 1.887±0.018 2.683±0.029 5.208±0.044 

3 0.664±0.010 1.870±0.018 2.647±0.029 5.179±0.044 

4 0.658±0.010 1.887±0.018 2.677±0.029 5.222±0.044 

5 0.619±0.011 1.842±0.019 2.583±0.031 5.128±0.047 

6 0.648±0.010 1.900±0.018 2.670±0.029 5.218±0.044 

7 0.626±0.010 1.841±0.018 2.610±0.029 5.078±0.044 

p-value 0.029* 0.096 0.271 0.201 

  FCR 

1 – PC 1.308±0.015b 1.416±0.045 1.515±0.024 1.429±0.008b 

2 – NC 1.349±0.015ab 1.496±0.045 1.543±0.024 1.479±0.008a 

3 1.372±0.015ab 1.522±0.045 1.546±0.024 1.492±0.008a 

4 1.349±0.015ab 1.623±0.045 1.514±0.024 1.487±0.008a 

5 1.336±0.016ab 1.509±0.047 1.539±0.026 1.480±0.008a 

6 1.362±0.015ab 1.481±0.045 1.535±0.024 1.472±0.008a 

7 1.386±0.015a 1.463±0.045 1.555±0.024 1.475±0.008a 

p-value 0.025 0.071 0.854 <0.0001 

BWG = Body weight gain (in kg); FI = Feed Intake (in kg); FCR = Feed Conversion Ratio. Treatment means are expressed as 

means ± SEM. Significant P-value reported at threshold of <0.05. Non-connecting superscripts denote significant differences 

between treatments. *Significant differences were reported with ANOVA but not post-hoc. Diet treatments are as follows: 1- 

Positive Control (PC; conventional diet), 2 - Negative Control (NC; reduced diet), 3 - NC + 33ppm Protease, 4 - NC + 50ppm 

Protease, 5 - NC + 33ppm Protease + 700ppm Precision Biotic, 6 - NC + 50ppm Protease + 500ppm Precision Biotic, and 7 - 

NC + 50ppm Protease + 700ppm Precision Biotic. 

Discussion  

The inclusion of feed additives to enhance 

performance and beneficial health aspects of the 

animal has become a popular choice for many 

producers aiming to maximize production 

efficiency in their operations. These products 

range widely in application, from antioxidants 

and pre/probiotics intended to enhance animal 

growth functions to specific enzymes that allow 

greater feed digestibility and bioavailability 

(Abdelli et al., 2021; Bampidis et al., 2023). 

Additionally, research efforts in the improved 

utilization of low-protein poultry diets have been 

revitalized within the past several years, further 

highlighting the use of such feed additives for the 

foreseeable future. When properly formulated 

and fortified with appropriate amino acids, the 

use of such diets has been shown to maintain 

similar performance levels and gastrointestinal 

epithelial strength in the bird compared to 

standard rates of crude protein inclusion (Kidd et 

al., 2021). While synergistic effects between feed 

additives are highly desirable to achieve optimal 

cost-to-performance efficiency, much of this 

information remains elusive and requires 

continuous research effort to elucidate an 

answer. This study thus aims to examine the 

potential synergy between several dsm-

Firmenich feed additives, including a protease 

and a precision biotic (PB) product, and their 

overall effects on broilers grown to market age at 

42 days.  



57  

Table 5: Comparison of calculated body weight gain, feed intake, and feed conversion ratio means between 

non-PC treatment diets involved in the trial. 

Treatment 
BWG (kg) 

D0-14 D15-29 D30-42 D0-42 

2 – NC 0.508 ± 0.016 1.229 ± 0.031 1.753 ± 0.036 3.490 ± 0.035 

3 0.485 ± 0.016 1.229 ± 0.031 1.714 ± 0.036 3.428 ± 0.035 

4 0.489 ± 0.016 1.200 ± 0.031 1.778 ± 0.036 3.467 ± 0.035 

5 0.471 ± 0.016 1.239 ± 0.033 1.711 ± 0.038 3.440 ± 0.037 

6 0.478 ± 0.016 1.290 ± 0.031 1.761 ± 0.036 3.529 ± 0.035 

7 0.453 ± 0.016 1.258 ± 0.031 1.681 ± 0.036 3.392 ± 0.035 

p-value 0.230 0.443 0.450 0.111 

 FI (kg) 

2 – NC 0.639 ± 0.010 1.887 ± 0.018 2.683 ± 0.028 5.208 ± 0.045 

3 0.664 ± 0.010 1.870 ± 0.018 2.647 ± 0.028 5.179 ± 0.045 

4 0.658 ± 0.010 1.887 ± 0.018 2.677 ± 0.028 5.222 ± 0.045 

5 0.627 ± 0.010 1.876 ± 0.019 2.625 ± 0.030 5.128 ± 0.045 

6 0.648 ± 0.010 1.900 ± 0.018 2.670 ± 0.028 5.218 ± 0.045 

7 0.626 ± 0.010 1.841 ± 0.018 2.610 ± 0.028 5.078 ± 0.045 

p-value 0.029* 0.301 0.371 0.159 

 FCR 

2 – NC 1.349 ± 0.016 1.496 ± 0.048 1.543 ± 0.025 1.479 ± 0.008 

3 1.372 ± 0.016 1.522 ± 0.048 1.546 ± 0.025 1.492 ± 0.008 

4 1.349 ± 0.016 1.623 ± 0.048 1.514 ± 0.025 1.487 ± 0.008 

5 1.336 ± 0.017 1.509 ± 0.050 1.546 ± 0.026 1.483 ± 0.009 

6 1.362 ± 0.016 1.481 ± 0.048 1.535 ± 0.025 1.472 ± 0.008 

7 1.386 ± 0.016 1.463 ± 0.048 1.555 ± 0.025 1.475 ± 0.008 

p-value 0.300 0.237 0.896 0.497 

Abbreviations: BWG = Body weight gain (in kg); FI = Feed Intake (in kg); FCR = Feed Conversion Ratio. Treatment means 

are expressed as means ± SEM. Significant p-value reported at threshold of <0.05. Non-connecting superscripts denote 

significant differences between treatments. * Significant differences were reported with ANOVA but not post-hoc. Diet 

treatments are as follows: 1- Positive Control (PC; conventional diet), 2 - Negative Control (NC; reduced diet), 3 - NC + 33ppm 

Protease, 4 - NC + 50ppm Protease, 5 - NC + 33ppm Protease + 700ppm Precision Biotic, 6 - NC + 50ppm Protease + 500ppm 

Precision Biotic, and 7 - NC + 50ppm Protease + 700ppm Precision Biotic. 

 

Table 6: Mortality comparison between all study treatments from d0-42. 

Group number Treatment  

Mortality 

Number % 

1 Positive control (PC; conventional diet) 31 15.5 

2 Negative control (NC; reduced diet 30 15 

3 NC + 33ppm Protease 25 12.5 

4 NC + 50ppm Protease 27 13.5 

5 NC + 33ppm Protease + 700ppm Precision Biotic 33 16.5 

6 NC + 50ppm Protease + 500ppm Precision Biotic 27 13.5 

7 NC + 50ppm Protease + 700ppm Precision Biotic 23 11.5 

 

 

As summarized in Table 4, while FI levels 

mostly indicate significant differences between 

the treatment groups, an exception was observed 

within the grower stage (d0-d14; p=0.029). 

However, these differences were not detected 

during post hoc analysis and became 

insignificant in subsequent production phases, 

as well as on an overall timescale. This suggests 

differences between numerical values that may 

be too small for conservative post hoc analyses to 

detect, which should be approached with caution 

without much closer individual examination due 



58  

to this small weight. ANOVA and mean 

comparisons of average broiler FCR and BWG in 

Table 4 confirmed that the PC treatment group 

had the lowest FCR at 1.429 ± 0.008 and the 

highest body weight gain of 3.562 ± 0.035 kg over 

42 days. These findings are in line with 

expectations, as the PC diet was formulated to 

industry standards with no dietary restrictions, 

reduced crude protein content, and amino acids, 

growth promotants, or prebiotics. With the 

removal of the PC treatment, the remaining six 

treatments saw similar performance in FCR and 

BWG (Table 5). Within FCR comparisons, there 

are no significant differences between NC and the 

remaining treatment groups 3-7, suggesting 

similar performance and effectiveness of 

included feed additives and their combinations in 

broiler FCR over 42 days of age. The same result 

is shared with BWG analysis, where all non-PC 

treatments performed similarly (Table 5). The 

single instance in which significant differences in 

FI were identified among non-PC was – again – 

within the grower stage (d0-d14; p=0.029), which 

could be attributed to small variance as birds age 

and grow accustomed to the housing 

environment and eventually stabilize. This 

observation agrees with the general 

understanding of modern broiler physiology, 

where the most drastic growth takes place 

between the third and fifth weeks of age. Results 

presented in the current study are also 

consistent with some aspects of literature 

regarding the use of similar feed additive classes, 

particularly with respect to a lack of significant 

differences in broiler BWG in most production 

phases and on an overall timeline (Walsh et al., 

2021; Jacquier et al., 2022). There are no 

significant differences in mortality between all 

treatment groups, as shown in Table 6. As 

evaluation of mortality rates has been a reliable 

tool of the industry, both for production and 

research in diagnosing flock health status that 

may otherwise be ambiguous (Jackson et al., 

1972; Chauhan, 1996), this observation further 

cements similarities between diet treatments.  

Interestingly, on an overall timescale (d0-

d42), treatment 6, which has an inclusion level 

of 50 ppm protease (PROT) and 500 ppm 

Precision Biotic (PB), saw generally higher 

numerical BWG, FI, and the lowest calculated 

FCR among non-PC treatments. Similar to the 

reported findings by Jacquier et al. (2022), 

improved performance metrics were observed 

with varying inclusion levels of a similar glycan-

based PB (Jacquier et al., 2022). While there is a 

lack of distinct differences between treatments in 

terms of productive performance in examined 

additive combinations herein, it remains to be 

seen if there exist any synergistic effects between 

these two classes of additives, particularly with 

regard to feeding amino acid digestibility and 

animal nitrogen utilization. Exogenous 

proteases’ main benefit in the broiler diet 

revolves around increased protein digestibility 

from peptide bond cleaving (Ward, 2011), 

resulting in more efficient nutrient and nitrogen 

utilization in a reduced protein diet, as well as 

lower nitrogen waste emission levels. 

Considering PB’s main mode of action, which 

aims to influence host metabolism via the 

production of short-chain fatty acids essential to 

gastrointestinal microbial energy and nitrogen 

usage (Walsh et al., 2021), there are grounds to 

believe in the unexplored interplay between 

proteases and PB/microbiome metabolic 

modulators. Further research effort is warranted 

to elucidate these potential effects – such as the 

inclusion of a dietary tracer element in treatment 

diets (like titanium dioxide) that can be recovered 

(Sprigg et al., 2023), from which digestibility 

levels between treatments can be compared, as 

well as measurement of emitted ammonia levels 

indicative of nitrogen waste produced by the bird. 

Although the presented findings indicate 

similar performance between NC treatment diet 

types and combinations, several factors may 

have imparted some degree of influence on the 

overall results and thus warrant adjustments or 

closer examination in future studies of similar 

topics. First, the period in which this study took 

place (September 4 to October 16, 2022) saw 

recorded temperature ranges that were higher 

than usual, in which the first three weeks of bird 

growth experienced the hottest days, ranging 

from 26.67°C to 35.56°C, which may have 

adversely affected the birds even with automated 

thermal regulators in the housing environment. 

In terms of photoperiod evaluation, the prolonged 

intensive lighting regimen used in the study 

(23L:1D) did not seem to have any significant 

effect on mortality between treatments (p 

=0.800). As findings in the current literature 

regarding the effect of prolonged photoperiod on 

broiler health and performance remain 

ambiguous and inconclusive (Arowolo et al., 

2019; Nelson et al., 2020; Magee et al., 2022) 
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with potential benefits in both intermittent and 

prolonged photoperiod during periods of high 

productive growth (Nelson et al., 2020), this 

remains a possible confounding factor that may 

warrant a closer look in subsequent performance 

studies. With regards to the impact such a 

prolonged lighting regimen may have on bird 

mortality in the context of BCO research, 

however, this finding implicates a lack of 

significant effects on this parameter. In turn, this 

further affirms its rationale as a stressful 

housing environment condition essential to BCO 

induction and pathogenesis. Despite these points 

of consideration, all birds in this study were 

subjected to the same conditions, as indicated by 

the absence of differences in FI levels at older 

ages, similar mortality rates among all treatment 

groups, and consistent observations of normal 

bird health and behavior throughout the study. 

Nonetheless, future research on the same topic 

may benefit from a schedule that takes into 

consideration the high-temperature ranges 

during late summer to early autumn, as well as 

the inherent differences between a prolonged and 

intermittent lighting program on the birds, to 

better evaluate the differences between feed 

additives of interest. 

Conclusions 

In conclusion, with the exception of the positive 

control diet, all other treatment diets involved in 

this study did not cause significant differences in 

BWG or FCR, and thus these diets are assumed 

to elicit similar performance. While there may 

exist several confounding factors related to 

seasonality and environmental conditions during 

the study, observation of normal animal health 

and behavior, as well as low mortality rates in all 

treatments, suggest the non-significance of said 

factors. Future research on similar additives may 

benefit from a closer examination of digestibility 

and levels of nitrogen utilization between 

treatments. Research design may also benefit 

from planning that avoids high-temperature 

months and allows for a comprehensive look into 

the effects of photoperiod on broiler intake and 

performance. 
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