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ABSTRACT This study was conducted to estimate
the effects of exogenous protease on performance, eco-
nomic evaluation, nutrient digestibility, fecal score,
intestinal morphology, blood profile, carcass traits,
and meat quality in broilers fed normal diets and
diets considered with matrix value. A total of 90,
one-day-old Arbor Acres broiler chickens were ran-
domly allocated to 3 dietary treatments with 6 repli-
cates and each replicate of 5 broiler chickens.
Treatments were as follows: 1) Basal diet (positive
control, PC), 2) Basal diet formulated with full Pro-
Act 360 matrix at 50 g/MT without addition of Pro-
Act 360 (negative control, NC), 3) NC + 50 g/MT
ProAct 360 (PA). Supplementation of exogenous

protease to nutrient deficient NC diet by matrix val-
ues (PA) tended to increase growth performance and
significantly improved intestinal morphology com-
pared with the NC group. The PA group had signifi-
cantly lower fecal score, and higher ATTD of crude
protein and amino acids than those of the NC group.
Furthermore, supplementation of exogenous protease
to NC diet decreased feed cost, resulting in improved
profit margin. However, there was no significant dif-
ference on carcass yield and relative organ weight. In
conclusion, supplementation of exogenous protease
using matrix value could be used as economic addi-
tive to improve growth, profit margin, digestibility,
and gut health in broiler chickens.
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INTRODUCTION

Globally, feed consumed by poultry contributes
nearly half (463 million metric tons; about 47%) of total
feed production annually (Algaisi et al, 2017,
Mottet and Tempio, 2017). Especially, as the poultry
industry continues to grow rapidly, availability of feed-
stuffs starts to be gradually limited, thereby increasing
the prices of feed ingredients in recent years (Qi et al.,
2022). In addition to higher demand from developing
countries and competition with biofuel energy produc-
tion, global feed prices are sustainably increased
(Leroy et al., 2016).

It was estimated that feed costs constitute up to 69%,
and the total cost of protein ingredients is about 65 to
70% of the total feed costs in intensive poultry
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production systems (Mallick et al., 2020). Also, protein
ingredients are related to environmental pollution due
to nitrogen excretion and ammonia volatilization
(Attia et al., 2020). Thus, many researchers have been
studying to increase amino acid utilization of protein
sources and alleviate negative effects on the environ-
ment. The exogenous enzyme is one of the best ways to
improve the bioavailability of nutrients in ingredients
and eliminate antinutritional factors (Veldzquez-
De Lucio et al., 2021). Actually, the supplementation of
enzymes increased growth performance and crude pro-
tein digestion in broiler chickens (Gracia et al., 2003;
Moftakharzadeh et al., 2017; Saleh et al., 2019).

In particular, the supplementation of exogenous pro-
teases is one of the effective ways to overcome the
above-mentioned problems. Previous research reported
that the addition of protease improved protein digest-
ibility and reduced nitrogen excretion, thereby increas-
ing growth performance and reducing environmental
impact (Canogullari et al., 2009; Vieira et al., 2013;
Ndazigaruye et al., 2019; Siegert et al., 2019).
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Matrix value which is associated with commercial
enzyme represents the amount of nutrients that could be
released when the enzyme is supplemented to diets.
According to the results of Bedford and Cowieson (2020),
a diet containing nonstarch polysaccharide degrading
enzyme (NSPase) might boost the energy level of the
diet by 100 kcal/kg. If it is only contained at 100 mg/kg,
dietary energy density is increased by 100,000 kcal/kg,
which is 10 times more than that of fat. For phytase, the
amount of calcium (Ca) and available phosphorus (Ave
P) increased about 0.09 to 0.10% when phytase was
added to diets (Denbow et al., 1995; Mitchell and
Edwards, 1996). Consequently, the use of exogenous
enzyme in diets could be more economical ways to con-
sider the matrix value of protease by reducing the usage
of feed. However, previous studies have been conducted
to investigate the effects of enzyme supplementation,
including protease on growth performance and nutrient
digestibility in broiler chickens by adding enzymes over
on top of diets without any consideration of matrix val-
ues for the enzymes (Ndazigaruye et al., 2019).

Therefore, we conducted to investigate the effects of
exogenous protease on performance, economic evalua-
tion, nutrient digestibility, fecal score, intestinal mor-
phology, blood profile, and meat quality in broilers fed
normal diets and diets with consideration of matrix val-
ues.

MATERIALS AND MEHODS
Ethics

The experimental protocols describing the manage-
ment and care of animals were reviewed and approved
by the Animal Care and Use Committee of Chungbuk
National University (CBNUA-174-22-02).

Preparation of Tested Protease

The protease used in this study was a novel subtilisin
protease produced by Bacillus licheniformis (Cupi et al.,
2022). This is a sfericase protease, an endopeptidase
from the serine protease family, subtilisin subfamily A,
MEROPS ID S08.113 (Rawlings et al., 2014). Activity
for this protease is defined in New Feed Protease (NFP)
units, which measures the enzyme amount required to
hydrolyze 1 pumol of para-nitroaniline (pNA) from 1 M
128 substrate Suc-Ala-Ala-Pro-Phe-pNA (Cupi et al.,
2022). Enzyme activity in the present study was con-
ducted in an Infinite M200 Pro microtiter plate reader
(Tecan Lifesciences, Mannedorf, Switzerland) with the
amount of released yellow pNA being proportional to
the protease activity of the enzyme measured photomet-
rically at a wavelength of 405 nm. The utilized test prod-
uct was granulated and had 600,000 NFP per g (ProAct
360, DSM Nutritional Products AG, Kaiseraugst, Swit-
zerland).

Nutrient matrix values, including the amount of
metabolizable energy (ME) and the percentage of crude
protein (CP), lysine, threonine, tryptophan, arginine,

Table 1. Nutrient matrix values of exogenous protease (ProAct
360).

ProAct 360 Matrix ~ Amount provided

Ttems at 50 g/MT inclusion in the diets
Metabolic energy, kcal /kg 500000 25.000
Crude protein, % 14423 0.721
Available methionine, % 330 0.017
Available methionine + 955 0.048

cysteine, %
Available lysine, % 946 0.047
Available threonine, % 986 0.049
Available tryptophan, % 97 0.005
Available arginine, % 867 0.043
Available valine, % 752 0.038
Available iso-leucine, % 568 0.028

valine, iso-leucine, methionine, and cysteine that are
anticipated to be released from diets by the action of
protease, were used for this study. Matrix values of pro-
tease used in this study are presented in Table 1.

Experimental Animal and Design

A total of 90, one-day-old Arbor Acres broiler chick-
ens (Cherrybro Co., Eumseong, South Korea) with ini-
tial body weight 46.67 £ 7.04 g were placed in 18 cages
(100 cm width, 40 cm depth and 45-cm height). The 18
cages were randomly assigned to 3 dietary treatments
with 6 replicates of 5 broiler chickens. Treatments were
as follows: 1) Basal diet (positive control, PC), 2) Basal
diet formulated with full ProAct 360 matrix at 50 g/MT
but without addition of ProAct 360 (negative control,
NC), 3) NC + 50 g/MT ProAct 360 (PA). PC and PA
diets were formulated to meet or exceed National
Research Council, and NC diets were formulated to be
lower than requirement because matrix value of exoge-
nous protease was considered (NRC, 1994; Tables 2—4).
All broiler chickens were allowed to consume feed and
water ad libitum. Each cage was equipped with 2 nipple
drinkers connected to a common water supply line. The
experiment period was divided into 3 phases: starter
phase (0—7 d of age), grower phase (8—21 d of age), and
finishing phase (22—33 d of age). The lighting schedule
was 23L:1D at 100 lux on d 1, 12L:12D at 30 lux on d 4
until wk 2, and 8L:16D at 30 lux thereafter. The experi-
ment initiation temperature was 33 £ 1°C, and the tem-
perature was lowered by 2°C every week to maintain 24°
C at the end of the experiment.

Growth Performance

On 7, 21, and 33 d, all birds and leftover feed in the
cages were weighed at each time point to determine the
body weight (BW), body weight gain (BWG), feed
intake (FI), and feed conversion ratio (FCR). The
BWG was calculated as the BW of the previous time
point was subtracted from the BW of the current time
point. FI was calculated by subtracting the remaining

feed amount from the initial feed amount, and FCR was
calculated by dividing FI by BWG.
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Table 2. Ingredient composition of experimental diets (Starter).'

Starter (d 0=7)

Ingredients, % PC NC PA
Corn 40.646 41.453 41.453
Soybean meal (CP 45%) 33.263 33.150 33.150
Wheat 10.000 10.000 10.000
DDGS 28% 4.000 4.000 4.000
Tankage ML-60 3.000 3.000 3.000
MBM 50% 1.800 1.800 1.800
Wheat flour 2.000 2.000 2.000
Poultry oil 2.633 2.118 2.118
L-lysine-SO, 0.501 0.417 0.417
DL-methionine 0.418 0.368 0.368
L-threonine 0.141 0.090 0.090
L-tryptophan 0.010 0.010 0.010
Salt 0.224 0.224 0.224
Limestone 0.445 0.445 0.445
Mono-dicalcium phosphate 0.435 0.435 0.435
Mineral premix” 0.220 0.220 0.220
Vitamin premix” 0.150 0.150 0.150
Choline 0.100 0.100 0.100
Phytase1000 0.010 0.010 0.010

(HiPhos 10000 GT)
Xylanase (WX 2000) 0.005 0.005 0.005
Sand - 0.005 -
ProAct 360 - - 0.005
Total 100.00 100.00 100.00

Calculated value (%)

Metabolic energy (ME), kcal /kg 3000 2975 3000

Crude protein (CP) 22.000 21.279 22.000
Available lysine 1.310 1.263 1.310
Available methionine 0.570 0.553 0.570
Available threonine 0.850 0.801 0.850
Available tryptophan 0.210 0.205 0.210
Available SAA 0.990 0.942 0.990
Available arginine 1.510 1.467 1.510
Available isoleucine 0.970 0.942 0.970
Available valine 1.120 1.082 1.120
Calcium (Ca) 0.850 0.850 0.850
Available P 0.480 0.480 0.480
Na 0.150 0.150 0.150

'PC, basal diet; NC, basal diet formulated with full ProAct 360 matrix
value at 50 g/MT but without addition of ProAct 360; PA,
NC + 50 g/MT ProAct 360.

*Provided per kg of diet: 37.5 mg Zn (as ZnSOy), 37.5 mg of Mn
(MnO,), 37.5 mg of Fe (as FeSO,TH50), 3.75 mg of Cu (as CuSOy-
5H,0), 0.83 mg of I (as KI), and 0.23 mg of Se (as NaySeO3-5H50).

3Provided per kg of diet: 15,000 IU of vitamin A, 3,750 IU of vitamin
D3, 37.5 mg of vitamin E, 2.55 mg of vitamin K3, 3 mg of thiamin, 7.5 mg
of riboflavin, 4.5 mg of vitamin B6, 24 ug of vitamin B12, 51 mg of niacin,
1.5 mg of folic acid, 0.2 mg of biotin, and 13.5 mg of pantothenic acid.

Economic Evaluation

Based on the data obtained from each treatment
group, economic evaluation was determined. The indica-
tors of economic evaluation were categorized as total
income costs and total deductible costs. The total
income cost which means meat cost was obtained in
KAPE (Korea Institute for Animal Products Quality
Evaluation, Sejong, South Korea) and prices were
expressed in dollars (1.56 US$/kg). Briefly, the total
income cost is represented by: total income = final body
weight (kg) x 1.56 US$/kg. The deductible cost means
feed cost which was expended for broilers and this cost
was obtained in feed company (Cherrybro Co.,
Eumseong, South Korea). The feed cost per treatments
were as follows: Starter, PC: 0.56 US$/kg; NC: 0.54 US
$/kg; PA: 0.52 US$/kg; Grower, PC: 0.55 US$/kg; NC:

Table 3. Ingredient composition of experimental diets
(Grower)."
Grower (d 8—21)
Ingredients, % PC NC PA
Corn 47.357 47.552 47.552
Soybean meal (CP 45%) 26.750 26.737 26.737
Wheat 10.000 10.000 10.000
DDGS 28% 5.000 5.000 5.000
Tankage ML-60 3.000 3.000 3.000
MBM 50% 1.700 1.700 1.700
Wheat flour 2.000 2.000 2.000
Poultry oil 1.700 1.700 1.700
L-lysine-SO4 0.510 0.424 0.424
DL-methionine 0.367 0.317 0.317
L-threonine 0.141 0.090 0.090
L-tryptophan 0.010 0.010 0.010
Salt 0.250 0.250 0.250
Limestone 0.450 0.450 0.450
Mono-dicalcium phosphate 0.300 0.300 0.300
Mineral premix” 0.220 0.220 0.220
Vitamin premix’ 0.130 0.130 0.130
Choline 0.100 0.100 0.100
Phytase1000 0.010 0.010 0.010
(HiPhos 10000 GT)
Xylanase (WX 2000) 0.005 0.005 0.005
Sand - 0.005 -
ProAct 360 - - 0.005
Total 100.00 100.00 100.00
Calculated value (%)
Metabolic energy (ME), kcal/kg 3020 2995 3020
Crude protein (CP) 20.500 19.779 20.500
Available lysine 1.170 1.123 1.170
Available methionine 0.540 0.523 0.540
Available threonine 0.770 0.721 0.770
Available tryptophan 0.190 0.185 0.190
Available SAA 0.900 0.852 0.900
Arginine 1.350 1.307 1.350
Isoleucine 0.880 0.852 0.880
Valine 1.010 0.972 1.010
Calcium (Ca) 0.800 0.800 0.800
Available P 0.450 0.450 0.450
Na 0.150 0.150 0.150

'PC, basal diet; NC, basal diet formulated with full ProAct 360 matrix
value at 50 g/MT but without addition of ProAct 360; PA,
NC + 50 g/MT ProAct 360.

*Provided per kg of diet: 37.5 mg Zn (as ZnS0Oy), 37.5 mg of Mn

(MnOs,), 37.5 mg of Fe (as FeSO,-7TH50), 3.75 mg of Cu (as CuSOy

5H50), 0.83 mg of I (as KI), and 0.23 mg of Se (as NaySeO3-5H50).

*Provided per kg of diet: 15,000 TU of vitamin A, 3,750 IU of vitamin
D3, 37.5 mg of vitamin E, 2.55 mg of vitamin K3, 3 mg of thiamin, 7.5 mg
of riboflavin, 4.5 mg of vitamin B6, 24 ug of vitamin B12, 51 mg of niacin,
1.5 mg of folic acid, 0.2 mg of biotin, and 13.5 mg of pantothenic acid.

0.53 US$/kg; PA: 0.52 US$/kg; Finisher, PC: 0.56 US
$/kg; NC: 0.54 US$/kg; PA: 0.52 US$/kg. Briefly, the
deductible cost is represented by: total income = overall
feed intake (kg) x above mentioned feed cost per treat-
ments. Profitability which means net cost is represented
by: profitability = total income cost — total deductible
cost. Other deductible costs included initial chick cost,
fuel cost, etc., but they were excluded from this evalua-
tion because they were commonly charged regardless of
treatments.

Fecal Score

The fecal score was determined following the fecal
quality scores of Garcia et al. (2019). Criteria of fecal
score were as follow: Score 1: dry and firmed feces with
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Table 4. Ingredient composition of experimental diets
(Finisher).'
Finisher (d 22—33)
Ingredients, % pC NC PA
Corn 53.293 53.670 53.670
Soybean meal (CP 45%) 23.675 23.400 23.400
Wheat 10.000 10.000 10.000
DDGS 28% 3.000 3.000 3.000
Tankage ML-60 1.900 1.900 1.900
MBM 50% 1.700 1.700 1.700
Wheat flour 2.000 2.000 2.000
Poultry oil 2.108 2.100 2.100
L-lysine-SO, 0.392 0.316 0.316
DIL-methionine 0.411 0.364 0.364
L-threonine 0.105 0.100 0.100
L-tryptophan 0.100 0.100 0.100
Salt 0.234 0.250 0.250
Limestone 0.438 0.450 0.450
Mono-dicalcium phosphate 0.200 0.200 0.200
Mineral premix” 0.220 0.220 0.220
Vitamin premix” 0.130 0.130 0.130
Choline 0.080 0.080 0.080
Phytasel000 0.010 0.010 0.010
(HiPhos 10000 GT)
Xylanase (WX 2000) 0.005 0.005 0.005
Sand - 0.005 -
ProAct 360 - - 0.005
Total 100 100 100
Calculated value (%)
Metabolic energy (ME), kcal/kg 3100 3075 3100
Crude protein (CP) 19.000 18.279 19.000
Available lysine 1.010 0.963 1.010
Available methionine 0.560 0.543 0.560
Available threonine 0.680 0.631 0.680
Available tryptophan 0.160 0.155 0.160
Available SAA 0.900 0.852 0.900
Arginine 1.160 1.117 1.160
Isoleucine 0.780 0.752 0.780
Valine 0.890 0.852 0.890
Calcium (Ca) 0.700 0.700 0.700
Available P 0.400 0.400 0.400
Na 0.150 0.150 0.150

'PC, basal diet; NC, basal diet formulated with full ProAct 360 matrix
value at 50 g/MT but without addition of ProAct 360; PA,
NC + 50 g/MT ProAct 360.

*Provided per kg of diet: 37.5 mg Zn (as ZnS0y), 37.5 mg of Mn
(MnOs,), 37.5 mg of Fe (as FeSO,-TH50), 3.75 mg of Cu (as CuSOy
5H50), 0.83 mg of I (as KI), and 0.23 mg of Se (as NaySeO3-5H0).

SProvided per kg of diet: 15,000 IU of vitamin A, 3,750 IU of vitamin
D3, 37.5 mg of vitamin E, 2.55 mg of vitamin K3, 3 mg of thiamin, 7.5 mg
of riboflavin, 4.5 mg of vitamin B6, 24 ug of vitamin B12, 51 mg of niacin,
1.5 mg of folic acid, 0.2 mg of biotin, and 13.5 mg of pantothenic acid.

characteristic white uric acid cover; Score 2: mostly dry
feces with white uric acid cover; Score 3: moist feces
with white uric acid cover; Score 4: wet feces with less
white uric acid cover and droppings lose their shape and
Score 5: extremely wet feces with little to no white uric
acid cover. Fecal assessment in each replicate was con-
ducted through visual fecal scoring by 2 independent
evaluators. To avoid erroneous evaluation, evaluators
removed previous feces on the fecal plate and then
placed white paper on the plates. They assessed first
feces on the white paper according to above mentioned
criteria in the morning and calculated as the average
fecal score for each period (0—7 d; 8—21 d; 22—33 d;
overall period, 0—33 d) per treatment by summing the
average daily fecal scores of each cage.

Nutrient Digestibility

Broiler chickens were euthanized by cervical disloca-
tion. Diets and feces were analyzed for dry matter
(DM), crude protein (CP), and energy using AOAC
methods (AOAC, 2000). Determination of the apparent
digestibility of nutrients was performed by collecting
both total digesta. All experimental diets were mixed
with 0.2% Cr,O3 before collecting digesta. The rectum
digesta were collected from rectum 3cm before the cloaca
to collect fecal without urine. The digesta were gently
squeezed, rinsed with saline, and collected in plastic pill-
boxes. All feed and rectum samples were finely ground
after drying for 72 h at 50°C oven and analyzed for DM,
CP, energy, and amino acid (AA). The energy was
determined using a calorimeter (model 1261, Parr
Instrument Company, Moline, IL). Analyses of DM and
CP were made according to the methodology described
in AOAC methods (AOAC, 2000) and analysis of AA
made in high-performance liquid chromatography
(HPLC) (SHIMADZU, Model LC-10AT, Shimadzu
Corp., Kyoto, Japan) methodology. The apparent total
tract digestibility (ATTD) percentage was calculated
using the following equation. ATTD% = 100 —
[100 x (Cry03 in  diet/Cr,O3 in  rectum
digesta) x (nutrient in rectum digesta/nutrient in
diet)].

Blood Profiles

On d 33, blood samples (2 mL each) were collected
from wing vein of broilers (1 broiler per each cage) using
vacuum tubes containing K3EDTA (Becton, Dickinson
and Co., Franklin Lakes, NJ), and serum was harvested
and stored in a deep freezer at —20°C for further analy-
ses. Concentrations of total protein, blood urea nitrogen
(BUN), and creatinine were determined using an UV-
visual spectrophotometer (Microlab 200: Merck Labora-
tory Analyzer, New Delhi, India) with commercial kits
(Prism Diagnostic Pvt. Ltd., Mumbai, India).

lleal Morphology

On d 33, 1 bird per each cage was randomly selected
and sacrificed at the end of the experiment to collect ileal
tissue samples. A 15 cm ileal segment adjacent to the
pyloric valve was freed of mesenteric attachments and
rinsed clean with 10% neutral buffered formalin. The
intestinal segment was submerged in approximately
20 mL of 10% neutral buffered formalin for 24 h. Slides
of intestinal cross-sections (5-um thick) were processed
in low-melt paraffin and stained with hematoxylin and
eosin. The stained slides were scanned by a fluorescence
microscope (TE2000, Nikon, Tokyo, Japan) with a
charge-coupled device camera (DS-Fil; Nikon, Tokyo,
Japan) to measure intestinal morphology. The villus
height (VH) was measured from the tip of the villus to
the crypt orifice. Crypt depth (CD) was measured from
the junction of the villus to the crypt base. And then,
the VH-to-CD ratio (VH:CD) was calculated.
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Carcass Trait and Relative Organ Weight

One bird per each cage were euthanized on 33 d of age
by an intravenous injection of pentobarbital, with cervi-
cal dislocation to confirm death. After broilers were
euthanized, the abdomen area was opened to excise and
weigh the carcass, gastrointestinal tract (gizzard, stom-
ach, duodenum, jejunum, and ileum), liver, spleen, and
heart. Carcass yields were calculated relative to the live
BW. The weights of the gastrointestinal tract and other
organs were recorded and then calculated using the fol-
lowing formula: Relative organ weight (g/kg) = organ
weight (g)/live BW (kg).

Meat Quality Traits

At the end of the experiment, 1 bird per each cage
was selected to collect breast meat that was cut out
and analyzed after freeze-drying. Moisture, protein,
fat, and ash were analyzed according to the AOAC
methods (AOAC, 1995). Ten grams of sample added
with 100 mL of distilled water were homogenized for
30 s using a blender (400 Lab Blender, Seward, UK).
The pH levels of the samples were measured using a
pH-meter (pH 720, WTW Laboratory Instrument,
Germany). The centrifugation method described by
Laakkonen et al. (1970) was used to measure water
holding capacity (WHC). The breast meat samples
(0.5 £ 0.05 g) from each treatment were placed in a
centrifugation tube with filter units, heated for
20 min at 80°C, and then cooled for 10 min. The sam-
ples were centrifuged at 2,000 rpm for 10 min 4°C,
and WHC values were calculated as the change in
sample weight. The drip loss (DL) and cooking loss
(CL) were measured using the modified method of
Sirri et al. (2017). After the product was weighed, it
was stored in a refrigerator (JEIO THCH. Co. Ltd.,
Daejeon, South Korea) for 24 h at 4°C. The sample
was then removed from the refrigerator, removed
from its package, and blotted with Kimwipes
(Yuhan-Kimberly, Seoul, South Korea) to eliminate
any liquid from the surface of the sample. The weight
of the sample was then recorded one more, and the
drip loss was calculated as a weight percentage. A
breast meat was placed into a polypropylene bag,
cooked for 40 min at 70°C in a water-bath, and
cooled down to room temperature for 30 min. CL was
calculated by the weight difference of samples before
and after cooking.

Statistical Analysis

All data of growth performance, economic evaluation,
average fecal score, nutrient digestibility, blood profiles,
carcass trait, ileal morphology, and meat quality were
statistically analyzed by executing one-way analysis of
variance (ANOVA) using JMP 16.0 (SAS Institute
Inc., Cary, NC) with post hoc analysis Tukey’s honestly
significant difference (HSD) test. The incidence of fecal
score was statistically analyzed using Pearson’s chi-

squared test. Variability in the data was expressed as
the pooled standard error, P < 0.05 was considered sta-
tistically significant, and 0.05 < P < 0.10 was considered
statistically tendency.

RESULTS
Growth Performance

The effects of dietary treatment on body weight, body
weight gain, feed intake and feed conversion ratio are
presented in Table 5. There was no significant difference
(P> 0.05) on BW, BWG, FI, and FCR in each period
among the treatments. NC group had numerically lower
BW at 7, 21, and 33 d than PC and PA group. More-
over, NC group numerically decreased BWG, FI, and
increased FCR compared to PC and PA group at 0 to 7,
8 to 21, 22 to 33, and 0 to 33 d. On the other hand, the
supplementation of exogenous protease to NC diets
(PA) numerically improved BW, BWG, and FCR in
each period compared to NC group and reached to simi-
lar levels as those of PC groups.

Economic Evaluation

The effects of dietary treatment on economic evalua-
tion are presented in Table 6. There was no significant
difference (P > 0.05) on total income cost (meat cost)
among the treatments. However, NC and PA groups
had lower (P < 0.001) total deductible cost (feed cost)
than that of the PC group. Moreover, the supplementa-
tion of exogenous protease to NC diets (PA) tended
(P = 0.079) to improve the profitability compared to
PC and NC groups.

Table 5. Effect of supplementing exogenous protease (ProAct
360) on growth performance in broiler chickens.

Ttems PC NC PA SE Pvalue
BW,g
Initial BW 46.67 46.67 46.67 0.406 1.000
7d 178.83 173.33 178.17 2.771 0.336
21d 1055.03 1040.37 1052.60 14.436 0.748
33d 1989.50 1910.67 1999.33 34.257 0.168
BWG, g
0-7d 132.17 126.66 131.50 2.852 0.355
8—21d 876.20 867.03 874.43 13.804 0.884
22—-33d 934.47 870.30 946.73 25.124 0.102
1-33d 1942.84 1863.99 1952.66 34.465 0.171
FL,g
0-7d 158.17 157.57 154.93 2.199 0.555
8—21d 1292.00 1280.70 1262.63 19.065 0.560
22—-33d 1763.50 1748.35 1759.00 29.311 0.932
1-33d 3213.67 3186.61 3176.57 30.203 0.675
FCR, g/g
0-7d 1.21 1.26 1.19 0.027 0.262
8-21d 1.48 1.49 1.45 0.033 0.722
22—-33d 1.90 2.07 1.87 0.077 0.164
0-33d 1.66 1.73 1.63 0.034 0.169

Abbreviations: BW, body weight; BWG, body weight gain; FCR, feed
conversion ratio; FI, feed intake; NC, basal diet formulated with full Pro-
Act 360 matrix value at 50 g/MT but without addition of ProAct 360;
PA, NC + 50 g/MT ProAct 360; PC, basal diet; SE, standard error. Each
value is the mean value of 6 replicates (5 broiler/cage).
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Figure 1. Effect of supplementing exogenous protease (ProAct 360) on fecal score in broiler chickens. Abbreviations: NC, basal diet formulated
with full ProAct 360 matrix value at 50 g/MT but without addition of ProAct 360; PA, NC + 50 g/MT ProAct 360; PC, basal diet; SE, standard
error. Fecal score was determined as follow: Score 0: normal feces; Score 1: moist feces; Score 2: watery feces. Each value is the mean value of 6 repli-
cates (5 broiler/cage). *"Means in the same row with different superscripts differ (P < 0.05).

Fecal Score

The effects of dietary treatment on fecal score are pre-
sented in Figure 1. NC group had significantly higher (P
< 0.05) incidence of fecal scores than other treatments
and tended (P = 0.0663) to have increased average fecal
scores in 0—7 d. Also, the NC group had significantly
higher (P < 0.05) incidence of fecal score and increased
average fecal score (P < 0.001; P < 0.05; P < 0.001) com-
pared with the other groups in 8 to 21 d, 22 to 33 d, and
0 to 33 d, respectively. Supplementation of exogenous
protease to NC diets (PA) alleviated (P < 0.05) high
incidence fecal scores and average fecal score by NC
diets, and decreased (P < 0.05) high scores and average

Table 6. Effect of supplementing exogenous protease (ProAct
360) on economic evaluation in broiler chickens.

Ttems, $ per bird PC NC PA SE Pvalue
Total income cost'
Meat cost 3.10 298 3.12 0.053 0.168
Total deductible cost”
Feed cost 1.78"  1.66" 1.70" 0.016 <0.001
Profit margins
(Total income cost — Total 1.33 132 140 0.054 0.079
deductible cost)

Abbreviations: NC, Basal diet formulated with full ProAct 360 matrix
value at 50 g/MT but without addition of ProAct 360; PA,
NC + 50 g/MT ProAct 360; PC, basal diet; SE, standard error.

The total income cost consisted of the meat costs obtained from multi-
plying the average weight (kg) and the unit cost (1.56 $/kg).

*Starter, PC: 0.56 US$/kg; NC: 0.54 US$/kg; PA: 0.52 USS$/kg;
Grower, PC: 0.55 US$/kg; NC: 0.53 US$/ke; PA: 0.52 US$/kg; Finisher,
PC: 0.56 US$/kg; NC: 0.54 US$/kg; PA: 0.52 US$ /kg. Each value is the
mean value of 6 replicates (5 broiler/cage).

2bMeans in the same row with different superscripts differ (P < 0.05).

fecal score to similar levels as those of PC groups in 8 to
21d,22to 33 d, and 0 to 33 d, respectively.

Nutrient Digestibility

The effects of dietary treatment on nutrient digest-
ibility are presented in Table 7. There was no signifi-
cant difference (P > 0.05) on ATTD of dry matter
and energy among the treatments. However, the sup-
plementation of exogenous protease to NC diet (PA)
improved (P < 0.05) ATTD of crude protein com-
pared to NC group and there was no significant dif-
ference from PC groups.

For ATTD of essential amino acids, there was no
significant difference (P > 0.05) on ATTD of histi-
dine, leucine, and tryptophan among the treatments.
However, supplementation of exogenous protease to
NC diets (PA) significantly increased (P < 0.05)
ATTD of arginine, threonine and glycine compared
to NC group. Moreover, PC group had higher (P <
0.05) ATTD of iso-leucine, methionine, phenylala-
nine, valine, and total essential amino acids than
other treatments. A tendency (P = 0.068) was
observed for ATTD of lysine as supplementing exoge-
nous protease to NC diets increased ATTD of lysine
compared to that of the NC group.

For ATTD of nonessential amino acids, there was
no significant difference (P > 0.05) on ATTD of pro-
line and tyrosine among the treatments. Supplemen-
tation of exogenous protease to NC diet (PA)
improved (P < 0.05) ATTD of alanine, aspartic acid
and cysteine compared to NC group. PC group had
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Table 7. Effect of supplementing exogenous protease (ProAct
360) on nutrient digestibility in broiler chickens.

Table 9. Effect of supplementing exogenous protease (ProAct
360) on ileal morphology in broiler chickens.

Ttems PC NC PA SE Pvalue Ttems PC NC PA SE Pvalue
Dry matter 80.74 80.31 81.43 0.558 0.384 Villus height, um 879.60 929.82 994.40 31.825 0.066
Energy 79.42 78.84 80.12 0.507 0.231 Crypt depth, um 93.31"" 104.84" 81.47" 5.728 0.037
Crude protein 74.26™  72.55b  75.69a  0.749 0.031 VH:CD ratio 10.05"" 9.71" 12.81" 0773 0.024
Essential amino acids . K K )

Arginine 00.44° 89.46" 00.49" 0.261 0.023 Abbreviations: NC, Basal dl?t formulate.d.wnh full ProAct 360 matrix

Histidine 82.02 81.97 83.40 0.512 0.115 value at 50 g/MT but without addltlon of ProAct 360; PA,

Iso-leucine 80.78" 81.04" 85.76" 0.474 <0.001 NC + 5Q g/MT ProAct 360;. PC, basal diet; SE, standard error; VH:CD,

Leucine 8943 8886 8940 0269 0271  Vvilusheight: crypt depth ratio. _ N

Lysine 87.38 86.70 87.72 0.290 0.068 dEbauch vavh.le is th? mean vall.le of '6 rephca‘tes (5 b} 011?r,{cage).

Methionine 84.69" 892.95" 91.01° 0.727 <0.001 Means in the same row with different superscripts differ (P < 0.05).

Phenylalanine 86.50" 85.53° 88.18" 0.261 <0.001

Threonine 81.92" 80.26"  83.09" 0.433 0.001

Valine 78.13"  79.43"  83.99"  0.553  <0.001 lleal Morphology

Tryptophan 86.85 1 86.55 86.34 0.307 0.518

Glycine 75.827" 73.94b 77.85" 0.791 0.012 . .

Total 84.61° 8385° 8695 0324  <0.001 The effects pf dietary treatment on 1.lea1 morphology
Nonessential amino acids ] are presented in Table 9. Supplementation of exogenous

ﬁlaninc 1 gg‘ggf‘\' ;ﬁgf g;gf’ 8232 88;(2) protease to NC diets (PA) tended (P = 0.066) to

spartic acic 34" 107 91" . . B .

Cysteine 7503 7383 77720 1.020 0.046 increase the VH compared with that of the PC group. A

Glutamic acid 87.48" 86.57"  89.77° 0.331 <0.001 significant difference (P < 0.05) was observed for crypt

groline 83410 82-24 8426 0.518 0.175 depth and VH:CD ratio as supplementing exogenous

erine 85.45 84.12 85.48 0.459 0.089 .

Tyrosine . $6.69 6.5 0416 0110 protease to NC diets .(PA) decreased crypt depth and

Total 84.40" 83.37°  85.80°  0.375 0.001 increased VH:CD ratio compared to that of the NC
Total amino acids ~ 84.51" 83.61"  86.08"  0.342 <0.001

Abbreviations: NC, basal diet formulated with full ProAct 360 matrix
value at 50 g/MT but without addition of ProAct 360; PA,
NC + 50 g/MT ProAct 360; PC, basal diet; SE, standard error.

Each value is the mean value of 6 replicates (5 broiler/cage).

2 Means in the same row with different superscripts differ (P < 0.05).

higher (P < 0.05) ATTD of glutamic acid and total
nonessential amino acids than other treatments. In
addition, the PA group had the highest (P < 0.05)
ATTD of total amino acids compared with the other
treatments.

Blood Profiles

The effects of dietary treatment on blood profile are
presented in Table 8. There was no significant difference
(P > 0.05) on total protein, BUN and creatine among
treatments. However, NC group had numerically lower
total protein and higher creatine in blood than other
treatments, while supplementation of exogenous prote-
ase to NC diets (PA) numerically increased total protein
and decreased creatinine and had similar values as those
of PC groups.

Table 8. Effect of Effect of supplementing exogenous protease
(ProAct 360) on blood profiles in broiler chickens.

Items pPC NC PA SE Pvalue
Total protein, g/dL 3.08 2.92 3.13 0.089 0.229
BUN, mg/dL 1.20 1.17 1.20 0.164 0.987
Creatinine, mg/dL 0.13 0.16 0.13 0.013 0.102

Abbreviations: BUN, blood urea nitrogen; NC, basal diet formulated
with full ProAct 360 matrix value at 50 g/MT but without addition of
ProAct 360; PA, NC + 50 g/MT ProAct 360; PC, basal diet; SE, standard
€rror.

Each value is the mean value of 6 replicates (5 broiler/cage).

group. Moreover, supplementation exogenous protease
to NC diets had similar values as those of PC groups.

Carcass Yield and Relative Organ Weights

The effects of dietary treatment on carcass yield and
relative organ weight are presented in Table 10. There
was no significant difference (P > 0.05) on carcass yield
and relative organ weight among the treatments.

Meat Quality

The effects of dietary treatment on meat quality are
presented in Table 11. For proximate composition, there
was no significant difference (P > 0.05) on content of
moisture, fat, and ash, but supplementation of exoge-
nous protease to NC diet (PA) increased (P < 0.05) con-
tent of protein compared with that of the NC group.
Moreover, supplementation of exogenous protease to
NC diet (PA) alleviated (P < 0.05) reduced water hold-
ing capacity and pH produced by NC diet. PA diet did
not affect (P > 0.05) water holding capacity but

Table 10. Effect of supplementing exogenous protease (ProAct
360) on carcass yield and relative organ weights in broiler
chickens.

Ttems PC NC PA SE Pvalue
Body weight, g 1970.83 1965.00 1973.33 14.26 0.976
Carcass yield, % 72.60 72.73 7292 0.324 0.789
Relative organ weight, %
Liver 2.90 2.74 2.79 0.245 0.885
Heart 0.53 0.58 0.52  0.042 0.574
Spleen 0.10 0.08 0.09 0.007 0417
Gastrointestinal tract 6.17 6.47 6.20 0.291 0.732

Abbreviations: NC, basal diet formulated with full ProAct 360 matrix
value at 50 g/MT but without addition of ProAct 360; PA,
NC + 50 g/MT ProAct 360; PC, basal diet; SE, standard error.

Each value is the mean value of 6 replicates (5 broiler/cage).
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Table 11. Effect of supplementing exogenous protease (ProAct
360) on meat quality in broiler chickens.

Items PC NC PA SE  Pvalue
Proximate composition, %
Moisture 74.27  T4.72 7442 0324 0.623
Protein 21.78"" 21.12b 22.37" 0.277  0.020
Fat 3.28 2.71 2.28 0.629 0.535
Ash 1.32 1.43 1.11 0.105 0.123

Meat quality

Water holding capacity, % 70.59"  67.78" 70.02" 0.567 0.008
pH 592" 593"  6.05" 0.030 0.014
Drip loss, % 2.23 3.99 3.35 0.527 0.087
Cooking loss, % 12.20 1247 11.58 0.356 0.228
Meat color
Lightness 55.98  56.60 56.60 1.150 0.908
Redness 5.73 4.77 3.98 0.573 0.129
Yellowness 9.98 1140 12.09 0.738 0.155

Abbreviations: NC, basal diet formulated with full ProAct 360 matrix
value at 50 g/MT but without addition of ProAct 360; PA,
NC + 50 g/MT ProAct 360; PC, Basal diet; SE, standard error. Each
value is the mean value of 6 replicates (5 broiler/cage).

*Means in the same row with different superscripts differ (P < 0.05).

increased (P < 0.05) pH compared to PC group, respec-
tively. The supplementation of exogenous protease to
NC diet (PA) tended (P = 0.087) to alleviate drip loss
compared with that of the NC group. There was no sig-
nificant difference (P > 0.05) on meat color among treat-
ments.

DISCUSSION

In the current study, NC diets (low dietary CP, ME,
and imbalance of amino acids) did not affect growth per-
formance in each period and overall period. These results
are in agreement with previous studies reporting that
the growth performance of broilers fed 1 to 3% low CP
diets was unaffected (Salah, 2016; Van Harn et al.,
2019). On the other hands, 0.02 to 0.2% low essential
amino acid such as lysine, methionine, tryptophan, thre-
onine and arginine and/or 1.6% low ME in diets caused
poor BWG and FCR compared to control diets
(Lin Law et al., 2019; Magsood et al., 2022). Moreover,
supplementation of exogenous protease to NC diets did
not significantly affect growth performance, but numeri-
cally improved growth performance including BWG and
FCR compared with those of NC groups in the current
study. Results of the current study are partially agree-
ment with the finding of numerous studies that protease
improved growth performance in broiler chickens
(Odetallah et al, 2005, Xu et al, 2017,
McCalfferty et al., 2022). This disagreement could be due
to alternation of feed intake. Previous studies have
shown that low protein and/or protease supplementa-
tion influenced BWG and FCR, and at the same time
positively affected FI. In this study, this nonsignificant
results in FI may be attributed to nonsignificant impact
on BWG and FCR. Also, this discrepancy might be due
to the difference of basal diets, used protease, and dosage
of protease between this study and other studies. Other
researchers asserted that increase of BWG and FCR

could be attributed to better nutrient digestibility rather
than FI (Rada et al.,, 2013; Lin Law et al., 2019;
Magsood et al., 2022).

In the current study, meat cost as total income cost
was not affected by any treatments, whereas feed cost as
the total deductible cost was lower in birds fed low die-
tary ME, CP, and amino acids (NC) and supplementa-
tion of exogenous protease to NC diet (PA). Moreover,
the supplementation of exogenous protease to NC diets
tended to improve profit margin. These results were con-
sistent with the results of Rehman et al. (2017), report-
ing that the supplementation of protease to low protein
and low amino acid diet led to higher profit margins in
broilers. The variation in profit margin mainly occurred
to the body weight, feed intake, feed cost, as well as liv-
ability of birds (Rehman et al., 2017). We did not
observe any significant difference in total income cost
because there was no significant difference on final body
weight. However, we were able to reduce raw ingredient
usages such as soybean meal and crystalline lysine by
considering the matrix value of exogenous protease,
thereby decreasing significantly total deductible cost.
According to Banson et al. (2015), feed cost of total cost
in poultry production accounts for about 70%. Espe-
cially, high feed cost is attributed to the using protein
feed ingredient such as soybean meal. This improvement
of profit margin in this study could be attributed to use
of low protein ingredient such as soybean meal. Similar
results were obtained in the studies of Onu et al. (2011)
and Anuradha and Barun (2015), who reported a
decrease in feed cost and an improvement in profit mar-
gin when supplementing dietary enzymes.

We did not observe the ATTD of dry matter and
energy in the current study. However, NC diet lacking
nutrients decreased the ATTD of CP and most amino
acids, including essential and nonessential amino acids,
whereas the supplementation of exogenous protease to
NC diet (PA) improved the ATTD of CP and most
amino acids. In consistent with the current study, supple-
mentation of exogenous protease to diets increased the
apparent AA digestibility of arginine, threonine, isoleu-
cine, aspartate, lysine, serine, and cysteine (Angel et al.,
2011; Shad et al., 2022). Soybean meal have been known
to have substantial antinutritional factors, and thus it
caused poor digestibility and growth performance
(Erdaw et al., 2017). Conversely, exogenous protease sup-
plementation could diminish negative effects of its antinu-
tritional factors thereby resulting in beneficial effects such
as improvement of AA utilization and growth
(Tajudeen et al., 2022). Furthermore, other researchers
have reported that surplus amino acids by an imbalance
of dietary amino acids increased the excretion of amino
acids (Selle et al., 2020a,b). Thus, reduction of CP and
A As digestibility in NC diet might be attributed to these
antinutritional factors of soybean meal and imbalance of
ingested amino acids. On the other hand, by supplement-
ing exogenous protease to NC diets, we were able to meet
the nutrient requirements and hydrolyze antinutritional
factors such as lectins or trypsin inhibitors and thus



EFFECT OF PROTEASE CONSIDERING MATRIX VALUE 9

improvement of digestibility may be attributed to above-
mentioned action.

Broilers are not able to digest and absorb protein and
amino acids present in their diets, and thus resulting in
increased undigested protein into the ceca of broilers
(Widyaratne and Drew, 2011; Moughan et al., 2014).
Moreover, previous studies have shown that undigested
protein accelerated the proliferation of pathogenic bac-
teria (e.g., E. coli and clostridia), leading to reduce fecal
consistency and dry matter content of feces
(Nollet et al., 1999; Pieper et al., 2012). In the present
study, a nutrient-deficient NC diet (low protein and
imbalance of amino acids) caused an increased incidence
of the high fecal score and average fecal score, while the
supplementation of exogenous protease alleviated fecal
score. As mentioned above, the increased fecal score
might be due to undigested nitrogen derived from an
imbalance of dietary amino acids. The fecal score was
also decreased when the broilers fed NC diet supple-
mented with exogenous protease. Although many fac-
tors such as CP level, raw ingredients, animal health,
drinking system, and stocking density could affect the
development of fecal score (Dunlop et al., 2016),
improvement of these parameters in the current study
might be contributed to the fact that addition of exoge-
nous protease to the nutrient deficient diet resulted in
minimal protein waste and improved nitrogen retention
(Yu et al., 2007).

Total protein in blood is influenced by protein intake
and dietary protein quality (Liu et al., 2019). For exam-
ple, it means that the total protein level in the blood is
up-regulated as protein utilization is increased by
improving the digestibility of protein by high-quality
protein sources. BUN can be used as a parameter of pro-
tein status as well as nitrogen utilization (Kohn et al.,
2005; Nguyen et al., 2018). Creatinine is related to kid-
ney function (Saleh et al., 2020). In the current study,
despite the increased digestibility of CP, we did not
observe any change of total protein in blood among the
treatment. This result is in agreement with the results of
Corzo et al. (2005) and Hernandez et al. (2012), who
reported that total protein in serum was not affected
regardless of dietary protein levels. However,
Corzo et al. (2009) and Ahmadi et al. (2015) reported
that total protein in blood will only be affected when
diets ingested by the animals are deficient in AA.
Semeniuk and Grela (2011) observed a high negative
correlation between the biological value of the feed and
BUN. Other researchers reported that BUN was
decreased due to improved nitrogen digestibility
(Whang and Easter, 2000; Pavan et al., 2012). Also, cre-
atine levels were decreased by supplementation of exoge-
nous protease (Dongare et al., 2013). However, there
was no significant difference on BUN and creatine in the
present study. This discrepancy might be due to the dif-
ference in basal diets, used protease, and protease dosage
between this study and other studies. In addition, this
might be because the nutrient imbalance in the diet was
not severe enough to change the blood parameters.

VH, CD, and VH:CD ratio are related to nutrient
absorption and indicators of gut health (Choct, 2006).
In the current study, a nutrient-deficient NC diet caused
increased CD and decreased VH:CD ratio, whereas the
supplementation of exogenous protease to NC diet
improved these parameters by reducing CD and increas-
ing VH:CD ratio. This result is in agreement with the
results of previous studies reporting that protease sup-
plementation improved VH and VH:CD ratio in the
intestine (Yuan et al., 2008; Nabizadeh et al., 2017).
Also, improved ATTD of CP and amino acids were
observed in the current study, which might have been
affected by improved intestinal development. Because
arginine plays an important role in epithelial prolifera-
tion and recovery (Tan et al., 2010), increased ATTD of
arginine by protease supplementation might affect
improved intestinal morphology.

Carcass yield and relative organ weight were not
affected by the supplementation of exogenous protease.
No difference of carcass yield might be related to the
similar final body weight of these birds. Also, there was
no significant difference on relative organ weight. The
intestinal organ weight is affected by the passage time of
digesta (Shakouri et al., 2009); prolonged accumulation
of un-digesta in the gastrointestinal tract could induce
an increase in the size of the gastrointestinal tract and
organs as a response to intestinal motility and digestive
excretions. The results of meat quality in the present
study were consistent with previous studies (Xu et al.,
2017; Saleh et al., 2020). In these studies, pH in breast
muscle increased, but drip loss in breast muscle tended
to decrease when birds were fed diets supplemented with
protease. These results were in agreement with previous
results that supplementation of protease decreased drip
loss and increased pH in breast meat of broiler
(Xu et al., 2017). Also, these results were supported by
the results of Calvo et al. (2017) that high pH positively
correlated with low drip loss. Moreover, supplementa-
tion of protease increased amino acids content in breast
muscle. Other researchers reported that protease influ-
enced meat colors such as lightness, redness, and yellow-
ness (Ndazigaruye et al., 2019). However, we did not
observe any changes in meat color. There were many fac-
tors affecting the meat quality of broilers (Mir et al.,
2017). Therefore, further research was needed to esti-
mate the effects of exogenous protease on meat quality.

CONCLUSIONS

The reduction of dietary nutrients produced by con-
sidering matrix value caused adverse effects on broiler
growth, digestibility, ileal morphology and meat quality
including protein content, water holding capacity, pH.
However, the supplementation of 50 g/MT exogenous
protease to diets considered matrix value numerically
improve growth performance, and significantly
improved AA utilization, gut health and meat quality.
In addition, it was found to have the positive effects of
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improving profit margin by reducing feed cost. In con-
clusion, supplementation of exogenous protease (ProAct
360) to diets with consideration of matrix value could
efficiently maintain growth performance and health and
improve profit margin of producers.
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