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Abstract

Exogenous proteases are promoted for their ability to counteract the negative effects of antinutritional
elements such as trypsin inhibitors in broiler chickens. This is because these anti-nutritional substances
are proteinaceous, making them candidates for hydrolysis by proteases. However, there still is
insufficient knowledge on the sensitivity of this phenomena to protease dosing, hence this study was
designed to evaluate the dose sensitivity of broiler starter chickens fed a high trypsin inhibitor soyabean-
based diet supplemented with a mono-component protease. Two hundred and sixty-four one-day-old
chicks were divided into three treatments, each consisting of eight replicates and 11 chicks per replicate.
The control group (C) were offered a corn-soybean-based diet contained 8.47 mg/g of trypsin inhibitor,
while the other two groups were offered the control diet supplemented with 250 g/tonne (C+250) and
500 g/tonne (C+500) of a mono-component protease, Cibenza DP100, for 21 days. Blood was sampled
for serum albumin, uric acid, creatinine, and total protein , and pancreas, liver, and mid-sections of the
jejunum, and ileum were harvested for examination of organ and gut morphology. The findings
demonstrated that feed conversion ratio improved with protease dosage, with the C+500 group
demonstrating the highest efficiency (1.48 £ 0.22). Serum albumin, total protein, and uric acid levels also
increased significantly (p<0.05) with birds fed diet C+500 having the highest values. In contrast, serum
creatinine was significantly (p<0.05) higher in the control group. Protease supplementation also
increased (p<0.05) villi height and crypt depth in both ileum and jejunum. The relative weight of the liver
increased (p<0.05) while that of pancreas decreased (p<0.05) with supplemental protease. In conclusion,
these findings suggest that supplementation of a high trypsin inhibitor soybean-based diet with a mono-
component protease at 500g/tonne complete diet could be used to achieve better performance in 21-d old
chickens.
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hend
L\“/\' Evaluation de la sensibilité a la dose de poussins de chair 21d a une protéase
monocomposant dans un régime a base de soja a inhibiteur élevé de trypsine

Résumé
Les protéases exogenes sont promues pour leur capacité a contrer les effets négatifs des éléments
antinutritionnels tels que les inhibiteurs de la trypsine chez les poulets a griller. En effet, ces substances
anti-nutritionnelles sont protéiques, ce qui en fait des candidats a l'hydrolyse par les protéases.
Cependant, les connaissances sur la sensibilité de ce phénomene au dosage de la protéase sont encore
insuffisantes. Cette étude a donc été congue pour évaluer la sensibilité a la dose de poulets de chair
nourris avec un régime a base de soja a haute teneur en inhibiteur de trypsine, complété par une protéase
a un seul composant. Deux cent soixante-quatre poussins d'un jour ont été divisés en trois traitements,
chacun consistant en huit répétitions et 11 poussins par répétition. Le groupe témoin (C) s'est vu
proposer un régime a base de mais-soja contenant 8,47 mg/g d'inhibiteur de trypsine, tandis que les deux
autres groupes se sont vu proposer le régime témoin supplémenté en 250 g/tonne (C+250) et 500 g/tonne
(C+500) d'une protéase mono-composant, Cibenza DP100, pendant 21 jours. Le sang a été prélevé pour
l'albumine sérique, l'acide urique, la créatinine et les protéines totales, et le pancréas, le foie et les
parties médianes du jéjunum et de l'iléon ont été prélevés pour l'examen de la morphologie des organes et
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de l'intestin. Les résultats ont démontré que le taux de conversion alimentaire s'améliorait avec le dosage
de la protéase, le groupe C+500 démontrant l'efficacité la plus élevée (1,48 = 0,22). Les taux d'albumine
serique, de protéines totales et d'acide urique ont également augmenté de maniere significative (p<0,05),
les oiseaux nourris au régime C+500 ayant les valeurs les plus élevées. En revanche, la créatinine
serique était significativement (p<0,05) plus élevée dans le groupe témoin. La supplémentation en
protéase a également augmenté (p<0,05) la hauteur des villosités et la profondeur des cryptes dans
l'iléon et le jéjunum. Le poids relatif du foie a augmenté (p<0,05) tandis que celui du pancréas a diminué
(p<0,05) avec la protéase supplémentaire. En conclusion, ces résultats suggerent que la suppléementation
d'un régime a base de soja a haute teneur en inhibiteur de trypsine avec une protéase monocomposant a
500 g/tonne de régime complet pourrait étre utilisée pour obtenir de meilleures performances chez les

poulets dgés de 21 jours.

Mots-clés : Sérine protéase, Poulet de type viande, Enzymes alimentaires, Surdosage enzymatique

Introduction

Soybean meal remains the most used plant
protein feedstuff in chicken diets due to its well-
balanced amino acids and high digestibility
(Doskovic et al., 2013) Soybean meal fulfills
approximately 80% of the protein and amino
acid requirements for all types of poultry and

swine at every stage of production (NRC, 1994).

Soybeans contain various bioactive substances,
including enzyme inhibitors, lectins, phytates,
oligosaccharides, and phenolic compounds.
These substances play metabolic roles in
humans or animals that frequently consume soy-
based foods. The effects of these substances can
be considered positive, negative, or both
(Champ, 2002) Some of these substances, such
as trypsin inhibitors, have been classified as
anti-nutritional factors due to their impact on
diet quality (Boudry et al., 2004; Kaczmarek et
al., 2014; Erdaw et al., 2017) Soybean seeds
require pre-heat treatment to inactivate trypsin
inhibitors (Wedekind et al., 2020; Jiang et al.,
2021; Takacs et al., 2022), however, variability
in processing conditions among factories has led
to soybean products with varying nutritional
characteristics and trypsin inhibitor
concentrations (Karr-Lilienthal et al., 2005)
According to Clarke and Wiseman (2005, 2007),
trypsin inhibitory activity in soybean products
should not exceed 4.0mg/g, as trypsin inhibitor
activity above this threshold is correlated with
decreased digestibility, rapid feed passage,
pancreas hypertrophy, and higher endogenous
amino acid losses (Perilla et al., 1997; Boudry et
al., 2004; Pacheco et al, 2014). The
physiological demands on starter broilers to
reach target weight may also make them
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particularly sensitive to variability in trypsin
inhibitor activity (Clarke and Wiseman, 2005).
The inclusion of exogenous feed enzymes in
animal diets has been considered an effective
strategy to improve protein efficiency and
reduce feed costs in animal production (Adeola
and Cowieson, 2011; Erdaw et al., 2017a; Kim
et al., 2021) Microbial protease potentially acts
by outcompeting trypsin inhibitors (TI) for
active sites, thereby improving overall protein
and amino acid utilization, or by hydrolyzing
proteinaceous anti-nutrients and antigenic
proteins (Zuo et al., 2015; Walk et al., 2019;
Mohammadigheisar et al., 2021).

While previous studies have investigated the
dose effect of enzyme cocktails composed of
xylanase, amylase, and protease on the
performance and nutrient utilization of broiler
starters fed a maize-soy-based diet, limited
information is available on the dose effect of
mono-component exogenous protease in a high
trypsin inhibitor soybean-based diet. Therefore,
this study hypothesizes that dosage of a mono-
component protease supplementation in a high
trypsin inhibitor (TI = 8.47 mg/g) soybean-based
diet will impact feed conversion ratio, intestinal
histology and indices of protein metabolism in
21d broiler chickens.

Materials and methods

The protocol of the experiment reported herein
was reviewed and approved in the Department
of Animal Science, University of Ibadan.
Experimental diets, birds, and housing

A high trypsin inhibitor corn-soy-based diet (TI
= 8.47 mg/g) was created to fulfil or surpass the
breeders' nutritional requirements and served as
the control (C). To this diet, a mono-component
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protease with protease activity of
600,000units/gram (Cibenza® DP100, Novus
International) was added at 250 g/tonne (C+250),
and 500 g/tonne (C+500) of complete feed. A
total of 264 one-day-old broiler chicks were
obtained from a commercial hatchery,
individually tagged, weighed, and randomly
allotted to 24 groups of 11 chicks each, by
weight equalization (Kim and Lindemann, 2007).
Each group of chicks was offered one of the
three experimental diets. The chicks were raised
on deep litter in an open-sided, concrete-floored,
naturally illuminated (14L,10D) and ventilated
broiler house, with wood shavings as bedding
material at a density of 5.75 kg/m”. Each pen
had dimensions of 0.8 m % 0.8 m and was
equipped with a floor drinker and plastic feeder.
The temperature within the broiler house was
maintained at 32°C up to 7d, while ambient
temperature (24-29°C) was maintained for the
rest of the study period. Water and feed were
offered ad-libitum, and the required veterinary
vaccination regime against Marek's disease,
Infectious bursal disease, and Newcastle disease
were observed.

Sampling, data collection, and analyses

On 14d of the study, two chickens per replicate
were transferred into metabolic cages for excreta
collection for three days. The excreta voided
was pooled per cage, and aliquots were collected
in triplicates, extracted in distilled water (w/w)
and centrifuged at 15,000 rpm. The extract was
assayed for uric acid using the uricase PAP test
(RANDOX Laboratories Ltd, Crumlin, United
Kingdom).

On 21d of the study, 2 mL blood was sampled
from two chickens per replicate into plain vials,
left to sit for 30min then centrifuged at 15,000
rpm for 15 minutes to extract the serum. Serum
was then assayed for total protein, albumin,
creatinine, and uric acid using appropriate assay
kits (RANDOX Laboratories Ltd, Crumlin,
United Kingdom). Thereafter, the chickens were
sacrificed by severing the jugular vein with a
sharp knife, pancreas and liver were excised and
weighed, and pectoralis major and perinous
longus were harvested and assayed for crude
protein and crude fat (AOAC, 1990, 2006). Mid-
jejunal and mid-ileal segments of the
gastrointestinal tract were also harvested,
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Table 1. Gross composition and calculated nutrients of
experimental broiler starter diet

High trypsin
Ingredients inhibitor soybean- C + 250 C +500
(g/100g) based diet diet diet
(Control, C)
Soybean meal 17.50 17.50 17.50
Full-fat soya 26.00 26.00 26.00
Corn 45.00 45.00 45.00
Corn bran 7.28 7.28 7.28
Limestone 0.90 0.90 0.90
Dicalcium phosphate 2.00 2.00 2.00
Choline chloride 0.10 0.10 0.10
Sodium bicarbonate  0.30 0.30 0.30
Vit-mineral premix* 0.25 0.25 0.25
Lysine- HCI 0.30 0.30 0.30
L-Methionine 0.22 0.22 0.22
Table salt 0.15 0.15 0.15
Protease - + ++
Calculated Analysis'
Eflztragby"(ll‘f;bllﬂig) 3024 3024 3024
Crude protein (%) 23.00 23.00 23.00
Ether extract (%) 6.74 6.74 6.74
Crude Fibre (%) 428 4.28 428
Calcium (%) 1.08 1.08 1.08
Phosphorus (%) 1.73 1.73 1.73
Methionine (%) 0.54 0.54 0.54
Lysine (%) 1.42 1.42 1.42

*Composition of vitamin mineral premix per kg/diet: vitamin A,
10,000 IU; vitamin D3, 2,000 IU; vitamin E, 32 mg; vitamin Kj,
1.6 mg; vitamin B,, 2.5 mg; vitamin B,, 4.4 mg; niacin, 44 mg;
calcium pantothenate, 9.2 mg; vitamin Bg 4 mg; vitamin B,
0.02mg; choline chloride, 400 mg; folic acid, 0.8 mg; biotin, 0.064
mg; manganese, 96 mg; iron, 80 mg; zinc, 64 mg; copper, 6.8 mg;
iodine, 1.2 mg; cobalt, 0.24 mg; selenium, 0.096 mg; antioxidant,
96 mg.

C+250 = High trypsin inhibitor soybean-based diet + 250g
Cibenza® DP100/tonne

C+500= High trypsin inhibitor soybean-based diet + 500g
Cibenza® DP100/tonne;

Cibenza® DP100 is a mono-component protease produced by
Novus International.

'Calculated analysis based on nutritional values of feed ingredients
(NRC, 1994; Feedipedia).

flushed with distilled water, and stored in 10%
formalin for subsequent histological assessments.
Sections of the jejunum and ileum sampled were
stained with hematoxylin and eosin using
standard paraffin embedding, image processing
and analysis procedures ((Parlee et al., 2014;
Optimus  software version 6.5; Media
Cybergenetics, North Reading, MA).
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A representative sample of 200g of litter was
also collected from each pen into freezer bags on
21d of the study and stored at -20°C. Litter
ammonia concentration was analysed using the
micro-diffusion method (Hernandes and Cazetta,
2001).Feed conversion ratio (FCR) was
estimated as the ratio of feed consumed per
chicken to their body weight gain over 21days.
Statistical Analysis

The data were subjected to analysis of variance
(ANOVA) with diets as the treatment factor, and
significant means were separated using the
Duncan test, with significance based on a 5%
probability level (IBM Corp. Released 2012.
IBM SPSS Statistics for Windows, Version 21.0.
Armonk, NY: IBM Corp.).

Results and Discussion

The effect of protease dosage on feed conversion,
organ weights and carcass composition in broiler
starter chickens fed a high trypsin inhibitor
soybean-based diet are shown in Table 2.

Table 2. Effect of exogenous protease dosage in a high
trypsin inhibitor soybean-based diet on feed conversion,
organ weights and carcass composition in broiler

starter chickens
High
trypsin
Variables inhibitor C' +250 C' +500 SEM
soybean- diet diet
based diet
(Control, C)
Feed
conversion 1.87+£0.09° 1.68+0.11° 1.48+0.22°  0.04
ratio
Liver weight 4.05+0.14° 6.14+£0.21° 7.23+£0.26"  0.39
(®
Pancreas 1.78+0.09°  0.94+0.08°  0.82+0.05° 0.10
weight (g)
Carcass composition:Crude protein (%)
pectoralis 21.68+£1.93 2290+1.76 2251162 0.54
major
perones 2241+£1.63 2093+£095 20.00£0.76 0.49
longus
Carcass composition:Crude fat (%)
pectoralis 038037 0.17+0.12  0.14+0.12  0.08
major
peroneus 068+035 052+026  022+£027  0.11
longus

C+250 = High trypsin inhibitor soybean-based diet + 250g Cibenza®
DP100/tonne

C+500= High trypsin inhibitor soybean-based diet + 500g Cibenza®
DP100/tonne;

Cibenza® DP100 is a mono-component protease produced by Novus
International.

% P ¢ Mean values within a row with no common superscripts differ
significantly (P < 0.05).

SEM- Standard error of mean
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Protease dosage significantly improved (p<0.05)
feed conversion ratio in a high trypsin soybean-
based diet by 10.16% in the C+250 treatment
and by 20.86% in the C+500 treatment. These
results agree with reports of Cowieson and
Roos (2016); Erdaw et al (2017a, 2017b); Saleh
et al, 2018 Amiri et al (2021);
Mohammadigheisar et al (2021) and Tajudeen et
al (2022) who reported increased zootechnical
performance when proteases were included in
high trypsin inhibitor diets. Dietary proteins,
antinutritional factors such as trypsin inhibitors
and lectins, and antigenic proteins such as
glycinin and B-conglycinin are substrates for
exogenous proteases, hence the ability of
exogenous proteases to mitigate detrimental
effects of these antinutritional factors in poultry
(Cowieson and Roos, 2016), and enhance
protein/true nitrogen digestibility and utilization
for growth (Bertechini et al., 2009; Ghazi et al.,
2003; Saleh et al., 2018, 2020; Sorbara, 2009).
Exogenous proteases may also improve animal
performance by decreasing digesta viscosity and
improving enzyme-digesta interactions (Erdaw
et al, 2017a). Also, exogenous proteases
generally impact zootechnical attributes
positively in the starter phase of growth (Wang
et al., 2008)and could be attributed to severe
“rapid feed passage syndrome” induced by
trypsin inhibitors in later phases of growth (Ruiz
and De Belalcazar, 2005). Sensitivity of the
pancreas and liver of chickens to protease dosing
was also recorded in the current study with a
steady decline (p<0.05) in pancreas weight and
increase (p<0.05) in liver weight. Pancreas
weight is highly correlated to dietary trypsin
inhibitor levels, and increases in pancreas weight
are indicative of pancreatic hypertrophy or
hyperplasia- a result of compensatory enzyme
secretion (especially trypsin and chymotrypsin)
by the pancreas to offset the limited
concentration and function of trypsin after
trypsin inhibitors complex irreversibly with
trypsin in the small intestine (Cabrera-Orozco et
al., 2013; Pacheco et al., 2014; Aderibigbe et al.,
2020). Relative liver weight also correlates well
with exogenous protease supplementation and is
considered key in growth and development
studies especially when protein sources with
high trypsin inhibitor concentrations are fed.
This is considered a consequence of increased
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influx of absorbed nutrients leading to increased
nutrient synthesis (Ndazigaruye et al., 2019).
Findings in this study are consistent with reports
of Rehman et al., (2017) and Erdaw et al., (2018)
who recorded higher liver weights in birds fed
diets supplemented with microbial proteases.
There were however no effects of protease
supplementation and dosing (p>0.05) on carcass
protein and fat composition determined in the
breast (pectoralis major) and thigh (peroneus
longus) muscles in this study. Studies have
reported significant reduction in carcass protein
and fat of 21d broiler chickens fed a high trypsin
inhibitor diet of raw soybeans (70 TIU/g DM)
compared to low trypsin diets of processed
(autoclaved and roasted) soybeans in broiler
chickens at 21 days of age (Chohan et al., 1993)
hence we opine that the trypsin inhibitor levels
in the current study may not have been sufficient
to elicit a similar effect.

Serum uric acid, total protein, albumin, and
creatinine are indices of protein utilization hence
were used to monitor the effects of trypsin
inhibitors and the possible mitigating effect of a
mono-component protease in different doses.
The effect of exogenous protease dosage in a
high trypsin inhibitor soybean-based diet on
serum, excreta and litter indices are presented in
Table 3.

Table 3. Effect of exogenous protease dosage in a high
trypsin inhibitor soybean-based diet on serum, excreta,
and litter indices of protein metabolism

High  trypsin
inhibitor
Variables soybean-based C_ +250 C_ +500 SEM
diet diet diet
(Control, C)
Serum
Uric acid 988+031° 1034+016° 11.01+047 0.12
(mg/dL)
Albumin b . .
(g/dL) 1.55+0.17 1.86 £0.07 1.92+0.05 0.04
Total protein 5 79¢  350+060°  4.25+041° 0.18
(g/dL)
Creatinine 028+ 0.01° 0.24 +0.03° 020+001° 0.01
(mg/dL)
Excreta uric acid 130.004 2.60 2522344339 352.20+058 15.80
(mg/g) ‘
Litter Ammonia 5 4> 1 5800 74.5341639° 54424930° 131

(ppm)

D¢ Mean values within a row with no common superscripts differ

significantly (P < 0.05).

C+250 =

Cibenza® DP100/tonne

C+500= High trypsin inhibitor soybean-based diet + 500g

Cibenza® DP100/tonne;

High trypsin inhibitor soybean-based diet + 250g
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Cibenza® DP100 is a mono-component protease produced by
Novus International.

Significant (p<0.05) increases in serum and
excreta uric acid concentrations as well as total
protein and albumin were observed in the C+250
and C+500 treatments, while serum creatinine
decreased (p<0.05) with the treatments. Since
serum total protein and albumin are considered
markers of protein reserves (Hanauska-Brown et
al., 2003) and sensitive to protein availability
and scarcities, the rise in serum total protein and
albumin in response to protease dosage in the
current study emphasizes the ability of the
mono-component protease to override the
trypsin inhibitors' inhibitory effect and increase
proteins available from the diet (Allouche et al.,
2015; Saleh et al., 2020). It has also been shown
that the concentration of plasma albumin relates
to improved immunity status in birds (Ding et
al., 2016; Saleh 2017; Ndazigaruye ef al., 2019).
Conversely, serum creatinine is a waste product
made by the non-enzymatic conversion of
muscle creatine and creatine phosphate
considered an indicator of kidney functions.
Although a lower concentration of creatinine is
observed in the present investigation compared
to similar studies ( Omar et al., 2021; Elbaz et
al., 2023), this may be due to the smaller muscle
mass of the chickens associated with their age
(Thongprayoon et al., 2016). The concentration
of creatinine to protease supplementation in the
birds agrees with reports of Dongare ef al., 2013.
Higher serum and excreta uric acid with higher
protease dosage may be due to a higher
availability and efficiency of amino acids
utilization as wuric acid is a product of
deamination in poultry species (Donsbough et
al., 2010). However, serum uric acid increased
with dosage supplementation of exogenous
protease (Ndazigaruye et al., 2019). Litter
ammonia was significantly different among the
treatments but not evidently influenced by
protease dosage. In a similar study, litter
ammonia at 35d increased (p<0.05) by protease
supplementation but not (p>0.05) by trypsin
inhibitor levels of the diet (Erdaw et al., 2017a).
The effect of exogenous protease dosage in a
high trypsin inhibitor soybean-based diet on
histology of mid-jejunum and mid-ileum are
presented in Table 4.
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Table 4. Effect of exogenous protease dosage in a high
trypsin inhibitor soybean-based diet on the histology of
the jejunum and ileum of 21d old chicken

High trypsin
. inhibitor
Variables soybean-based C *+250 C +300 SEM
(um) diot diet diet
(Control, C)
Mid
jejunum
crypt b ab a
dopth 493.14+75.08 575.86+86.81"  647.63+166.70 26.32
K::liléht 1501.23+217.09°  1678.39+111.52° 1995.72+47.89°  51.03
Mid
ileum
crypt b b a
dopth 490.12+100.00°  519.75+60.87°  1152.75+58.78 65.41
K::liléht 1234.41+40.87"  133425+71.07° 1340.03455.67°  15.06

»b ¢ Mean values within a row with no common superscripts differ
significantly (P < 0.05).

C+250 = High trypsin inhibitor soybean-based diet + 250g
Cibenza® DP100/tonne

C+500= High trypsin inhibitor soybean-based diet + 500g
Cibenza® DP100/tonne

Cibenza® DP100 is a mono-component protease produced by
Novus International

Inclusion of a protease in the high trypsin
inhibitor diet increased (p<0.05) villus height
and crypt depth in both jejunal and ileal tissues
of the birds in this study, with a similar trend
reported in earlier studies (Kamel et al., 2015;
Aderibigbe ef al., 2020;). Villus height and crypt
depth are indices closely associated with nutrient
absorption (Choct, 2006) and gut health, with
less-than-optimal ~ digestibility of  protein
feedstuffs that make up the diet adversely
impacting intestinal development and function
(Gilbert et al., 2008; Wijtten et al., 2010). These
results indicate that more energy is made
available to improve intestinal morphology in
the supplemented treatments (Ding et al., 2016).

Conclusion

Supplementation of a high trypsin inhibitor
soybean-based diet with a mono-component
protease alleviated the negative impact of
trypsin inhibitors on feed conversion, protein
utilization indices and gastrointestinal histology
in 21d old broiler chicken. Dosing of the mono-
component protease at 500g/tonne complete diet
induced similar or better effects on indices

Novus International Inc. Saint Charles, Missouri,
USA and carried out at the Department of
Animal Science, University of Ibadan, Nigeria.
The authors acknowledge M. T. Oyeniyi for her
assistance in securing the funds.
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