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Abstract

This study determined the effect of protease supplementation in fishmeal-based diets on growth
performance and meat quality of commercial broiler birds. Four hundred and thirty-two (432) day-old broiler
chicks were divided into 36 experimental units of 12 chicks each. Nine experimental diets were formulated
using three levels (0%, 25%, and 50%) of the fishmeal as protein source, on protein equivalent basis, with or
without alkaline protease (CIBENZA® DP100), and with overestimation of nutritional value based on the
enhanced digestibility coefficient (EDC) concept because of the use of alkaline protease. Feed consumption
and bodyweight were measured weekly. On the last day of the trial, two birds from each pen were picked
and processed for carcass and meat quality parameters. Data were analysed by analysis of variance in a 3 x
3 factorial arrangement of completely randomized design. Weight gain and feed conversion ratio (FCR) were
improved in the birds with 25% fishmeal as a replacement for soybean meal (SBM) and enzyme
supplementation. Similarly, higher protein digestibility, dressing percentage and thigh meat yield were
observed in birds fed diets with 25% fishmeal with added enzyme. In the blood biochemical profile, uric acid
levels were lower, and cholesterol and triglyceride were higher in the group fed diets with 25% fishmeal with
EDC and enzyme. The addition of protease enzyme to the diet with 25% fishmeal improved growth
performance, crude protein digestibility and carcass characteristics.

Keywords: complete blood count, enzyme, enhanced digestibility coefficient, soybean meal, serum
biochemistry
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Introduction

Precise feeding refers to the practice of meeting the nutrient requirements of birds accurately and
involves the provision of the right amount of feed with optimum nutrient balance at right time (also called
phase feeding) (Banhazi et al., 2012). After phase feeding, nutritionists devised a new term called ‘enhanced
digestibility coefficient’, in which overestimation of the nutrients of various ingredients is being used under the
influence of supplemented protease (Bertechini et al., 2020). Thus, dietary exogenous mono-component
protease was used in fishmeal-based diets and was also reported to enhance the digestibility coefficients of
amino acid-based diets. In another work with the same protease, increased digestibility was reported
(Carvalho et al., 2009) of some amino acids (AAs) in SBM, corn and corn and wheat-based diets.

The gastrointestinal tract (GIT) of birds is not fully developed in the early days of its life, particularly
secretion with sub-optimal levels of enzymes (Yin et al., 2018). A faster digesta passage rate and high
demand for AA by the birds cause inadequate exposure to endogenous enzymes (Doskovi¢ et al., 2013) and
a considerable portion of protein can be excreted (Lemme et al., 2004). The high demand of AAs by birds
can be met by increasing dietary crude protein (CP) contents or by adding exogenous protease, which would
complement the endogenous proteolytic activity to digest the dietary proteins well. Digestion of proteins
begins in the proventriculus, where the pH is 2.5 to 3 (highly acidic), followed by the duodenum, in which the
pH is 6 to 6.8 (neutral). In the first few weeks, the amount of proteases in pancreatic juice and pepsin is
insufficient (Uni & Sklan, 1999). This insufficiency can be mitigated with the supplementation of protease in
broiler diet. Proteases are pH specific, but there is a wide variation in the pH of the GIT from highly acidic to
moderately neutral. This refutes the one-size-fits-all approach and permits the use of proteases that can act
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efficiently on a wide range of pH. Proteases may help in the solubility of dietary proteins and also hydrolysis
of certain proteins (Caine et al., 1998).

Several studies explained the positive effects of exogenous protease supplementation in poultry
diets. Birds fed a low protein diet (20.5% CP) with protease at 7500 PROT units/kg showed improved FCR
compared with control (22.5% CP) (Angel et al., 2011). Moreover, the addition of 0.075% protease increased
bodyweight gain (BWG) (Yadav & Sah, 2005). However, the response of chicken broilers to the addition of
protease was not always positive. Several studies reported that protease supplementation did not improve (P
>0.05) feed intake and FCR (Flores et al., 2016; Walk et al., 2019). Therefore, the present study was
envisaged to evaluate the effect of commercial protease supplementation to fishmeal-based diets on growth,
protein digestibility, serum biochemistry and microbial count of commercial broiler chickens.

Materials and Methods

This study investigated the effects on chicken broilers of protease in a fishmeal-based diet. Four
hundred and thirty-two (432) broiler chicks were distributed into thirty-six (36) experimental units of 12 chicks
each. Isocaloric and isonitrogenous diets were prepared using 0%, 25%, and 50% of fishmeal with and
without protease (CIBENZA® DP100) supplementation. Because supplemental protease may increase AA
digestibility (Table 1), a third trio of diets was formulated using the EDC (Bertechini et al., 2020) with software
that was developed by Novus International (2016). The exogenous protease (CIBENZA® DP100) in this
study was supplied by Novus International (Bangkok, Thailand). CIBENZA DP100 is a broad-spectrum
protease that works on all protein sources and is used as a feed additive because it is heat stable protease
and optimizes digestibility in poultry. It consists of dried Bacillus licheniformis produced by fermentation
combined with ground limestone, mineral oil, and natural flavour. The enzyme activity of the protease is said
to be 600000 U/g and it is fed at the rate of 500 g/ton of feed. The diets for the starter and finisher phases
are shown in Tables 2 and 3.

Table 1 Nutritional values for maize, soybean meal and fishmeal based on conventional approaches and
recognizing the enhancement of digestibility when feeding protease

Maize Soybean meal Fishmeal

sDC EDC sSDC EDC SDC EDC
Crude protein, % 8.04 8.28 46.00 47.23 54.60 55.71
Metabolizable energy, Kcal/kg 3372 3381 2396 2437 2851 2893
Lysine, g/100 g 0.21 0.22 2.60 2.67 2.89 2.97
Methionine, g/100 g 0.17 0.17 0.57 0.59 1.15 1.17
Methionine + cysteine, /100 g 0.33 0.34 1.16 1.20 1.92 1.98
Threonine, g/100 g 0.32 0.33 1.57 1.62 1.86 1.90
Tryptophan, g/100 g 0.06 0.06 0.59 0.61 0.38 0.39
Isoleucine, g/100 g 0.27 0.28 1.93 1.98 1.91 1.94
Valine, g/100 g 0.36 0.37 1.99 2.05 2.22 2.27
Arginine, g/100 g 0.38 0.39 3.18 3.26 2.90 2.95

SDC: standard digestibility coefficient, EDC: enhanced digestibility coefficient
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Table 2 As-fed composition and nutrient analysis of diets with and without protease that were fed to broilers
during the starter phase

Without protease With protease EDC formulation with

protease

Level of fishmeal 0% 25%  50% 0% 25%  50% 0% 25%  50%

Ingredients, %
Corn 55.88 60.10 63.72 5590 60.10 63.72 57.97 62.13 65.82
Soybean meal 3710 2730 1820 37.10 2730 1820 3530 2590 16.90
Fishmeal 0.00 7.70 15.30 0.00 7.70 15.30 0.00 7.30 14.40
Soybean oll 2.27 1.23 0.23 2.27 1.23 0.23 1.79 0.82 0.00
Calcium carbonate 0.92 0.70 0.49 0.92 0.70 0.49 0.93 0.72 0.52
Dicalcium phosphate 2.13 1.29 0.39 2.13 1.29 0.39 2.15 1.33 0.53
Sodium chloride 0.22 0.16 0.00 0.22 0.16 0.00 0.31 0.13 0.04
Sodium bicarbonate 0.37 0.50 0.60 0.37 0.50 0.60 0.42 0.55 0.67
L-Lysine sulphate 0.37 0.41 0.43 0.37 0.41 0.43 0.39 0.43 0.47
DI-Methionine 0.33 0.29 0.24 0.33 0.29 0.24 0.33 0.29 0.24
L-Threonine 0.10 0.10 0.09 0.10 0.10 0.09 0.10 0.09 0.10
Vitamin premixl 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Mineral premix2 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Phytase 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Protease 0 0 0 0.035 0.035 0.035 0.035 0.035 0.035

Calculated nutrient content
Metabolizable energy, kcal/kg 3000 3000 3000 3000 3000 3000 3000 3000 3000

Crude protein 22 22 22 22 22 22 22 22 22

Ether extract 4.64 4.60 4.60 4.64 4.60 4.60 4.20 4.20 4.30
Crude fibre 2.71 2.53 2.16 2.71 2.53 2.16 2.67 2.50 2.14
Calcium 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Available phosphorus 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48
Sodium 0.20 0.25 0.25 0.20 0.25 0.25 0.25 0.25 0.28
Potassium 0.86 0.74 0.63 0.86 0.74 0.63 0.83 0.71 0.61
Chlorine 0.20 0.16 0.07 0.20 0.16 0.07 0.25 0.15 0.09
Digestible methionine + cysteine 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Digestible lysine 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28
Digestible tryptophan 0.25 0.22 0.20 0.25 0.22 0.20 0.25 0.23 0.20
Digestible threonine 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
Digestible arginine 1.39 1.32 1.26 1.39 1.32 1.26 1.38 1.30 1.23
Digestible valine 0.94 0.93 0.93 0.94 0.93 0.93 0.92 0.92 0.92
Digestible Leucine 1.70 1.72 1.76 1.70 1.72 1.76 1.23 1.68 1.70
Digestible isoleucine 0.87 0.84 0.82 0.87 0.84 0.82 0.88 0.83 0.80

Analysed nutrient content, %

Dry matter 88.91 89.44 90.17 89.84 90.31 89.93 89.74 89.45 90.09
Crude protein 21.67 2209 2244 2165 2277 2156 22.05 2159 21.76
Ether extract 4.02 3.67 351 3.98 3.54 3.47 3.67 3.44 3.21
Acid insoluble ash 1.23 1.43 1.09 1.19 1.04 1.11 1.21 1.24 1.33

Lvitamin A: 10000 IU, riboflavin: 5 mg, calcium pantothenate: 12 mg, thiamine: 2.2 mg, folic acid: 1.55 mg, nicotinic acid:
44 mg, Vitamin B6: 2.2 mg, vitamin B12: 12.1 ug, choline chloride: 250 mg, D-biotin: 0.11 mg, vitamin D3: 1100 IU,
vitamin E: 11.0 IU, vitamin K: 1.1 mg per kg of diet

%lron: 30 mg, zinc: 50 mg, copper, 5 mg, manganese: 60 mg, cobalt: 0.1 mg, iodine: 0.3 mg, selenium: 1 mg

EDC: enhanced digestibility coefficient
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Table 3 As-fed composition and nutrient analysis of diets with and without protease that were fed to broilers

during the finisher phase

Without protease

With protease

EDC formulation with

protease
Level of fishmeal 0% 25% 50% 0% 25% 50% 0% 25% 50%
Ingredients
Corn 58.70 62.47 66.26 58.66 62.47 66.26 60.53 64.27 67.6
Soybean meal 33.00 2430 1580 33.00 2430 1580 31.30 23.00 15.00
Fishmeal 0.00 6.80 13.40 0.00 6.80 13.40 0.00 6.50 12.70
Soybean oil 4.80 3.70 2.80 4.80 3.70 2.80 4.30 3.40 2.80
Calcium carbonate 0.70 0.54 0.36 0.74 0.54 0.36 0.75 0.56 0.39
Dicalcium phosphate 1.73 0.99 0.22 1.73 0.99 0.22 1.75 1.03 0.31
Sodium chloride 0.37 0.38 0.23 0.37 0.38 0.23 0.6 0.35 0.2
Sodium bicarbonate 0.08 0.2 0.31 0.08 0.2 0.31 0.13 0.25 0.36
L-Lysine sulphate 0.09 0.13 0.17 0.09 0.13 0.17 0.11 0.15 0.19
DI-methionine 0.22 0.18 0.14 0.22 0.18 0.14 0.22 0.18 0.14
Vitamin premix* 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Mineral premix® 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Extra phytase 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Protease 0 0 0 0.03 0035 003 0035 0.035 0.035
Nutrients (calculated), % except as noted
Metabolizable energy, kcall/kg 3200 3200 3200 3200 3200 3200 3200 3200 3200
Crude protein 20 20 20 20 20 20 20 20 20
Ether extract 7.20 7.00 7.00 7.20 7.00 7.00 6.70 6.70 6.70
Crude fibre 2.59 2.43 2.09 2.59 2.43 2.09 2.55 2.40 2.09
Calcium 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Available phosphorus 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Sodium 0.18 0.25 0.25 0.18 0.25 0.25 0.29 0.25 0.25
Potassium 0.79 0.69 0.58 0.79 0.69 0.58 0.77 0.66 0.57
Chlorine 0.29 0.29 0.20 0.29 0.29 0.20 0.43 0.28 0.19
Digestible methionine + cysteine 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Digestible lysine 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03
Digestible tryptophan 0.23 0.21 0.18 0.23 0.21 0.18 0.23 0.21 0.18
Digestible threonine 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71
Digestible arginine 1.27 1.21 1.14 1.27 1.21 1.14 1.26 1.19 1.13
Digestible valine 0.87 0.86 0.85 0.87 0.86 0.85 0.85 0.85 0.85
Digestible leucine 1.59 1.61 1.63 1.59 1.61 1.63 1.17 1.57 1.59
Digestible isoleucine 0.80 0.77 0.74 0.80 0.77 0.74 0.81 0.76 0.73
Nutrients (analysed), %
Dry matter 89.89 89.82 89.12 8965 89.95 8899 88.97 89.67 89.78
Crude protein 19.69 20.34 19.47 19.47 1947 20.13 19.47 19.47 19.91
Ether extract 5.98 5.34 5.12 5.78 5.44 5.02 5.45 5.12 4.98
Acid insoluble ash 1.13 1.33 1.26 1.13 1.09 1.32 121 1.19 1.18

Vitamin A: 10000 IU, riboflavin: 5 mg, calcium pantothenate: 12 mg, thiamine: 2.2 mg, folic acid: 1.55 mg, nicotinic acid:
44 mg, Vitamin B6: 2.2 mg, vitamin B12: 12.1 ug, choline chloride: 250 mg, D-biotin: 0.11 mg, vitamin D3: 1100 IU,
vitamin E: 11.0 IU, vitamin K: 1.1 mg per kg of diet
%lron: 30 mg, zinc: 50 mg, copper, 5 mg, manganese: 60 mg, cobalt: 0.1 mg, iodine: 0.3 mg, selenium: 1 mg
EDC: enhanced digestibility coefficient
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Bodyweight and feed offered and refused were recorded weekly. Feed intake was calculated by
subtracting feed refused from feed offered. Feed conversion ratio was calculated by dividing feed intake (g)
by weight gain (g). Protein efficiency ratio (PER) was calculated by dividing weight gain (g) by protein intake
(Kamran et al., 2008). European production efficiency factor (EPEF) was calculated multiplying liveability,
live weight (kg) with 100 and divided by FCR and age (days) using this formula (Marcu et al., 2013).

Livability x Live weight
EPEF = - — x 100
Age x feed conversion ratio

Digestibility of the dietary nutrients was measured with the indirect marker method. Acid insoluble ash
(AIA) was used as an external marker. Celite® (a source of AlA) was added to feed at 1.0% of the ration on
the 30th day of the experiment. An adaptation period of 48 hours was given to the birds before collection.
After that fresh faecal samples were collected through sterilized spatula in zipper bags after every hour until
sufficient amount was collected. Faecal samples were weighed and dried at 65 °C to preserve the samples
and then contents of feed and faeces were analysed for nutrient composition (AOAC, 2000). This
relationship was used to determine the digestibility coefficient for each nutrient.

% marker in feed % nutrient in feces

Digestibility (%) = 100 —
igestibility (%) % marker in feces X % nutrient in feed

At the end of the trial, two birds were randomly chosen from each experimental unit, weighed and
processed to determine the dressing percentage, breast meat yield, thigh meat yield and relative weights of
the abdominal fat pad, heart, liver and gizzard. Meat portion from the breast was chilled at 4 °C before
measuring the pH, water holding capacity and cooking loss. Following Jeacocke (1977), at three hours after
slaughter approximately 1.5 g of breast muscle was homogenized in 10 mL water and pH was measured
with a pH meter (MW102, Milwaukee Instruments, Inc., Rocky Mount, North Carolina, USA). To determine
water-WHC, a 15 g sample of the breast muscle was centrifuged at 5000 rpm for 15 minutes, water released
from the meat was drained off to avoid re-absorption, and the meat samples was reweighed to determine
liquid loss (Pearson & Dutson, 1995). A meat sample weighing approximately 40 g was cooked to an internal
temperature of 75 + 1 °C in a water bath (80 £ 0.5 °C) for half hour. After the meat was cooled, cooking loss
was calculated as the difference in weight of the sample before and after cooking (Ahmed et al., 2015).

At the end of the experiment, two birds from each unit were placed in a separate pen with a
cleaned plastic sheet and fresh faecal samples were collected. Then, 1/10 serial dilutions of excreta were
prepared in buffered peptone water. Nutrient and Rogosa (Rogosa et al., 1951) agars were used for total
bacteria and lactobacilli counts, respectively. Rapid E. Coli 2 agar and E. Coli supplement was used to
quantify E. coli. Blood samples were collected to separate serum for biochemical analyses through
commercial assay kits that is, total protein, serum albumin, urea, uric acid, triglycerides, and cholesterol.
Blood was collected in EDTA tubes for a complete blood count.

Data were subjected to analysis of variance appropriate to a 3 x 3 factorial arrangement of
treatments to determine the effects of the diets, level of fishmeal and the interaction. If an effect was
significant (P <0.05), then Tukey’s HSD test was used to compare the means (Steel et al., 1997).

Results and Discussion

Growth performance data are given in Table 4. The interaction of fishmeal and diet formulation was
highly significant for weight gain (P <0.01) and significant for feed intake (P <0.05). Thus, because the
differences between the levels of fishmeal depended on the diet formulation and vice versa, means for the
main effects are not shown. As a result, all of the efficiency ratios were significantly affected by the
interaction between diet formulations and level of fishmeal that was included in it. When fishmeal was not
included in the diet, feed intake was lower than when protease was provided in the conventional diet, but
feed intake higher with the EDC formulated diet that included protease. Feed intake was similar across all
diets that contained fishmeal.
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Table 4 Effect of protease supplementation on the growth of broilers fed various levels of fishmeal

Treatments
Feed Intake, g = Weight gain, g FCR PER EPEF
Fishmeal Diet formulation
0% -P 3334.3% 1821.7¢ 1.83% 2.91%° 360.72
+P 3233.9° 2018.3% 1.60° 3.07° 355.0%
EDC + P 3508.6% 2079.8% 1.69° 2.69°c% 280.5°
25% -P 3277.9% 1969.8%° 1.67 2.49° 269.2%
+P 3300.0% 2078.4% 1.59° 3.09? 382.1%
EDC +P 3451.0% 1795.2% 1.92° 2.98% 334.1%°
50% -P 3329.4% 1744.0° 1.917 2.8280cd 276.2%
+P 3423.5% 1886.7°¢ 1.82% 2.63%% 255.0¢
EDC +P 3362.6% 1904.2°% 1.77%¢ 2.59% 230.4¢
SE 52.9 37.4 0.04 0.06 16.2
P-values
Fishmeal 0.800 0.001 0.002 0.001 0.001
Diet formulation 0.010 0.001 0.001 0.001 0.004
Fishmeal x diet formulation 0.035 0.001 0.001 0.001 0.001

a,b,c,d

Within a column, means followed by a similar superscript were not significantly (P <0.05) different

-P: conventional diet without protease, +P: conventional diet with protease, EDC +P: diet formulated using enhanced
digestibility values and including protease, FCR: feed conversion ratio, PER: protein efficiency ratio, EPEF: European
production efficiency factor; EDC: enhanced digestibility coefficient

Data describing carcass yields and meat quality from 35-day-old broilers are shown in Table 5. The
interaction of diet formulation with the level at which fishmeal was included had an effect (P <0.05) on
dressing percentage and the yield of thigh meat. The diet formulation had effects on breast yield and water-
holding capacity, which approached statistical significance (P <0.10). The level of fishmeal in the diet
affected the yields of breast and thigh and water-holding capacity. The yield of breast meat was higher for
birds fed 0% fishmeal than those fed 25%. However, the birds that were fed 50% fishmeal had a breast yield
that was intermediate between these extremes and were not significantly different from either. The birds fed
25% fishmeal yielded a greater percentage of thigh than birds fed 0% and 50%, which were similar. Water-
holding capacity was greatest for the birds that were not fed fishmeal.
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Table 5 Effect of protease supplementation on carcass yield and meat quality of broilers fed various levels of
fishmeal

Carcass yield, % Meat quality
Fishmeal  DietFormuiation  poeetie BRSO ey % PH loes o
0% 61.4 29.5% 21.3° 62.53% 5.96 27.15
25% 59.6 26.9" 23.2° 58.21° 5.86 27.48
50% 59.1 28.0%° 21.0° 59.00" 5.92 27.30
SE 0.97 0.69 0.38 0.88 0.04 1.19
-P 60.0 29.1 21.7 61.52 5.87 27.92
+P 58.5 26.7 22.1 59.86 5.97 27.39
EDC + P 61.6 28.6 21.6 58.36 5.90 26.62
SE 0.97 0.69 0.38 0.88 0.04 1.19
0% -P 60.8% 30.2 20.7" 65.72 5.96 25.82
+P 58.1% 28.2 20.5° 61.54 5.94 27.53
EDC +P 65.4° 30.0 22.6%° 60.33 5.98 28.10
25% -P 60.4%° 27.9 23.8% 59.87 5.76 28.68
+P 60.7%° 26.8 24.0% 58.92 5.98 27.08
EDC +P 57.7% 26.1 21.6%° 55.84 5.86 26.70
50% -P 59.0% 29.3 20.5° 58.98 5.90 29.26
+P 56.8" 25.2 21.9%° 59.12 5.99 27.56
EDC +P 61.6% 29.7 20.6° 58.91 5.88 25.07
SE 1.68 1.20 0.66 1.52 0.07 2.06
P-Value
Fishmeal 0.233 0.048 0.001 0.006 0.268  0.981
Diet formulation 0.105 0.052 0.577 0.062 0.267  0.743
Fishmeal x diet formulation 0.045 0.342 0.011 0.403 0.526 0.621

&5¢ Within a column, means followed by a similar superscript were not significantly (P <0.05) different
-P: conventional diet without protease, +P: conventional diet with protease, EDC +P: diet formulated using enhanced
digestibility values and including protease, EDC: enhanced digestibility coefficient

Data on total bacterial and coliform count are shown in Table 6. Differences in total bacterial count
among the levels of fishmeal were significant in those diets to which fishmeal had been added, producing
higher counts than the diet without fishmeal. However, these effects should be interpreted with caution
because the interaction of the fishmeal effect with the effect of protease supplementation approached
significance. The apparent interaction results from the high bacterial count for birds fed the 50% fishmeal
diet, which was not supplemented with protease. No differences among the treatments were noted in
coliform count. Odetallah et al. (2005) reported a reduction (P <0.05) of ileal Clostridium perfringens with the
supplementation of protease.

An interaction between the level of fishmeal and diet formulation was observed for crude protein
digestibility (P =0.04). Higher protein digestibility was found in diet where 25% of the SBM was replaced with
fishmeal on protein equivalent basis with the addition of protease. However, diet formulation had no effect on
CP digestibility in either the diet that did not contain fishmeal or the diet in which 50% of the SBM was
replaced by fishmeal.
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Table 6 Effect of protease supplementation on microbial count and CP digestibility in broilers fed different
levels of fishmeal

. , : Total bacterial count, x10°* Coliform count, x10 .
Fishmeal Diet formulation CFUIlg CFUIlg CP digestibility, %
0% 7.51° 1.64 68.28%
25% 11.992 1.82 66.65%
50% 13.38° 2.10 64.37°

SE 0.827 0.15 0.78
-P 11.63 1.95 64.55°
+P 10.90 1.79 68.48%
EDC +P 10.35 1.83 66.28%
SE 0.827 0.15 0.78
0% -P 7.03" 1.68 65.62%°
+P 8.70" 1.58 69.87%°
EDC +P 6.80° 1.67 69.34%°
25% -P 11.33%® 1.73 64.47°
+P 12.29% 1.90 70.91%
EDC +P 12.35% 1.83 64.57%
50% -P 16.532 2.42 63.57"
+P 11.73%® 1.90 64.64%
EDC +P 11.89% 1.99 64.92%
SE 1.43 0.26 1.35

P-value
Fishmeal 0.001 0.117 0.006
Diet formulation 0.555 0.759 0.005
Fishmeal x diet formulation 0.036 0.723 0.039

aPC\Within a column, means followed by a similar superscript were not significantly (P <0.05) different

-P: conventional diet without protease, +P: conventional diet with protease, EDC +P: Diet formulated using enhanced
digestibility values and including protease, EDC: enhanced digestibility coefficient

Data on serum biochemistry are presented in Table 7. The interaction between the level of fishmeal in
the diet and protease supplementation was significant (P <0.01) for the levels of uric acid albumin,
cholesterol, and triglycerides in the serum, and approached significance (P <0.10) for urea and total proteins.
Serum uric acid levels were elevated in broilers fed 50% fishmeal supplemented with protease compared
with those birds fed the same diet without protease. The birds fed the 50% fishmeal diet that was formulated
with EDC had an intermediate level of serum uric acid. However, this pattern of effects was not observed
when lower levels of fishmeal were fed. When feeding the diet without fishmeal or with 25% fishmeal,
protease supplementation produced no significant differences. Serum albumin was higher in broilers that
were fed 25% fishmeal and not supplemented with protease compared with those fed this level of fishmeal in
a diet formulated using with EDC and supplemented with protease. The conventional diet with 25% fishmeal
produced an intermediate response. Again, this pattern of effects was not observed with 0% or 50% fishmeal
in which there were no differences that could be ascribed to protease supplementation. The interaction
effects on cholesterol are perplexing. When the birds were fed the diet without fishmeal, there were no
differences between the diet without protease, the diet with protease and the diet formulated using EDC and
supplemented with protease. However, when feeding the 25% fishmeal diet the serum cholesterol was
elevated in the broilers fed the diet formulated using EDC and supplemented with protease, whereas when
feeding the 50% fishmeal diet, serum cholesterol was elevated in the birds fed the conventional diet
supplemented with protease. These two diets that produced elevated levels of cholesterol produced the
highest and lowest levels of triglycerides.
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Table 7 Effect of protease supplementation on serum biochemistry in broilers fed various levels of fishmeal

Total Serum

Fishmeal  Protease Blood urea Uric acid proteins albumin Cholesterol  Triglycerides
mg/dl mg/dl ma/dl mg/d| mg/dl mg/dl
0% 5.67 3.34 2.65" 1.04° 164.17 71.75
25% 6.08 3.44 3.12% 1.27° 159.00 77.58
50% 6.00 4.46 2.80%" 1.12%° 157.17 57.25
SE 0.58 0.37 0.11 0.05 7.25 6.92
-P 5.42 3.11° 3.06 1.26 149.75 68.75
+P 5.92 4.48° 2.73 1.09 163.08 64.58
EDC +P 6.42 3.65% 2.78 1.08 167.50 73.25
SE 0.58 0.37 0.11 0.05 7.25 6.92
0% -P 5.25 3.18° 2.85% 1.08™ 181.50% 69.25%
+P 6.00 4.05% 2.30° 0.88° 156.50% 94.25%
EDC +P 5.75 2.80° 2.80% 1.18%° 154.50%° 51.75%
25% -P 6.00 3.70° 3.58° 1.58° 134.50° 71.25%
+P 4.25 253" 2.98% 1.33% 133.50" 53.00%"
EDC +P 8.00 4.10% 2.80% 0.90™ 209.00% 108.50°
50% -P 5.00 2.45° 2.75% 1.13" 133.25" 65.75%
+P 7.50 6.88% 2.93% 1.08™ 199.25° 46.50"
EDC +P 5.50 4.05% 2.73% 1.15%° 139.00° 59.50%
SE 1.00 0.65 0.19 0.09 12.6 12.0

P-Value

Fishmeal 0.865 0.083 0.018 0.018 0.780 0.120
Protease 0.483 0.047 0.093 0.083 0.216 0.679
Fishmeal x protease 0.082 0.002 0.027 0.001 0.001 0.006

3PS \Within a column, means followed by a similar superscript were not significantly (P <0.05) different

-P: conventional diet without protease, +P: conventional diet with protease, EDC +P: Diet formulated using enhanced
digestibility values and including protease, EDC: enhanced digestibility coefficient

Protease supplementation was expected to increase nutrient digestibility and absorption, resulting in
improved growth performance. The present results were in line with the findings of Mohammadigheisar and
Kim (2018), who concluded that protease supplementation alleviated the adverse effects of low levels of
dietary CP on weight gain and FCR. Similarly, reduced dietary CP decreased the growth of broiler chickens
linearly, whereas protease supplementation improved BWG and FCR (Law et al., 2018). Broilers fed a
wheat-based diet supplemented with protease (Cibenza® DP 100, Novus) also had improved (P <0.05)
weight gain and FCR (Moss et al., 2017). Birds fed a low protein diet (CP 20.5%) supplemented with 7500
PROT units/kg protease (1 PROT unit is the amount of enzyme that releases 1 pmol of p-nitroaniline from 1
MM of substrate) showed improved FCR compared with a control diet that contained 22.5% CP (Angel et al.,
2011). The addition of protease (serine) showed improvement (P <0.05) in weight gain and FCR at
recommended CP level and lower in broiler diets (Fru-Nji et al., 2011). Addition of protease at 0.075% was
reported to show improved (P <0.05) BWG in broiler chickens (Yadav & Sah, 2005). Broilers supplemented
with protease in the starter phase, in either high or low CP diets, showed improved BWG and FCR
(Odetallah et al., 2005). The results of the present study were not in line with the outcomes of some studies
(Flores et al., 2016; Walk et al., 2019) that reported that protease supplementation did not improve (P >0.05)
feed intake and FCR. These variations in results may have been because of the differences in the nature
and source of protease used in the studies.

Dressing percentage and thigh meat yield were the highest in groups fed the diet in which 25% of
dietary SBM was replaced with fishmeal and supplemented with protease. When 50% of dietary SBM was
replaced with fishmeal, the carcass yield deteriorated (P <0.05). Breast meat yield and thigh meat yield were
accordingly reduced (P <0.05), whereas there was no effect on breast meat yield. In accordance with this,
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Dessimoni et al. (2019) reported that diets containing the amino acid level recommended by Cobb-Vantress
(2008) with supplementation of protease showed better slaughter weight than those with lower AA. Similarly,
Dos-Santos et al. (2017) found that breast meat yield was reduced (P <0.10) with the inclusion of protease.
Law et al. (2018) and Wang et al. (2006) reported that supplementation of protease (Versazyme) in low CP
(17.2% in starter and 15.6% in finisher) diets improved (P <0.05) carcass yield and dressing percentage. In
contrast, Freitas et al. (2011) observed that protease supplementation had no effect on carcass response.
Park and Kim (2018) reported a lack of response in weight of breast muscle, abdominal fat, liver, bursa of
Fabricius, spleen and gizzard with or without protease. Differences between the studies might be because of
the protease product and level.

The highest water-holding capacity was observed in group fed SBM as a protein source. However, pH
and cooking loss were unchanged for treatments. The results were similar to those of Park and Kim (2018),
who reported that protease addition had no effect on water holding capacity, pH, drip loss and colour. On the
other hand, other authors reported that the addition of protease had a beneficial effect. (Omojola &
Adesehinwa, 2007; Symeon et al., 2009). Tabook et al. (2006) concluded that protease supplementation had
no effect on broiler health. These changes were probably because of the variability in the weight and age of
birds.

Protein digestibility was enhanced (P <0.05) in birds fed diet formulated from fishmeal and protease
supplementation. This might be because of the enzyme supplementation that enhanced the digestibility of
fishmeal proteins. The results of the study were in agreement with Cowieson et al. (2019), who stated that
exogenous protease improved the protein and energy digestibility in GIT. Freitas et al. (2011) and Angel et
al. (2011) reported that when protease was supplemented in high and low protein diets, an increase was
noted in the digestibility of CP (P <0.05). Olukosi et al. (2007) showed that single protease improved (P
<0.05) apparent ileal digestibility of nitrogen at a high enzyme dose. Results that agreed with the present
study were reported by Yadav and Sah (2005), who stated that supplementation of protease in reduced CP
(19% in starter and 17.5% in finisher) diets improved the CP digestibility in broiler diets. In contrast,
Mahmood et al. (2017) observed no effect of protease supplementation on nitrogen retention with it being
reduced with lower a CP diet.

Conclusion

Higher growth performance can be achieved using protein share from fishmeal up to 25% on protein
equivalent basis in broiler diet. Further, the addition of protease to diets that included fishmeal had only
minor effects on the performance of the broilers that were fed the relatively high CP diets that were used in
this study.
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