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Abstract - Feed costs constitute a major portion of
poultry production expenses, prompting interest in feed
additives that enhance nutrient utilization. Proteases, as
exogenous enzymes, have shown potential to improve
protein digestibility and support the immature digestive
systems of chick's birds. This study aimed to evaluate the
effects of protease enzyme supplementation in broiler
chicken diets, particularly in the context of Escherichia coli
(E. coli) K88 challenge.

This study investigated the effects of supplemental
exogenous protease enzyme on growth performance and gut
microbiota of broiler chickens under a reduced protein-
energy diet. A total of 200 broiler chicks one day age was
allocated into four groups (T1-T4), each with 50 birds, and
reared for 35 days. The experimental groups were fed
different diets, T1 control group, T2 reduce protein —
energy diets, T3 control with add 250g/ton of protease
enzyme and T4 add 250 g/ton of protease enzyme
supplementation to reduce protein — energy diets. Growth
parameters including body weight (BW), weight gain (WG),
feed intake (FI), and feed conversion ratio (FCR) were
monitored, along with microbial analysis of drop E. coli and
Lactobacillus counts.

The results indicated that protease supplementation of
(T3 and T4) significantly improved final body weight
(2169.02 g and 2186.81 g, respectively) and feed conversion
ratio (1.45 and 1.46) compared to control (T1: 1895.7 g,
FCR: 1.69). Feed intake was moderately increased in
supplemented groups, reflecting improved nutrient
utilization. Microbiological analysis showed a significant
reduction in E. coli count and a highly significant increase
in Lactobacillus populations in T4 compared to other
groups (p <0.001), indicating enhanced gut health.

In conclusion, dietary supplementation with exogenous
protease enzyme can effectively improve growth
performance and gut microbial balance in broilers fed low
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protein-energy diets, suggesting its beneficial role in
sustainable poultry nutrition.
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INTRODUCTION

HE chicken’s industry, particularly in recent years, the
escalation of feed ingredient prices, especially those

contributing energy, which constitutes around 70% of
diet costs, has prompted the investigation of techniques to
mitigate feed production expenses. Since they are the most
expensive components of the diet, one tactic is to reduce the
amounts of metabolizable energy (ME) and crude protein (CP).
As a result, several experiments were conducted to improve the
development in performance of broiler chicken and to reduce
costs by reducing the proportion of specific energy components
(1). Feed costs are estimated to contribute between 70% and
80% of the total cost of raising poultry. As a result, there is great
interest in feed additives that can improve nutrient availability
in feeds. The use of supplemental enzymes added to feed
represent one means of improving nutrient availability.
Exogenous enzymes are included in rations to improve
production efficiency and growth performance and have been
estimated to save the global feed market 3 to 5 billion USD a
year. Currently, the feed enzyme business has over 1 billion
USD in sales annually, with most of this accounted for by
phytases, proteases, and carbohydrases (2).

The digestibility of CP and amino acids (AA) in poultry diets
can be impaired by the presence of antinutritional factors (ANF)
in soybean meal (3). Protein digestibility values of food
ingredients reported in the literature suggest that there are
significant amounts of undigested protein that pass through the
gastrointestinal tract (GIT) (4). In view of the continuous
increase in the cost of protein ingredients, this part of
undigested protein can represent significant economic losses. In
addition, fractions of undigested proteins for animal feed can

104


mailto:zaid.riyadh@s.uokerbala.edu.iq
mailto:aliredha.a@uokerbala.edu.iq
mailto:lateef.e.k@uokerbala.edu.iq

" Kerbala Journal of Veterinary Medical Sciences, VVol. 1, Supplement I, 2025 **

ETD 2625
1558 3040540

""Proceedings of the 6th Scientific Conference, College of Veterinary Medicine, University of Karbala"

reach the hindgut, serving as substrates for the proliferation of
pathogens, such as Clostridium perfringens (5). Exogenous
protease supplementation has been shown to improve the
digestibility of CP and AA in poultry diets, helping to reduce
feed costs, environmental impact, and alterations to the chicken
gut ecosystems. The supplementation of chicken diets with
combinations of xylanases and proteases has been extensively
investigated (6,7). Proteases have the potential to improve
growth performance in poultry because the chicken’s pancreatic
protease activity is low at hatching and increases up to 21 days
of age. Due to the immaturity of chicks’ digestive (2).

Proteolytic enzymes (proteases) facilitate the breakdown of
proteins into amino acids through hydrolytic reactions. These
enzymes are classified based on the pH range in which they
exhibit peak activity. Acidic proteases are most effective in a
pH range of 25 to 3.5 and function primarily in the
proventriculus and gizzard. Neutral proteases perform
optimally at pH levels between 6.5 and 7, being active in the
duodenum and jejunum. In contrast, alkaline proteases show
maximum activity within a pH range of 7.2 to 7.8 and are
primarily active in the ileum (7).

It has been demonstrated that exogenous enzymes can change
gut morphology, pancreatic enzyme production and secretion,
the microbial populations along the GIT, and the short chain
fatty acid profile in the digesta. Previous work has shown that
the chicken gastrointestinal microbiome plays an important role
in intestinal development and can have a significant influence
on bird’s health and growth performance. Exogenous proteases
could change the extent that feed substrates are degraded and
modified in the chicken digestive system, and potentially
change the nutrients used by the chicken microbiota and the
chicken microbial population itself (8). Colibacillosis caused by
enterotoxigenic E. coli results in economic losses in the poultry
industry. Antibiotics are usually used to control colibacillosis,
however, E. coli has varying degrees of resistance to different
antibiotics (8) Incorporating protease into poultry feed has
gained attention due to its potential to enhance the digestibility
of proteins and amino acids, while also mitigating anti-
nutritional compounds like trypsin inhibitors, B-conglycinin,
and glycinin. This approach can be especially beneficial for
young chicks, whose endogenous protease activity may not yet
be fully developed (9). Research into protease has been mostly
focused on supplementation with other enzymes, while very
little research has been done on protease supplementation alone.
found that protease supplementation improved the gain to feed
ratio. The addition of protease improved growth performance
and apparent metabolizable energy in broilers. found that when
protease was added to lower CP diets in broilers, growth
performance, intestinal health, and carcass traits improved (2).
The current study will be aimed to evaluate the effects of
protease enzyme that will be supplemented to broiler chicken’s
diet Productive traits: (body weight, weight gain, feed intake,
feed conversation ratio) Bacterial count of drop (E. coli form
and lactobacillus).

Materials and Methods

This study was conducted to evaluate the effect of protease
enzyme on reduced protein - energy diet of broilers. Two
hundred broiler chickens 1-day-old 308 Ross divide into 4
equal groups (10):
T1: control group, T2: reduced protein- energy diet (100
Kcal /kg and 1% CP) (11), T3: control group with adding
250g/ton protease enzymes (12), T4: adding 250g/ton
protease enzyme in reduced protein- energy diet (100 Kcal
and 1% CP). The feed and water were provided ad libitum
(12,11), The environment and lightning were check daily
(13), the performance traits were recorded weekly

According to the ethical code number UOK.VET.
HE.2025.121 from the Scientific Council of the Department
of Public health, College of Veterinary Medicine,
University of Karbala, Irag.

RESULT & DISCUSSION

Table 1: This table shows the final body weight of broilers
at the end of the 35-day trial. The enzyme-supplemented
groups, especially T3 and T4, recorded significantly higher
body weights compared to the control group (T1), reflecting
improved growth performance.Impact of protease in
reduced energy diet on the BW (g) of broiler chickens
(Mean £ SD)

GrQups.
s T1 T2 T3 T4
42.06
Dayl. 424+299a 421+276a 41.4+2.74a +279a
Week1 1721+300b 15834369c 1737#3.12a 173'233'40
4473
Week2 4255+4667c 4054+403d  440.4+4.29b
+2.69a
844.06 +3 43 1019.6
Week3 9537 +491 ¢ y 903:371b 0190
Week4 14042+888b 1208.7+7.00c  1497.3+8.80a 1504:8'96
Weoks 19982%1667 17684x1647 2160.02¢3255 21868
b c a +41.92 a

Table 2: This table illustrates the effect of protease
supplementation on weekly and cumulative weight gain in
broilers during the experimental period. Groups T3 and T4
demonstrated clear superiority in weight gain (WG),
highlighting the enzyme’s role in offsetting the effects of
reduced dietary protein and energy. Effect of protease in a
low protein-energy diet on WG (g) of broiler chickens

ups.
m T T2 T3 T4

Weekl. 1206:250b 1161+11lc 1323:153a o-0or3O
Week 2  2534+626c 247.1+445d  266.6+3.71b 274.2+2.70a
Week3 4505:894b 3646:1009c COOTILSS 4844x34.24
Week4 52824746b 4386+506c 549.9¢6.10a O 223079

a
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Week 5 622.9«;25.49 566.6 +23.39 b 671.7;“25.73 682.8;45.45
WG 1895.7 1733.2+29.40 2127.6 2144.7+42.49
+25.10b b +33.19a a

Difference

Table 3: This table displays the average feed intake across
different dietary treatments under reduced-energy conditions,
with or without protease supplementation. A slight increase in
feed intake was observed in the treated groups, suggesting a
positive influence of the enzyme on feed palatability and/or
digestibility.

Impact of protease in a reduced protein-energy diet on feed
intake (FI) (g) in “broiler chickens" (Mean+SD)

ups.
Wes T1 T2 T3 T4
169.30 169.30 171.80
Weekl.  16783:063¢c 7y, +0.47 b +0.09 2
338.62 34158 344.4+0.04
Week2 34946282 +1.63 ¢ +4.40 be ab
722.26 743.46 74580
Week3 801221282 g, +12.43 b +0.07 b
Weaks B9B541656 83290 839.42 842,54
a +0.06 b +1681b  +2040b
Weaks 1056713940 97590 999.96 1025.98
a +0.05d +1.11¢c +32.04 b
. 3273.3040 3038.98 3094.22 313052
+1294a +3.43 d +1714c  +4157b

Table 4: This table presents the effect of adding protease
enzyme to a reduced protein-energy diet on the feed conversion
ratio (FCR) of broiler chickens. Four dietary treatments were
compared. The results showed a notable improvement in feed
efficiency in the enzyme-supplemented groups, particularly T3,
indicating enhanced nutrient utilization.

Effect of protease in a reduced protein- energy diet on the FCR
of broiler chickens (Mean + SD)

Comparison CF(B)/ng) ch:V\:er U[():pler vrfllje Significance
G2-G1 41.33 30.00 52.66 <0.001 kek
G1.-G3. 1.67 12.00 8.66 0.950 Ns
Gl1-G4 8.33 18.66 2.00 0.130 Ns
G2-G3 43.00 53.33 32.66 <0.001 xRk
G2-G4 49.66 60.00 39.33 <0.001 kek
G3-G4 6.66 17.00 3.66 0.250 Ns

oups

o T1 T2 T3 T4
131+
Weekl.  129%00lc 145%00la 1274011d gt
Week2  137+004a 1374002a 128+003b 125 ;0'01
Week3  177#002b  198#002a  146+003¢c 23 :0'06
Week4  1704004b  189:006a 152+004c +7/4 ;)-'0'10
Week5  169+00la 175400la 145:002b 146 ;0'02
E. coli

Table 5: This table presents the differences in E. coli colony
counts among the treatment groups after 30 days of feeding. A
significant reduction in E. coli populations was observed in the
protease-treated groups, particularly T3 and T4, compared to
the untreated group T2, which showed the highest bacterial
load.[14]

Cl= confidence interval
CFU= colony forming unit
e ns: “Not significant” (p > 0.05)
e *: “Significant” (p < 0.05)
e **: “Highly significant” (p <0.01)
o EEIEEIX “Very highly significant” (p <0.001)

Lactobacillus

Table6: This table focuses on the count of Lactobacillus in
broiler droppings after 30 days. Protease supplementation,
especially in group T4, significantly increased Lactobacillus
levels, indicating a positive shift in gut microbiota toward
beneficial bacterial populations. [15]

Difference Lower  Upper .
Comparison (log cl Fépl vaﬂue Significance
CFU/mL)
- < *kk
G2-G1 0.17 0.10 0.24 0.001
G1-G3 0.04 0.11 0.03 0.400 Ns
< *khk
G4-G1 1.29 1.22 1.36 0.001
< *kk
G2-G3 0.21 0.28 0.14 0.001
<
G4 -G2 112 1.05 1.19 0.001 faleie
<
G4-G3 1.33 1.26 1.40 0.001 il

Cl= confidence interval

CFU= colony forming unit

ns: “Not significant” (p > 0.05)

*: “Significant” (p < 0.05)

**: “Highly significant” (p < 0.01)

wAdAAHE: “Very highly significant” (p < 0.001)

The current study investigated the effects of supplemental
exogenous protease enzyme on the growth performance of
broiler chickens fed a reduced protein-energy diet over a 5-
week period. The results clearly demonstrated that dietary
supplementation with protease improved feed conversion
ratio (FCR), feed intake (FI), and body weight gain (WG),
particularly under reduced nutrient conditions.

Group 2, which was fed a diet with reduced protein and
energy  without enzyme  supplementation, showed
significantly lower weight gain and poorer FCR compared to
the control (Group 1). This finding aligns with previous
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studies indicating that protein and energy reduction 2) LOURENCO,J. M.,NUNN, S.C., LEE,E.J., DoVE, C.R,,

negatively impacts broiler growth performance due to CALLAWAY, T. R., & AzAIN, M. J. (2020). EFFECT OF

insufficient nutrient availability for optimal metabolism and SUPPLEMENTAL PROTEASE ON GROWTH PERFORMANCE
growth (16 ,17). AND EXCRETA MICROBIOME OF BROILER CHICKS.

Interestingly, Group 4 (reduced protein-energy diet + MICROORGANISMS, 8(4), 475.
protease enzyme) exhibited significant improvements in body 3) ABUCABOS, A. (2010). ENZYME SUPPLEMENTATION
weight gain and FCR compared to Group 2. This suggests that OF CORN-SOYBEAN MEAL DIETS IMPROVES
protease supplementation can effectively compensate for the PERFORMANCE IN BROILER CHICKEN. INTERNATIONAL
nutrient deficiency by enhancing the digestibility and JOURNAL OF POULTRY SCIENCE, 9(3), 292-297.
availability of dietary proteins(18). These results are consistent 4) LEMME, A., RAVINDRAN, V., & BRYDEN, W. L. (2004).
with the findings of (11), who reported that exogenous protease ILEAL DIGESTIBILITY OF AMINO ACIDS IN FEED
improves amino acid digestibility and nitrogen retention in INGREDIENTS FOR BROILERS. WORLD'S POULTRY
broilers. SCIENCE JOURNAL, 60(4), 423-438.

Furthermore, Group 3 (control + protease) also recorded 5) WILKIE, D. C., VAN KESSEL, A. G., WHITE, L. J,,
performance enhancements compared to the control group LAARVELD, B., & DREw, M.D. (2005). DIETARY
alone, indicating that even under normal nutrient conditions, AMINO ACIDS AFFECT INTESTINAL CLOSTRIDIUM
protease supplementation offers additional benefits, likely PERFRINGENS POPULATIONS IN BROILER CHICKENS.
through improved nutrient utilization efficiency (19). CANADIAN JOURNAL OF ANIMAL SCIENCE, 85(2), 185-
The improved feed conversion ratio observed in Groups 3 and 193.

4 indicates more efficient use of feed for body mass 6) WEALLEANS, A. L., ASHOUR,R. A., IsHmMAIS, M. A. A.,
development, which is particularly valuable in commercial AL-AMAIREH, S., &GONZALEZ-SANCHEZ, D. (2024).
poultry production aiming for cost-effectiveness. COMPARATIVE  EFFECTS OF PROTEASES ON

In addition to growth performance, the current study also PERFORMANCE, CARCASS TRAITS AND GUT STRUCTURE
assessed the impact of exogenous protease supplementation on OF BROILERS FED DIETS REDUCED IN PROTEIN AND
intestinal microbiota, specifically E. coli and Lactobacillus AMINO ACIDS. JOURNAL OF ANIMAL SCIENCE AND
counts after 30 days. The results indicated a significant TECHNOLOGY, 66(3), 457.
modulation of gut microbial populations. 7) SINGH, A. K., TIwARI, U. P., BERROCOSO, J. D.,

Group 2 recorded a significant increase in E. coli colony DERSJANT-LI, Y., AWATI, A., & JHA, R. (2019).
counts compared to the control, suggesting that nutrient EFFECTS OF A COMBINATION OF XYLANASE, AMYLASE
deficiency may compromise gut microbial balance and allow AND PROTEASE, AND PROBIOTICS ON MAJOR
pathogenic bacteria to proliferate. Conversely, both enzyme- NUTRIENTS INCLUDING AMINO ACIDS AND NON-
supplemented groups showed reduced E. coli counts, with STARCH POLYSACCHARIDES UTILIZATION IN BROILERS
Group 4 exhibiting the most pronounced decrease when FED DIFFERENT LEVEL OF FIBERS. POULTRY SCIENCE,
compared to Group 2. These findings are consistent with 98(11), 5571-5581.
previous research indicating that protease supplementation may 8) SIPANY, S. 2021. PROTEASE ENZYME IN POULTRY
improve gut health by reducing undigested protein substrate, FEED. HTTPS://EN.ENGORMIX.COM/POULTRY-
which otherwise promotes the growth of pathogenic bacteria INDUSTRY/ARTICLES/PROTEASE-ENZYME-POULTRY-
such as E. coli (20). FEED-T47804.HTM. ACCESSED (5 FEBRUARY 2023)

On the other hand, Lactobacillus counts were significantly 9) ZHANG, L., ZHANG, L., ZHAN, X. A., ZENG, X., ZHOU,
higher in Group 4 compared to all other groups. This suggests L., Cao, G, ... & YANG, C. (2016). EFFECTS OF
a beneficial effect of protease on promoting beneficial gut flora, DIETARY  SUPPLEMENTATION  OF  PROBIOTIC,
likely due to improved protein digestion and a more favorable CLOSTRIDIUM BUTYRICUM, ON GROWTH
gut environment (17). PERFORMANCE, IMMUNE RESPONSE, INTESTINAL

Overall, these microbial findings support the performance BARRIER FUNCTION, AND DIGESTIVE ENZYME ACTIVITY
data, suggesting that protease not only improves nutrient IN  BROILER CHICKENS CHALLENGED  WITH
utilization but also contributes to gut health by reducing ESCHERICHIA COLI K88. JOURNAL OF ANIMAL SCIENCE
pathogenic bacteria and enhancing beneficial ones. This dual AND BIOTECHNOLOGY, 7, 1-9.
effect may explain the superior growth observed in protease- 10) WALK, C. L., V. PIRGOZLIEV, K. JUNTUNEN, M.
supplemented groups, particularly under nutrient-deficient PALOHEIMO, AND D. R. LEDOUX. 2018. EVALUATION
conditions. OF NOVEL PROTEASE ENZYMES ON GROWTH

PERFORMANCE AND APPARENT ILEAL DIGESTIBILITY OF
REFERENCE AMINO ACIDS IN POULTRY: ENZYME SCREENING.
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