f animals

Article

Effects of the Addition of Trichoderma reesei Cellulase to Broiler
Chicken Diets for a 21-Day Period

Francisco dos Santos Perim 1, Weslane Justina da Silva 20, Dénia Oliveira de Souza !, Cirano José Ulhoa 3(,
Camila Ferreira Rezende !, Ludmilla Faria dos Santos !, Fabiana Ramos dos Santos !, Fabiano Guimaraes Silva !

and Cibele Silva Minafra 1-*

check for
updates

Citation: Perim, F.d.S.; da Silva, W.J.;
de Souza, D.O.; Ulhoa, C.J.; Rezende,
C.E,; dos Santos, L.F.; dos Santos, ER.;
Silva, EG.; Minafra, C.S. Effects of the
Addition of Trichoderma reesei
Cellulase to Broiler Chicken Diets for
a 21-Day Period. Animals 2024, 14,
1467. https://doi.org/10.3390/
ani14101467

Academic Editor: Alessia Giannetto

Received: 15 April 2024
Revised: 30 April 2024
Accepted: 8 May 2024
Published: 15 May 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Goiano Federal Institute of Education Science and Technology (Instituto Federal Goiano—IF Goiano),

Rio Verde 75901970, Brazil; francisco.perim@cobbgenetics.com (F.d.S.P.); deniaarcanjo@gmail.com (D.0.d.S.);
camilagyn_88@hotmail.com (C.ER.); vetludmilla@gmail.com (L.Ed.S.);

fabiana.santos@ifgoiano.edu.br (F.R.d.S.); fabiano.silva@ifgoiano.edu.br (EG.S.)

Program Postgraduate in Biotechnology and Biodiversity of Goias—PGBB/UFG, Federal University of Goias,
Samambaia Campus, Goidnia 74001240, Brazil; weslanejds@gmail.com

Department of Biochemistry and Molecular Biology, Biological Sciences Institute, Federal University of Goias,
Samambaia Campus, Goidnia 74001240, Brazil; ulhoa@ufg.br

*  Correspondence: cibele.minafra@ifgoiano.edu.br

Simple Summary: The use of enzymes in the feed of chickens and the production animals is already
well established, given the nutritional and economic benefits that can be achieved without affecting
the quality of the final product. Among research efforts, new discoveries are made every day
regarding the potential of products developed to provide efficient enzymes as additives in animal
diets. Therefore, this study investigated the influence of enzymes produced from the cultivation of
Trichoderma reesei in powder and liquid forms on the feeding of broiler chickens from 1 to 21 days
of age. The diets were composed of corn and soybean meal, and this study evaluated their effects
on performance, digestibility, blood parameters, and the biometry of the digestive system. The
enzymes produced, cellulases, affected feed intake, digestibility, and blood electrolyte concentrations
were quantified. However, the biometry of the digestive system and analyses of pancreas and liver
viscera were not altered, which may indicate normal bird development and the absence of toxicity. In
conclusion, Trichoderma reesei cellulases are an interesting option for use in animal diets.

Abstract: The cellulose present in the cell wall of vegetables prevents the greater release of nutrients
to the animal. Therefore, the use of the cellulase enzyme is a viable strategy as it is capable of breaking
cellulose bonds, releasing nutrients such as glucose, increasing dietary energy, and thus improving
the productive performance of birds. Trichoderma reesei is efficient in the production of cellulase,
which is produced via submerged fermentation followed by purification, formulation, and drying.
Therefore, an experiment was carried out using 240 male broilers of the Cobb-500® lineage to verify
the effects resulting from the addition of powdered (500 g/t and 1000 g/t) and liquid (500 mL/t)
cellulase over a period of 1 to 21 days. A completely randomized experimental design was used,
consisting of four treatments with six replications and ten birds per replication that were housed in
an experimental cage. It was observed that performance and digestibility results were significantly
different with cellulase supplementation. Also, the relative weight of the large intestine in the period
between one and seven days increased when cellulase was added at 1000 g/t. In the period of
between eight and 14 days of life, the birds that consumed only the basal diet obtained higher levels
of liver protein than those that received the treatments with the addition of the enzyme. However,
15 and 21 days, the consumed feed effect did not occur between thus, it is not conclusive whether
hepatotoxicity occurs with the addition of cellulase. For the blood parameters, at 21 days, the diets
with added cellulase were not significantly different regarding electrolytes. It was concluded that this
cellulase produced by Trichoderma reesei can be included in the animals’ diet.
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1. Introduction

The study of enzymes has been of interest to several researchers, as these additives
are incorporated into animal feed with the purpose of improving the utilization of scarce
nutrients, providing better performance of the birds, and thereby increasing productiv-
ity [1]. Due to fluctuations in the prices of ingredients used in animal feed, enzymes
play an important role in optimizing the use of nutrients in a more profitable way with
a low environmental impact [2], being an additive that impacts animal production and
contributes to the quality of products offered by broiler chickens, meat, and commercial
cuts appreciated by consumers [2—4].

Due to the presence of structural polysaccharides in the cell walls of grains used as
poultry feed, which hinder the nutritional utilization of the feed, the use of exogenous
enzymes obtained from microrganisms such as fungi improves grain degradation, releasing a
greater supply of nutrients for the animals. In addition to the nutritional benefits, enzymes
also significantly influence the economy of the farmer who uses them in the animals” diet [5-7].

Enzymes that degrade fiber are added to feed and thus improve bird nutrition, with
the main effect of reducing the antinutritive factor of cereal fibers. Thus, enzymes improve
digestion and the availability of nutrients for absorption in the intestine, improving animal
growth [8]. Non-starch polysaccharide (NSP) enzymes are used in poultry diets to break
down the NSPs found in plant cell walls, mainly pentoses, arabinoxylans, and 3-glucans,
thus releasing the nutrients present in the grain cell wall. This results in improved per-
formance in the viscosity of the digesta and increased absorption of essential elements
for the metabolization of chicken meat, carbohydrates, proteins, lipids, vitamins, and
minerals [9,10].

Among enzymes, cellulase is an economically important enzyme, and it is sold on a
large scale for various processes such as for use in animal feed. Cellulases belong to the
glycosyl hydrolase family and are classified as endo 3, 1-4 glucanases (EC 3.2.1.4); exo f3,
1-4 glucanases (EC 3.2.1.176), also known as cellobiohydrolases (CBH); and (3-glucosidases
(EC 3.2.1.21) according to the IUBMB (International Union of Biochemistry and Molecular
Biology). Therefore, the enzymatic complex affects the various components of cellulose,
and through its combined activity, cellulose is hydrolyzed into glucose [11].

The objective of this study is to evaluate the addition of cellulases produced by
Trichoderma reesei in powder and liquid form to the feed of broiler chickens from 1 to
21 days, in the diets composed of corn and soybean meal, where the effect of the diet on
the performance, digestibility, blood parameters, and biometry of the digestive system
were analyzed.

2. Materials and Methods
2.1. Broiler Farming

The experimental breeding of broiler chickens was carried out in the aviary of the
Instituto Federal Goiano (Instituto Federal Goiano—Campus Rio Verde), in the Animal
Nutrition and Biochemistry and Animal Metabolism laboratories, and in the Enzymology
department of the Institute of Biological Sciences of the University Federal District of Goias
in the municipality of Goiania, state of Goids (GO), Brazil.

For the study, 240 male Cobb-500® (Agua Clara, MS, Brazil) broilers were used,
starting with birds with an average weight of 43.00 £ 0.82 g (average weight on the first
day). The chicks were housed in 24 cages measuring 0.9 X 6 m each, equipped with
pendulum drinkers and tubular feeders, and the heating source used was 100 watt light
bulbs. From the first to the seventh day, the lamps remained lit for 24 h a day, and from
the 8th to the 21st day, the lamps were lit from 9 am to 6 pm. The average maximum and
minimum temperatures were 30.9 and 24.6 °C, respectively, while the average maximum
and minimum humidity values were 48 and 43%, respectively, measured daily using a
thermohydrometer.

The animals were distributed in a completely randomized experimental design, with
four treatments, six replications and ten birds per experimental cage. The treatments were
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as follows: basal diet, basal diet with 500 g/t of cellulase powder, basal diet with 1000 g/t
of cellulase powder, and basal diet with 500 mL/t of liquid cellulase.

The pre-starter ration was provided from the first to the seventh day, and the starter
ration was provided from the eighth to the twenty-first day. The diets were formulated
following the recommendations of the Brazilian tables for poultry and swine [12], as
shown in Table 1. Water and feed were provided to the birds ad libitum throughout the
experimental period.

Table 1. Percentage and calculated composition of the experimental rations.

Ingredient (%) 1-7 Days 8-21 Days
Corn 57.58 60.04
Soybean meal 36.92 34.06
Soybean oil 1.29 217
Limestone 0.80 0.85
L-Lysine HCI 0.35 0.30
L-Threonine 0.13 0.10
Salt 0.44 0.42
Dicalcium phosphate 1.91 1.55
DL-Methionine 0.35 0.30
Vitamin premix ! 0.08 0.08
Mineral premix 2 0.10 0.10
Total 100.00 100.00
Calculated composition

Crude protein, % 22.40 21.20
Metabolizable energy,

Meal /kg 2.96 3.05
Digestible lysine, % 1.32 1.21
Digestible methionine, % 0.66 0.59
Digestible met + cys, % 0.95 0.87
Calcium, % 0.92 0.84
Sodium, % 0.22 0.21
Available phosphorus, % 0.47 0.40
Digestible threonine, % 0.86 0.79
Digestible tryptophan, % 0.24 0.23

1 Vitamin A 5.3784 IU / Kg, vitamin D3 2.2744 IU/Kg, vitamin E 44.9894 IU/Kg, vitamin K 2239.37 mg/Kg,
vitamin B1 1168.31 mg/Kg, vitamin B2 3585.60 mg/Kg, vitamin B6 1788.62 mg/Kg, vitamin B12 6723.00 mcg/Kg,
folic acid 894.159 mg/Kg, nicotinic acid 22.402 g/Kg, pantothenic acid 8968.48 mg/Kg, biotin 89.64 mg/Kg,
antioxidant 527, 7 mg/Kg, nicarbazin 50 mg/Kg, narasin 50.00 mg/Kg. 2 Mineral supplementation pre-starter feed
(per kg of product): calcium 68.0000 g/kg, iron 30.0000 g/kg, zinc 40.0083 g/kg, selenium 225.0000 mg/kg, copper
75.0000 g/kg, manganese 45.0000 g/kg, iodine 500.0000 mg/kg, cobalt 3.0000 mg/kg magnesium 80.0000 mg/kg,
zinc 17.9892 g /Kg.

2.2. Origin of the Tested Enzyme

The cellulases were produced by Trichoderma reesei via submerged fermentation.
The powdered cellulase, with a FPase activity of 35.245 U/mL, is stable at temperatures
of 40-80 °C and pH 3.0-7.5, with an optimal temperature of 65-75 °C and optimal pH of
4.5-6.0 (500 g/t and 1000 g/t). Liquid cellulase, with a FPase activity of 27.4 U/mL, is stable
at temperatures of 40-80 °C and pH 3.0-7.5, with an optimal temperature of 65-75 °C and
optimal pH of 5.5-7.0 (500 mL/1).

2.3. Performance Evaluation

At1,7,14, and 21 days of age, the average weight of the chickens in each pen was
evaluated to verify their weight gain, feed consumption, and feed conversion index during
the observed period.
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2.4. Apparent Metabolizability Analysis

To check the metabolization of the nutrients, the excreta produced by the birds were
collected between the 4th and 7th day, and 14 to 17 days, twice a day. After collection, the
excreta and diets were identified, froze, and subsequently sent to the Animal Nutrition
Laboratory at IFGoiano, Campus Rio Verde, where the dry matter (DM) and crude protein
(CP) contents were measured [13].

Of the excreta samples used for analysis, portions were collected, identified, pre-dried
in a straight oven with forced ventilation (FANEM LTDA) at 55 + 5 °C, and crushed in
Wiley-type mills [13]. According to the experimental diets, The dry matter of the excreta
(feces) was obtained after being dried in an oven with forced ventilation at temperatures
of 55 °C £+ 5 °C for 72 h. Analyses of the dry matter of the experimental feed and excreta
in an oven regulated at 105 °C for 12 h were carried out to obtain the total nitrogen in the
experimental feed and excreta using the micro-Kjeldahl method. Subsequently, the crude
protein values were calculated by multiplying the %N by 6.25, resulting in the difference
between the ingested and excreted nutrients divided by the nutrient. The dry matter
retention value was obtained based on the amount of dry matter ingested, which was
subtracted from the amount excreted in relation to weight gain. The crude protein retention
was measured based on the amount of crude protein ingested, which was subtracted from
the amount excreted divided by the animal’s weight gain [13]. The calculation of nutrient
retention refers to the nutrient balance and weight gain, which were recorded in the periods
of 4 to 7 and 14 to 17 days.

2.5. Intestinal Histomorphometry

One bird per cage was identified and transported to the slaughterhouse at the IF
GOIANO aviary, Campus Rio Verde, and slaughtered via cervical dislocation. The pro-
cedure was conducted at 7, 14 and 21 days post-hatch. The birds were eviscerated, and
the liver, gizzard, proventriculus, and pancreas, comprising the gastrointestinal tract, were
collected (GIT). Then, the length of the GIT was determined. The proventriculus and the
gizzard, pancreas, small intestine, large intestine, and liver (without the gallbladder) were
then measured and weighed. All of the observed weights were recorded in Excel tables
and used to calculate the relative weight of each animal.

The liver and pancreas were removed. After weighing, they were identified, stored,
and quickly frozen using liquid nitrogen to interrupt enzymatic activity. In the analysis, 1 g
of crushed tissue was collected and homogenized with 9 mL of water and then centrifuged
at 8000 rpm at 40 °C for 10 min. The collected supernatant allowed for the determination
of the amylase levels in the pancreas and the protein content and enzymatic activity of
alkaline phosphatase and transaminases in the liver. These experiments were carried out in
triplicate using commercial kits (Doles®, Goias, Brazil). The procedures were carried out in
an ice bath with distilled water to avoid the loss of enzyme activity.

2.6. Serum, Liver, and Pancreas Biochemical Profiles

The blood of the birds slaughtered via cervical dislocation was collected (7, 14, and
21 days old) via cardiac puncture and placed in labelled tubes. The tubes were then
centrifuged at 6000 rpm for 10 min to obtain the serum. The serum was used for colorimetric
determination of calcium (Ca) (mg/dL), phosphorus (P) (mmol/L), chlorine (Cl) (mmol/L),
and potassium (K) mmol/L), and to determine alkaline phosphatase (AP) (IU/L) and
protein (Prot) (g/dL) activity using commercial kits (Dolles®, Goias, Brazil).

2.7. Statistical Analysis

Statistical analyses of the data were performed using a one-way ANOVA using Statis-
tical and Genetic Analysis System (Saeg, UFV, Vicosa, Brazil), version 9.5. The normality
distribution of the data in the treatments was confirmed using a Shapiro-Wilk’s test. The
homogeneity of variance was determined using Levene’s test. The means were compared
using Tukey’s test at p < 0.05 and p < 0.01 [14].
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3. Results

Table 2 shows the ration consumption, weight gain, and feed conversion in the pre-
starter and starter stages of broilers chickens fed cellulase-supplemented rations. No
influence of cellulase enzyme supplementation on the weight gain and feed conversion
parameters was observed, and the addition of powdered cellulase at 1000 g/t significantly
improved feed intake during this period compared to the other treatments.

Table 2. Ration consumption, weight gain, and feed conversion in pre-starter (1-7 days), (1-14 days)
and starter (1-21 days) stage broilers chickens fed cellulase-supplemented rations.

1st to 7th Days 1st to 14th Days 1th to 21st Days
Diet
1€ RC (g) WG(g FC RC(g WG(  FC RC (g) WG(g FC
Basal diet (BD) 124.85P 102.68 1.23 390.51 254.33 b 1.542  687.96 2P 392.53 1.75
BD + cellulase 500 g/t 128.11° 101.01 1.24 37588 275752 136 654.80P 381.25 1.72
BD + cellulase 1000 g/t 142.16 2 101.81 1.27 366.75 258.25 2b 14223b 748432 405.75 1.84
BD + cellulase 500 mL/t 122.89b 98.98 1.40 388.76 238.03 P 1.63% 727132 396.06 1.84
CV (%) 5.96 8.54 9.85 8.13 6.53 8.95 5.96 6.38 8.83
p-value 0.00099 >0.05 0.0746  >0.05 0.0086 >0.05 0.0048 >0.05 >0.05
SEM 0.051 0.086 0.124 0.071 0.052 0.098 0.065 0.057 0.083
Coefficient of variation (CV); standard error of mean (SEM); ration consumption (RC); weight gain (WG); feed
conversion (FC). a, b: significant at p < 0.01; a, b: significant at p < 0.05.

There was a significant difference in the weight gain and feed conversion between the
groups. Providing powdered cellulase at 500 g/t resulted in better feed conversion than
the other treatments, as well as significantly better weight gain compared to the addition of
liquid cellulase.

Table 3 presents the digestibility data for the collection period from 4 to 7 and 14 to
17 days.

Table 3. Dry matter coefficient and nitrogen indices from 4 to 7-day-old and 14 to 17-day-old
broiler chickens.
Diet DDMC (%) DMNI(g) DMEN(g NB(g) ND (%) RETEN (%)
4st to 7th days
Basal diet (BD) 36.63° 36.63 5.752 30.87 84.01 27.76 ¢
BD + cellulase 500 g/t 46.40° 3092 2.32b 41.74% 85.87 40.182
BD + cellulase 1000 g/t 34.79 b 35.35 2P 144° 29.15P 83.67 27.91°¢
BD + cellulase 500 mL/t 38.39P 37542 2.30° 35.05P 83.42 31.72"
CV (%) 7.93 10.54 16.41 11.19 3.33 8.65
p-value <0.05 0.037 <0.05 <0.05 >0.05 <0.05
SEM 0.041 0.068 0.068 0.013 0.025 0.059
14th to 17th days
Basal diet (BD) 66.42 2 66.42 18.64 53412 90.18 47.63 2
BD + cellulase 500 g/t 69.26 2 69.94 18.18 55.60 @ 88.63 50.09 @
BD + cellulase 1000 g/t 30.22°P 67.48 18.24 13.05° 87.97 36.11°
BD + cellulase 500 mL/t 68.66 2 67.89 17.85 55.134 89.58 50.24 2
CV (%) 3.87 7.38 8.04 6.24 2.54 8.65
p-value <0.05 0.527 >0.05 <0.05 0.364 <0.05
SEM 0.075 0.054 0.028 0.051 0.041 0.052

a, b: significant at p < 0.05. Means in the same column followed by different superscripted letters differ significantly
according to the Tukey test (p < 0.05). BD: basal diet; BD + 500: basal diet + 500 mL/t cellulase; BD + 1000: basal
diet + 1000 mL/t cellulase; coefficient of variation (CV); standard error of mean (SEM); dry matter digestibility
coefficient (DDMC); dry matter nitrogen intake (DMNI); dry matter excreted nitrogen (DMEN); nitrogen balance
(NB); nitrogen digestibility (ND); N retention (RETEN).
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In the period of three to seven days, there was a significant effect the on nitrogen
consumption in the dry matter, the nitrogen excreted in the dry matter, and nitrogen balance
and retention. These results were verified based on the metabolic evaluation between 14
and 17 days. There was a statistical difference in the nitrogen consumption in matter
drought, nitrogen balance, and nitrogen retention.

At eight days, when powdered cellulase at 500 g/t was added, the results showed a
significant improvement in the nitrogen consumption in the dry matter, a better balance,
and consequently better nitrogen retention. The nitrogen excretion levels were significantly
lower than in the other treatment groups when powdered cellulase at 1000 g/t was added
compared to the other treatments. The basal diet treatment had the highest nitrogen
excretion in the dry matter and had a lower nitrogen retention compared to the addition of
powdered cellulase (500 g/t) and liquid cellulase (500 mL/t).

The results obtained during the evaluated phases regarding the relative biometry for
the pre-initial and initial phases are presented in Table 4.

Table 4. Biometrics of the digestive system (relative weight) of 7, 14, and 21 day-old broiler chickens
fed cellulase-supplemented rations.

Diet GITM (cm) GITW (%) PROGI(%) PANC (%) LIV (%) SI (%) LI (%)
1st to 7th days
Basal diet (BD) 52.05 7.25 8.08 0.51 4.22 5.89 1.36°
BD + cellulase 500 g/t 52.79 7.95 8.21 0.49 4.83 6.38 1.572b
BD + cellulase 1000 g/t 57.99 8.21 8.55 0.55 4.72 6.51 1702
BD + cellulase 500 mL/t 57.35 9.92 8.03 0.53 4.67 6.43 1.492b
CV (%) 11.55 12.45 14.16 12.73 10.75 13.91 8.01
p-value 0.355 0.385 >0.05 0.226 0.184 >0.05 0.012
SEM 0.035 0.092 0.070 0.056 0.094 0.079 0.182
8th to 14th days
Basal diet (BD) 26.70 5.42 4.53 0.34 2.69 4.38 1.13
BD +Cellulase 500 g/t 26.57 5.46 5.06 0.32 3.05 4.37 1.08
BD + cellulase 1000 g/t 30.13 5.76 5.41 0.36 2.99 4.70 1.05
BD + cellulase 500 mL/t 29.15 5.41 4.96 0.34 3.04 4.30 1.03
CV (%) 10.72 10.48 10.39 11.17 9.87 11.99 12.74
p-value 0.195 0.381 0.058 >0.05 0.144 0.632 0.344
SEM 0.061 0.128 0.079 0.079 0.078 0.085 0.130
15th to 21st days

Basal diet (BD) 15.82 4.36 3.76 0.26 247 3.56 0.80
BD + cellulase 500 g/t 16.18 4.27 3.87 0.25 2.38 3.40 0.86
BD + cellulase 1000 g/t 16.04 4.38 3.91 0.28 2.53 3.56 0.82
BD + cellulase 500 mL/t 16.27 4.31 3.93 0.29 2.55 3.51 0.84
CV (%) 10.38 9.00 9.86 10.82 9.83 11.63 7.12
p-value 0.870 0.917 0.703 0.206 0.609 0.303 0.323
SEM 0.050 0.055 0.104 0.084 0.106 0.090 0.117

In the table, the letters a and b in the same column followed by different superscripted letters indicate that the
values differ significantly according to the Tukey test (p < 0.05). a, b: significant at p < 0.01; a, b: significant at
p < 0.05. BD: basal diet; BD + 500: basal diet + 500 mL/t cellulase; BD + 1000: basal diet + 1000 mL/t cellulase;
coefficient of variation (CV); standard error of mean (SEM); gastrointestinal tract length (GITM); gastrointestinal
tract weight (GITW); esophagus and crop weight (OESW); proventriculus and gizzard weight (PROGI); pancreas
weight (PANC); liver weight (LIV); small intestine weight (SI); large intestine weight (LI).

There was no significant difference in the relative weight of the liver, proventriculus +
gizzard, gastrointestinal tract, pancreas, small intestine, or gastrointestinal tract length
during the three evaluated phases. The relative weight of the large intestine from day one
to day seven was significantly lower when cellulase was not added, regardless of the type
or concentration [15]. This greater development was attributed the probably due to the
early provision of food and water, as likely occurred in this experiment.
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The means of the pancreas weights throughout the experimental period are presented
in Table 5. There was no significant difference in the absolute weight of the pancreas in any
of the evaluated phases.

Table 5. Averages of the absolute pancreas weight of 7, 14, and 21 day-old broiler chickens fed
cellulase-supplemented rations.

Diet Pancreas (g) Pancreas (g) Pancreas (g)
1st to 7th Days 8th to 14th Days 15th to 21st Days

Basal diet (BD) 0.88 1.53 2.44

BD + cellulase 500 g/t 0.80 1.58 241

BD + cellulase 1000 g/t 0.80 1.48 2.48

BD + cellulase 500 mL/t 0.90 1.48 2.35

CV (%) 6.22 5.66 6.33
p-value 0.142 >0.055 >0.059
SEM 0.062 0.056 0.063

The means of pancreatic amylase activity from one to seven days, eight to fourteen
days, and fifteen to twenty-one days are presented in Table 6. For both types and concentra-
tions of cellulase used for both phases, there was no significant difference in the pancreatic
amylase activity.

Table 6. Pancreatic amylase activity in the different evaluated phases.

Diet Amylase (IU/L) Amylase (IU/L) Amylase (IU/L)
1st to 7th Days 8th to 14th Days 15th to 21st Days

Basal diet (BD) 794.38 793.36 780.28

BD + cellulase 500 g/t 798.64 799.6 795.43

BD + cellulase 1000 g/t 798.62 802.52 803.67

BD + cellulase 500 mL/t 799.52 775.94 801.08

CV (%) 2.31 1.53 1.31

p-value >0.05 >0.05 0.35

SEM 0.028 0.015 0.039

For both types and concentrations of cellulase used for both phases, there was no
significant difference in the pancreatic amylase activity. The average liver weights are
found in Table 7. Throughout the experimental period, there was no significant difference
in the absolute weight of the liver with the addition of the cellulase enzyme. The results
showed a gradual increase in the liver weight as the birds’ age increased. This refers to the
normal growth of the visceral organs in fast-growing birds.

Table 7. Average absolute liver weight for the different treatments during the experimental period.

Average Absolute Liver (g)

Diet 1st to 7th Days 8th to 14th Days 15th to 21st Days
Basal diet (BD) 6.20 12.01 22.26
BD + cellulase 500 g/t 6.38 1291 23.85
BD + cellulase 1000 g/t 5.83 13.21 25.15
BD + cellulase 500 mL/t 5.83 13.30 25.13
CV (%) 8.41 9.59 12.08
p-value 0.236 0.120 0.322

SEM 0.042 0.058 0.054
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The tissue enzymatic parameters of alkaline phosphatase (FA), glutamate—oxaloacetate
transaminase (GOT), glutamate—pyruvate transaminase (GPT), and liver protein levels are
found in the Table 8.

Table 8. Concentrations of protein (Prot) and enzymes alkaline phosphatase (ALP), glutamate—
oxaloacetate transaminase (GOT), and glutamate—pyruvate transaminase (GPT) in the livers from 1
to 21 days.

1st to 7th Days

Diet Prot (mg/dL) ALP (IU/L) GOT (IU/L) GPT (IU/L)
Basal diet (BD) 2.07 212.13 272.04 31.96
BD + cellulase 500 g/t 2.32 206.58 262.39 27.99
BD + cellulase 1000 g/t 2.12 205.78 270.68 29.87
BD + cellulase 500 mL/t 2.30 211.58 266.62 29.16
CV (%) 8.84 5.67 11.78 10.61
p-value 0.205 >0.05 >0.05 >0.05
SEM 0.047 0.015 0.098 0.042
8th to 14th days
Rations Prot (mg/dL) FA (IU/L) GOT (IU/L) GPT (IU/L)
Basal diet (BD) 2622 220.06 290.98 25.65 P
BD + cellulase 500 g/t 1.86° 208.26 280.37 24.812b
BD + cellulase 1000 g/t 1.61° 215.22 281.81 26.63 2
BD + cellulase 500 mL/t 1.76 210.63 284.09 26.68 2
CV (%) 9.05 9.34 9.07 7.89
p-value <0.05 >0.05 0.197 0.357
SEM 0.029 0.042 0.031 0.034
15th to 21st days

Diet Prot (mg/dL) FA (IU/L) GOT (IU/L) GPT (IU/L)
Basal diet (BD) 2.14 209.00 262.04 31.09
BD + cellulase 500 g/t 2.22 206.58 262.39 28.74
BD + cellulase 1000 g/t 2.12 205.78 265.68 29.98
BD + cellulase 500 mL/t 2.16 207.88 266.62 29.80
CV (%) 5.29 5.52 11.78 10.39
p-value >0.05 >0.05 >0.05 >0.05
SEM 0.022 0.068 0.097 0.033

In the table, the letters a and b in the same column followed by different superscripted letters indicate that the values
differ significantly according to the Tukey test (p < 0.05). a, b: significant at p < 0.01; a, b: significant at p < 0.05.

In this study, there were alterations in protein levels and GPT only in the period
between 8 and 14 days when cellulase was added to the feed. The birds consuming only
the basal diet obtained a higher percentage of protein than the birds receiving the other
treatments, as well as lower GPT levels with the addition of cellulase at 1000 g/t and
500 mL/t. These parameters remained unchanged in the 15 to 21-day period. This may
be explained by some metabolic alterations in the birds that could have influenced these
values, such as heat or cold stress, absent or low water consumption, food restriction, or
even bird handling for material collection.

There was no significant difference between the treatments in the periods between
one and seven days and fifteen to twenty-one days for the parameters evaluated. In these
phases, the addition of cellulase did not interfere with the enzymatic activity or protein
levels in the liver. Enzyme measurement is useful for detecting recent or initial damage in
birds rather than assessing normal organ function. Changes in enzyme activity (increases
or decreases) can help in diagnosing bird health.
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The mean concentrations of calcium, phosphorus, protein, chlorides, alkaline phos-
phatase, potassium, and calcium-phosphorus ratio in the blood serum of the birds in the
pre-initial and initial phases are presented in Table 9.

Table 9. Serum levels of minerals during the experimental period.

1st to 7th Days

Diet Calcium Phosphorus  Ratio of Chloride Potassium Protein Plﬁ) lskali:::%
(mg/dL) (mmol/L) Ca:P (mmol/L) (mmol/L) (mg/dL) (I{’J /L)
Basal diet (BD) 10.852 5.572 1.95 81.92b 6.55 3.552 213.13
BD + cellulase 500 g/t 7.15° 351b 2.01 100.27 2 6.09 2.11° 229.09
BD + cellulase 1000 g/t 7.24b 3.36° 2.15 90.77 @b 6.35 2.06° 218.80
BD + cellulase 500 mL/t 6.81P 3.12b 2.19 99.68 6.20 226" 228.38
CV (%) 8.12 7.24 8.49 8.47 8.49 7.61 7.34
p-value <0.05 <0.05 0.18 <0.05 >0.05 <0.05 0.179
SEM 0.023 0.029 0.054 0.092 0.031 0.028 0.034
8th to 14th days
Basal diet (BD) 9.36 b 5.50 2 1.702 86.57 @ 7.712 2.54b 260.08
BD + cellulase 500 g/t 9.852 5.05P 1.95P 69.39 b 6.41°P 2.882 261.19
BD + cellulase 1000 g/t 9.822 5.07b 1.94" 67.19b 6.49 b 2,892 264.42
BD + cellulase 500 mL/t 9.552b 5.03P 1.90b 69.93 P 6.13P 2.842b 259.1
CV (%) 9.16 5.05 6.25 8.71 6.82 5.97 5.88
p-value 0.0015 0.013 0.002 <0.05 >0.06 0.019 >0.05
SEM 0.024 0.043 0.062 0.122 0.104 0.059 0.088
15th to 21st days
Basal diet (BD) 10.97 2 5.53 2.00 74.47° 8.192 3.22°2 206.57
BD + cellulase 500 g/t 10.53 2 5.23 2.02 90.212 7.18b 2,56 208.82
BD + cellulase 1000 g/t 9.85b 5.17 1.90 90.72 2 7.27"b 2.65P 208.50
BD + cellulase 500 mL/t 10.98 2 5.59 1.96 94342 7.10b 2520 203.43
CV (%) 5.05 5.91 4.80 9.41 6.44 9.79 8.98
p-value <0.05 0.263 >0.05 <0.05 <0.05 <0.05 >0.05
SEM 0.052 0.039 0.026 0.101 0.068 0.119 0.019

In the table, the letters a and b in the same column followed by different superscripted letters indicate that the values
differ significantly according to the Tukey test (p < 0.05). a, b: significant at p < 0.01; a, b: significant at p < 0.05.

There was a significant difference in the serum concentrations of calcium, phosphorus,
chloride, and protein from one to seven days. For the period from eight to fourteen days,
there was no significant difference except for alkaline phosphatase; however, there was
a significant difference in electrolytes, the calcium—phosphorus ratio, and protein levels.
For the parameters of calcium, chloride, protein, and potassium, there was a significant
difference at 21 days of age.

The diet between Ca:P is very important for maintaining normal functions in birds. In
feed, a Ca:P ratio of 2:1 is considered adequate; however, the diagnostic value of serum P in
birds is not consistent, and the measurement of this mineral is seldom used for diagnosing
a clinical condition [16].

The calcium/phosphorus ratio did not differ significantly between one and seven
days and from fifteen to twenty-one days among the treatments, and in the period between
eight and fourteen days, the ratio was significantly lower when the enzyme was not added
to the feed. Due to the higher averages of calcium and phosphorus, there was an imbalance
in the calcium/phosphorus ratio in the treatment without enzyme addition.
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4. Discussion

The use of enzymes, specifically amylase, and cellulases, in feeds formulated with
corn and soy affects the performance of broiler chickens. This is a result of the effect on feed
consumption, leading to a significant weight gain despite reduced consumption compared
to feeds without enzymes [17].

Contradictory results to this study were reported in reference [18]. They studied the
performance of broiler chickens fed diets containing sorghum or millet with the addition of
an enzyme complex from one to seven days and found no significant effect.

The birds’ digestive systems are anatomically complete after hatching, but their func-
tional capacities for digestion and absorption are still immature. This may explain the
increased feed intake when a higher amount of enzyme was added. When chicks hatch,
they undergo a metabolic and physiological transition due to the switch from yolk sac
feeding to exogenous feeding [19-21].

The multienzyme complex improves the performance of broiler chickens, with an
increase in weight gain and better feed conversion due to being formed by amylase,
cellulase, protease, and xylanase: enzymes that degrade the cellular material of the grains,
releasing more nutrients into the intestinal lumen. This results in a greater absorption, thus
improving performance [22].

In a study working with an enzyme complex composed of carbohydrases (amylase,
protease, cellulase) in pelleted diets for male and female broiler chickens, it was concluded
that, in the initial phase, the inclusion of 0.03% and 0.04% of the enzyme complex (amylase
and cellulase) and the combination of 0.04% of the enzyme complex (amylase and cellulase)
and 0.01% xylanase also resulted in better weight gain in males [23].

These authors, working with broiler diets based on corn and soybean meal, observed
an increase in villus height and crypt depth, resulting in an increase in the absorption
surface area, reflecting better broiler performance [24]. There was no statistical difference
in weight gain and feed conversion between 15 and 21 days, but the addition of powdered
cellulase at 500 g/t resulted in lower feed intake compared to the other treatments [25]. The
addition of a multi-enzyme complex composed of cellulase, amylase, and protease to diets
based on soybean meal, sorghum, soybean meal, and millet, resulted in no improvement in
bird performance [26]. Due to the high specificity of enzymes in their catalytic reactions,
products containing only one type of enzyme probably do not produce maximum benefits
in poultry diets. This suggests that enzyme complexes may be more effective, as they act on
a range of polysaccharides in grain cell walls (cellulose, arabinoxylans, 3-glucans, xylans,
pectins, etc.), leading to better diet utilization [27]. This may justify the lower feed intake
with the addition of only cellulase from 15 to 21 days. These results suggest that adding
enzymes to poultry diets can be targeted to specific periods, being more effective in the
early life of birds when the gastrointestinal tract is not fully formed and cannot synthesize
endogenous enzymes on a large scale.

When comparing the data from 1 to 17 days, when powdered cellulase at 1000 g/t was
added, there was lower nitrogen consumption in the dry matter, a lower nitrogen balance,
and consequently poorer retention. The treatments with basal diet, powdered cellulase at
500 g/t, and liquid cellulase did not differ significantly based on the nitrogen consumption
in the dry matter, excretion, nitrogen balance, and retention. It is important to note that
there are few studies based on the use of single exogenous enzymes, as many authors work
with the addition of multi-enzyme complexes for formulating diets for broiler chickens.

Nitrogen is one of the main pollutants in pig manure, which can be applied to poultry
manure. The results of previous studies have demonstrated that in the pre-initial period
from four to seven days, the addition of both powdered and liquid cellulase enzyme
significantly reduced nitrogen excretion, improving nutrient utilization [28,29]. A similar
result was found in reference [30]. The authors concluded that supplementing an enzymatic
complex (xylanase, amylase, and cellulase) in the diet of broiler chickens from 1 to 21 days
resulted in improved digestibility, suggesting an increase in the nutritional utilization of
the diets. Similar results were found in the period from four to seven days. In this study,
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there was no significant difference in the nitrogen excreted in the dry matter and digestible
nitrogen in the period from 14 to 17 days (Table 3).

Immediately after hatching, chicks utilize their limited body reserves to achieve rapid
physical and functional development of the gastrointestinal tract in order to develop the
capacity to digest food and assimilate nutrients [31]. Different feeding strategies can provide
better nutrition for the embryo or chick after hatching, contributing to this metabolic and
physiological transition and resulting in an increase in the birds’ performance [31,32].
The immaturity of the bird digestive system at this stage reduces their capacity to utilize
nutrients. However, the digestibility results reported previously may suggest an increase in
the nutritional utilization of diets and lower nitrogen excretion in the first few days of the
birds’ life [33,34]. The authors of reference [35] found no differences in the weight of the
liver, pancreas, proventriculus, gizzard, or the size and weight of the duodenum, jejunum,
ileum, small intestine, and ceca of birds at 14 days of age with isoenergetic diets of wheat,
corn and sorghum with the addition of exogenous enzymes.

High levels of non-starch polysaccharides increase both the size and relative weight of
the duodenum, jejunum, ileum, and ceca. These increases in the intestines and the digestive
system as a whole may be an adaptive response to the increased need for enzymes [36].
The use of powdered cellulase at a concentration of 1000 g/t showed the highest values for
the relative weight of the small intestine, large intestine, and length of the gastrointestinal
tract [37-39].

The protein levels in pre-starter diets were used to evaluate the biometry of the
digestive system. The authors found no significant difference in the relative weight of the
small intestine [32,40]. Another paper reported an increase in the surface area of intestine,
followed by an increase in the villus length, which forced an increase in absorption and
improvement in nutrient digestibility [41].

Particle size and food form also influence the size and weight of the gastrointesti-
nal tract. One study evaluating the use of mash or pelleted diets made from medium
(DGM = 1.54) or coarse (DGM = 1.69) particles found that birds at 21 days of age fed
mash had relatively heavier gizzards and ceca and lighter jejunum compared to birds fed
pellets [42].

Despite individual weight increases of the chicken, the percentage relationship of the
digestive system weight to the bird weight decreases with age, and the temporal evolution
of the digestive system weights observed in these experiments followed the expected
trend with a reduction in their proportion with age of the chicken [43]. Another study
demonstrated that the growth rate of the pancreas decreased linearly with bird age [44].
The maximum growth rate occurred on the seventh day of age, decreasing steadily until
28 days of age. The addition of exogenous amylase to the feed resulted in higher pancreatic
amylase activities at 14 days of age. However, the authors concluded that the use of
enzymes in broiler chicken diets did not have a persistent effect on pancreatic enzyme
activity, which did not directly interfere with their production. This result is supported by
these studies [45,46].

Pancreatic amylase, maltase, and sucrase reach maximum specific activity within three
to four days. A study of four-day-old chicks demonstrated that starch digestion increased
slightly between the 4th and 21st days of the bird’s life, from 82 to 89%, respectively [47,48].

It was observed that the maximum value of amylase in the pancreas occurs on the
eighth day of life, while in the small intestine, the maximum value was found on the
seventeenth day. These results may explain why there was no statistical difference between
the treatments regarding amylase levels found in the 15 to 21-day period [49,50]. The results
demonstrate that the addition of cellulase to the diet does not interfere with pancreatic
amylase production or its absolute weight.

There is little information on the dosage of amylase in birds, and in the literature, there
are few data available for discussion since the methodologies used vary due to the kits
and equipment used [51]. Throughout the experimental period, there was no significant
difference in the absolute weight of the liver with the addition of the cellulase enzyme. The
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results showed a progressive increase in the weight of the GIT as the bird’s age increased.
This refers to the normal growth of viscera in rapidly growing birds.

The determination of the tissue enzymatic parameters of alkaline phosphatase (ALP),
glutamate—-oxaloacetate transaminase (GOT), glutamate-pyruvate transaminase (GPT), and
liver protein levels are shown in Table 8. The production of alkaline phosphatase did not
differ significantly during any of the phases evaluated. In the liver, it was not present in
sufficient quantities to be significant, but an increase in its activity is usually reflective of a
hepatic disorder, even though it is not a sensitive indicator [52-54]. Due to the osteoblastic
activity that occurs during the growth phase, younger birds have higher values compared
to adult animals. A decrease in its level was found in animals deficient in zinc, and it
is believed that in cases of liver necrosis induced by aflatoxin B1, there is an enzymatic
increase in ALP [53,55]. Decreased serum protein and albumin concentrations are reliable
indicators of hepatotoxicity and acute or chronic inflammations in chickens and turkeys.
In birds, the largest protein fraction (40-60%) is albumin, which is 100% synthesized in
the liver. Therefore, its measurement can be a complementary aid in the diagnosis of liver
diseases [56-58].

Low protein concentrations follow malnutrition, acute infections, and hemorrhage.
The causes of hypoalbuminemia can be due to loss (via glomerular, enteropathies, skin
lesions, and severe hemorrhages), decreased production (in cases of liver failure, poor diet,
poor digestion, poor absorption), and decreased sequestration (avian ascites) [59-61].

Low GPT enzymatic activity in the liver can be demonstrated by the fact that many
birds with hepatic disorders do not show changes in serum GPT levels. In some animals,
GPT activity is so low that it cannot be detected by routinely used analyzers [53]. GOT
activity exists in multiple tissues, with the liver and muscle being the main tissues. GOT
is not specific for hepatocellular damage or muscle injury, but in psittacines, it always
increases with hepatic damage of any etiology [62,63].

It is important to highlight the lack of reference intervals for many parameters. In
avian clinics, it is common to use reference intervals based on the literature. However, in
these studies, samples from a small number of animals were used, also were not properly
characterized, and with no detailed descriptions of the methodologies used for laboratory
tests. Most clinicians are aware of this issue and end up defining their own values based
on individual experience [64,65]. However, due to the lack of updated results, discussing
values of protein, FA, GOT, and GPT in the liver is difficult given the enormous variability
of commercial kits and applied methodologies in birds.

Regarding the observation of the sanguine biochemical profile in the pre-initial and
initial phases, it is known that serum nutrient profiles are presented in the literature for
the different diets, strains, and analysis methodologies that are employed. Additionally,
enzyme and mineral values in the serum differ among different studies, also due to the
equipment used for the assays and the method of serum collection [66].

In birds, as in other species, minerals perform three types of functions:

They are structural components of the GIT and tissues.
They are constituents of the body fluids and tissues involved in maintaining osmotic
pressure, acid—base balance, membrane permeability, and tissue irritability.

e  They act as catalysts in enzymatic and hormonal systems and as integral or specific
components of metalloenzymes’ structure [67,68].

Calcium is the most prevalent mineral in the body, forming part of bones and eggshells
and playing an important role in many biochemical reactions [68]. The use of tested cellu-
lases kept blood parameters the same regarding phosphorus levels, alkaline phosphatase,
potassium, and the calcium/phosphorus ratio. Elevations in these elements can also occur
in pathological conditions. Hypercalcemia (>11 mg/dL) has been associated with hypervi-
taminosis D3, osteolytic bone lesions secondary to neoplasms, and hyperalbuminemia [69].
On the other hand, hypocalcemia (<8 mg/dL) may be related to poor nutrition (vitamin D3
deficiency, excess dietary phosphorus), alkalosis, or hypoalbuminemia [62,70]. The results
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for the treatment containing the basal diet, even those that were significantly higher, were
within the normal limits for birds.

During the period from one to seven days, the calcium levels were lower than the
normal parameters for the birds when the cellulase enzyme was added to the feed. The
introduction of enzymes into the chickens’ diet resulted in a decrease in bird weight and
bone quality. Nevertheless, phytase supplementation restored the productivity of the
chickens in the group treated with 600 FTU/kg BSP [71,72].

Regarding the calcium levels, they were only significantly different between 15 and
21 days, where the addition of cellulase powder at 1000 g/t was lower than in the other
treatments. Ionic calcium values are not affected by albumin concentration, whereas total
plasma calcium decreases with hypoalbuminemia and increases in hyperalbuminemia [62].
This explains the data found from one to seven days, where there was a decrease in protein
and consequently the calcium levels in the blood for the enzyme-added treatments. The
opposite occurred from 15 to 21 days, where with increased protein levels, there was an
increase in calcium levels.

The macroelements calcium and phosphorus form the basis of skeletal formation,
while sodium, chlorine, and potassium are distributed in higher concentrations in soft
tissues, controlling acid-base balance [72-74].

The protein concentrations were significantly different throughout the analyzed pe-
riod. When the cellulase enzyme was added to the feed, lower serum protein levels were
observed, particularly at 15 to 21 days. The majority of the circulating proteins in the
plasma are synthesized by the liver, except for immunoglobulins. The main functions
of these molecules include maintaining blood volume through colloidal osmotic effects,
participating in blood pH maintenance, hormone and drug transport, cellular coagulation,
and catalyzing (enzymes) and regulating (hormones) biological processes [75]. Some pro-
teins are also indispensable in inflammatory, immune, and tissue regeneration and repair
processes, where they are called acute-phase proteins [59,76].

Due to the numerous functions of blood proteins, their elevation in serum can be due
to many causes. This may explain the variations found in this study, where protein levels
were higher from one to seven days and fifteen to twenty-one days and lower between
eight and fourteen days when cellulase enzyme was not added to the feed. Decreases in
protein concentrations have also been reported in situations of food restriction in broiler
chickens, where hepatic protein synthesis was decreased by half [77]. Due to the high
voracity and natural competition of birds for food, it is natural for some to go through
periods without consuming food. This may justify the lower protein levels found at 15 to
21 days.

Male chicks fed with commercial feed based on corn and soy were evaluated for their
amount of plasma protein using refractometry methodology for 52 weeks, obtaining protein
concentration values of 3.30 g/dL in the first week. Similar concentrations were found in
this study when the cellulase enzyme was used in all the evaluated periods [77,78].

The chloride concentrations were statistically different throughout the analyzed period.
Potassium was only not statistically different at seven days but was also at 14 and 21 days.
The broiler chickens fed with diets based on soybean meal and corn with various levels
of potassium chloride were evaluated. The obtained average concentrations of chloride
and potassium were 106.37 and 6.16 umol /L, respectively. The averages identified for the
chlorides in this study were lower than those mentioned previously for both chloride and
potassium [79].

The degree of artificial changes (post-harvest) in the blood for the parameter of potas-
sium seems to follow species-specific patterns [80]. Rapid processing of samples is essential
to quantify this ion, as decreases of up to 60% in potassium concentrations in pigeon blood
were observed after two hours of collection. In chickens, this decrease was 30%.

The alkaline phosphatase enzyme activity in the birds’ serum at 7, 14, and 21 days did
not differ statistically. When evaluating alkaline phosphatase levels, it was observed that
the enzyme levels in the serum were higher in the first week of the birds’ age, suggesting
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a greater metabolic demand and adaptation of the bird to the phase where there is no
physiological maturity. It is noteworthy that these values increased, indicating that skeletal
changes are related to bone remodeling in fast-growing broiler chicken strains [81].

The previously demonstrated alkaline phosphatase activity values for broiler chickens
in the pre-initial phase fed commercial feed were 143.48 IU/L [82]. The authors evaluated
whether continuous administration of probiotics to broiler chickens fed commercial feed
would cause changes in serum enzyme levels of alkaline phosphatase and amylase [83].
They found that alkaline phosphatase showed activity peaks at seven days in control birds,
showing no statistical difference from the treated birds (939.17 IU/L). Similar results were
found during the evaluated phases with cellulase addition.

In previous work with amylase supplementation, the authors found alkaline phos-
phatase values that were not significant for 7 days of age (974.77 IU/L) and 21 days
(966.90 IU/L). These results are similar to those of this study, except that enzymatic supple-
mentation was performed using cellulase [51].

Hemolysis and prolonged contact with erythrocytes due to delayed plasma or serum
separation can affect potassium, calcium, phosphorus concentrations, and serum alkaline
phosphatase activity [69,72]. In birds, the 60 min deadline for sample centrifugation is not
acceptable, as it is necessary for this to occur immediately after collection. With delay, the
first change that occurs is a marked decrease in potassium values, which moves into the
cells [6,84].

5. Conclusions

Supplementation of liquid and powdered cellulase enzyme in the feed at 21 days
affected feed intake, digestibility, and blood electrolyte concentrations. The biometry of the
gastrointestinal tract and analyses of pancreas and liver viscera were not altered, which
may indicate normal bird development and the absence of toxicity.

Author Contributions: Conceptualization, F.d.S.P. and D.O.d.S.; methodology, Fd.S.P.,, D.O.d.S.
and C.J.U,; software, C.5.M. and C.ER.; validation, C.J.U. and ER.d.S.; formal analysis, FR.d.S;
investigation, F.d.S.P. and C.ER.; resources, ER.d.S. and EG.S.; data curation, C.5S.M.; writing—
original draft preparation, F.d.S.P.; writing—review and editing, W.J.d.S.; visualization, W.J.d.S.,
FG.S. and L.Ed.S; supervision, C.S.M.; project administration, C.5.M.; funding acquisition, EG.S. All
authors have read and agreed to the published version of the manuscript.

Funding: The authors are grateful to Fundacao de Amparo a Pesquisa do Estado de Goias (FAPEG:
Public call 012/2012 and digital control 201201269030044), for offering a scholarship to support these
studies and Universidade Federal de Goias (UFG), Instituto Federal de Educagao, Ciéncia e Tecnologia
Goiano (IF Goiano) for supporting this research regarding the use of facilities and laboratories.

Institutional Review Board Statement: This study was conducted at Goiano Federal Institute
(Instituto Federal Goiano—IF Goiano), Rio Verde campus in the aviary and laboratories of Animal
Nutrition and Animal Biochemistry and Metabolism. The experiments were approved by the Ethics
Committee of Goiano Federal Institute (protocol 008/14).

Informed Consent Statement: Not applicable.
Data Availability Statement: The data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

1. De Souza Sanches, D.; Kiefer, C.; de Moraes Garcia, E.R. Dietas alternativas para aves e suinos: Uma breve revisao. Rev. Eletronica
Multidiscip. Investig. Cientifica 2023, 2. [CrossRef]

2. Silva, AF; Cruz, EG.G.; Rufino, J.PF,; da Rocha Costa, V.; Guimaraes, C.C.; Melo, R.D. Substitui¢do do milho pelo Farelo de
Tucuma em ragoes para poedeiras comerciais leves. Rev. Agronegdocio Meio Ambiente 2023, 16, 1-12. [CrossRef]

3. Aratjo Netto, D.; Procépio, D.P.,; Lima, H.].D. Risco E Desempenho econdmico Da produgao De Galinhas Poedeiras Em Diferentes
Sistemas De criacao Sob a condigao De Clima Quente. Extensdio Rural 2023, 30, e63572. [CrossRef]


https://doi.org/10.56166/remici.2023.2.v2n1.2.3
https://doi.org/10.17765/2176-9168.2023v16n2e7619
https://doi.org/10.5902/2318179663572

Animals 2024, 14, 1467 15 of 18

10.

11.

12.

13.
14.
15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Dong, S.; Li, L.; Hao, F; Fang, Z.; Zhong, R.; Wu, J.; Fang, X. Melhorar a qualidade das aves e seus produtos carneos com
probiéticos, prebidticos e fitoextratos. Ciéncia Avicola 2024, 103, 103287.

Sirohi, R.; Rai, A.K,; de Souza Vandenberghe, L.P.; Parameswaran, B. (Eds.) Enzimas e Metabdlitos Microbianos para
Satide e Bem-Estar. Imprensa CRC. 2023. Available online: https://books.google.com.br/books?hl=pt-BR&Ilr=&id=sbC6
EAAAQBA]&oi=fnd&pg=PA1998&dq=Microbial+Enzymes+and+Metabolites+for+Health+and+Well-Being&ots=_kgseEYY9
1&sig=kkZLREeiwP_3vbIYiSNOJBOm8sg&redir_esc=y#v=onepage&q=Microbial %20Enzymes%?20and%20Metabolites%20for%
20Health%?20and %20Well-Beingé&f=false (accessed on 3 April 2024).

Velazquez-De Lucio, B.S.; Herndndez-Dominguez, E.M.; Villa-Garcia, M.; Diaz-Godinez, G.; Mandujano-Gonzalez, V.; Mendoza-
Mendoza, B.; Alvarez-Cervantes, J. Enzimas exégenas como aditivos zootécnicos na alimentagao animal: Uma revisao. Catal-
isadores 2021, 11, 851.

Munyaka, PM.; Nandha, N.K; Kiarie, E.; Nyachoti, C.M.; Khafipour, E. Impact of combined (3-glucanase and xylanase enzymes
on growth performance, nutrients utilization and gut microbiota in broiler chickens fed corn or wheat-based diets. Poult. Sci.
2016, 95, 528-540. [CrossRef]

Bikker, P; Jansman, A.J.M. Review: Composition and use of feed for monogastric animals in the context of circular food
production systems. Animal 2023, 17, 100892. [CrossRef]

Kleyn, R.; Chrystal, P. Masterclass Chicken Nutrition; Context Products Ltd.: Packington, UK, 2020. Available online: https://www.
contextbookshop.com/user_uploads/files /booksamples /Broiler-Nutrition-Masterclass.pdf (accessed on 29 March 2024).
Poernama, F; Wibowo, T.A.; Liu, Y.G. O efeito da alimentagao com fitase sozinha ou em combina¢ao com enzimas que degradam
polissacarideos nao amildceos no desempenho de frangos de corte, mineralizagao dssea e caracteristicas da carcaga. J. Appl. Poult.
Res. 2021, 30, 100134. [CrossRef]

Sutaoney, P; Rai, S.N.; Sinha, S.; Choudhary, R.; Gupta, A.K; Singh, S.K.; Banerjee, P. Perspectiva atual em pesquisa e aplicacoes
industriais de celulases microbianas. J. Int. Macromoléculas Biologicas 2024, 264, 130639. [CrossRef]

Rostagno, H.S.; Albino, L.ET.; Hannas, M.I,; Donzele, J.L.; Sakomura, N.K.; Perazzo, F.G.; Saraiva, A.; Teixeira, M.L,;
Rodrigues, PB.; de Oliveira, R.E; et al. Tabelas Brasileiras para Aves e Suinos: Composigio de Alimentos e Exigéncias Nutri-
cionais, 4th ed.; Departamento de Zootecnia, Universidade Federal de Vigosa: Vigosa, Brazil, 2017; p. 488. Available online:
https:/ /edisciplinas.usp.br/pluginfile.php /4532766 /mod_resource/content/1/Rostagno%?20et%20al%202017.pdf (accessed
on 30 January 2024).

Silva, D.J.; Queiroz, A.C. Andlises de Alimentos (Métodos Quimicos e Biologicos), 3rd ed.; UFV: Vigosa, Brazil, 2009; 235p.

SAEG. Statistical and Genetic Analysis System, version 9.5; SAEG: Vigosa, Brazil, 2007.

Da Silva, EI.C. A Agua na Nutrigdo Animal; Instituto Agrondmico de Pernambuco: Recife, Brazil, 2023.

Liebhart, D.; Bilic, I.; Grafl, B.; Hess, C.; Hess, M. O diagnodstico de doengas infecciosas em aves requer uma abordagem holistica:
Uma revisao. Aves 2023, 2, 252-280.

Kithama, M.; Hassan, Y.I; Yin, X.; Ross, K.; Julien, C.; Kennes, Y.M.; Diarra, M.S. Desempenho de crescimento, peso de érgaos e
metabolitos plasmaticos em frangos de corte alimentados com dieta de milho e farelo de soja contendo bagacos de frutas silvestres
e alimentados sem ou com suplemento multienzimatico. Ciéncia Avicola 2023, 102, 102544.

Leite, PR.S.C.; Leandro, N.S.M.; Stringhini, ].H.; Souza, E.S.; Café, M.B.; Carvalho, F.B.; Andrade, M.A. Microflora intestinal e
desempenho de frangos de corte alimentados com so ou milheto com complexos enzimaticos. Arq. Bras. Med. Veterindria Zootec.
2012, 64, 1673-1681. [CrossRef]

Nunes, J.K.; Gongalves, EM.; Dallmann, H.M.; Gentilini, EP,; Anciuti, M.A.; Rutz, E; da Silva JG, C. Desenvolvimento do sistema
digestorio de frangos de corte alimentados com farinha de batata doce. Arch. Zootec. 2011, 60, 1105-1114. [CrossRef]

De Freitas, E.S.; Kaiser, T. Desenvolvimento dos 6rgaos digestivos de frango de corte submetidos a diferentes tipos de jejum
pos eclosao. Arq. Bras. Med. Veterindria FAG 2021, 4, 121-130. Available online: https:/ /themaetscientia.fag.edu.br/index.php/
abmvfag/article/view /416 (accessed on 10 April 2024).

Nys, Y.; Guyot, N. Formagio e Quimica dos Ovos. Em Melhorar a Seguranga e a Qualidade dos Ovos e Ovoprodutos; Publicagao
Woodhead: Sawston, UK, 2011; pp. 83-132.

Rao, S.R.; Raju, M.V.L.N.; Nagalakshmi, D.; Prakash, B.; Paul, S.S. Efeito da suplementacao de concentra¢oes graduadas de
xilanase e x-amilase sobre o desempenho, variaveis de abate e digestibilidade energética em frangos de corte alimentados com
dieta a base de milho e farelo de soja. . Pesqui. Apl. Aves 2021, 30, 100139.

Singh, A.K,; Tiwari, U.P; Berrocoso, ].D.; Dersjant-Li, Y.; Awati, A.; Jha, R. Efeitos de uma combinacao de xilanase, amilase e
protease e probiéticos nos principais nutrientes, incluindo aminoacidos e utilizagao de polissacarideos nao amilaceos em frangos
de corte alimentados com diferentes niveis de fibras. Ciéncia Avicola 2019, 98, 5571-5581.

Ficagna, C.A,; Galli, G.M.; Zatti, E.; Sponchiado, B.M.; Cecere, B.G.D.O.; Deolindo, G.L.; da Silva, A.S. Glicerideos de acido
butirico na dieta de frangos de corte em substitui¢ao aos promotores de crescimento convencionais: Efeitos no desempenho,
metabolismo e satide intestinal. Arq. Nutr. Anim. 2022, 76, 191-204. [CrossRef] [PubMed]

Huang, C.H.; Chang, RJ.; Huang, S.L.; Chen, W. A suplementagao dietética de vitamina E afeta a peroxidagao lipidica tecidual de
tilapia hibrida, Oreochromis niloticus x O. aureus. Bioquimica Comp. Fisiol. Parte B Bioquimica Biol. Mol. 2003, 134, 265-270.
Distrito, N.E. Enzimas desramificadoras em ragdes para aves a base de milho/soja: Uma revisao. Ciéncia Avicola 2021, 100,
765-775.


https://books.google.com.br/books?hl=pt-BR&lr=&id=sbC6EAAAQBAJ&oi=fnd&pg=PA1998&dq=Microbial+Enzymes+and+Metabolites+for+Health+and+Well-Being&ots=_kgseEYY9l&sig=kkZLREeiwP_3vbIYiSN0JBOm8sg&redir_esc=y#v=onepage&q=Microbial%20Enzymes%20and%20Metabolites%20for%20Health%20and%20Well-Being&f=false
https://books.google.com.br/books?hl=pt-BR&lr=&id=sbC6EAAAQBAJ&oi=fnd&pg=PA1998&dq=Microbial+Enzymes+and+Metabolites+for+Health+and+Well-Being&ots=_kgseEYY9l&sig=kkZLREeiwP_3vbIYiSN0JBOm8sg&redir_esc=y#v=onepage&q=Microbial%20Enzymes%20and%20Metabolites%20for%20Health%20and%20Well-Being&f=false
https://books.google.com.br/books?hl=pt-BR&lr=&id=sbC6EAAAQBAJ&oi=fnd&pg=PA1998&dq=Microbial+Enzymes+and+Metabolites+for+Health+and+Well-Being&ots=_kgseEYY9l&sig=kkZLREeiwP_3vbIYiSN0JBOm8sg&redir_esc=y#v=onepage&q=Microbial%20Enzymes%20and%20Metabolites%20for%20Health%20and%20Well-Being&f=false
https://books.google.com.br/books?hl=pt-BR&lr=&id=sbC6EAAAQBAJ&oi=fnd&pg=PA1998&dq=Microbial+Enzymes+and+Metabolites+for+Health+and+Well-Being&ots=_kgseEYY9l&sig=kkZLREeiwP_3vbIYiSN0JBOm8sg&redir_esc=y#v=onepage&q=Microbial%20Enzymes%20and%20Metabolites%20for%20Health%20and%20Well-Being&f=false
https://doi.org/10.3382/ps/pev333
https://doi.org/10.1016/j.animal.2023.100892
https://www.contextbookshop.com/user_uploads/files/booksamples/Broiler-Nutrition-Masterclass.pdf
https://www.contextbookshop.com/user_uploads/files/booksamples/Broiler-Nutrition-Masterclass.pdf
https://doi.org/10.1016/j.japr.2020.100134
https://doi.org/10.1016/j.ijbiomac.2024.130639
https://edisciplinas.usp.br/pluginfile.php/4532766/mod_resource/content/1/Rostagno%20et%20al%202017.pdf
https://doi.org/10.1590/S0102-09352012000600037
https://doi.org/10.4321/S0004-05922011000400026
https://themaetscientia.fag.edu.br/index.php/abmvfag/article/view/416
https://themaetscientia.fag.edu.br/index.php/abmvfag/article/view/416
https://doi.org/10.1080/1745039X.2022.2162796
https://www.ncbi.nlm.nih.gov/pubmed/36688467

Animals 2024, 14, 1467 16 of 18

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.
50.

51.

52.

53.
54.

Alagawany, M.; Elnesr, S.S.; Farag, M.R. O papel das enzimas exégenas na promogao do crescimento e na melhoria da digestibili-
dade dos nutrientes nas aves. J. Iran. Pesqui. Veterindria 2018, 19, 157.

Gouveia AB, V.S.; de Paulo, L.M.; da Silva JM, S.; de Sousa, FE.; dos Santos, E.R.; Minafra, C.S. Subprodutos da soja na alimentacao
de aves: Revisdo. Res. Soc. Dev. 2020, 9, €471974187. [CrossRef]

Oliveira, P.A.V. Swine Manure Management and Utilization Manual. Concordia: Embrapa Swine and Poultry; Documents, 27; CNPSA:
Concoérdia, Brazil, 1994; 188p.

Marques, S.F.; Minafra, C.S.; Café, M.B.; Stringhini, J.H.; Ulhoa, C.J. Produgao e caracterizagao de um complexo multienzimatico
de Trichoderma harzianum e sua aplicacao em dietas para pintos de corte. Biotecnol. Atual 2018, 7, 26-33.

Reis, T.L. Nutri¢ao precoce de pintos de corte. Ciéncia Anim. 2018, 28, 82-97.

Carvalho, L.S.S.; Machado, C.A.; Fagundes, N.S.; Litz, EH.; Fernandes, E.D.A. Desenvolvimento biométrico e desempenho de
frangos de corte submetidos a diferentes periodos de jejum pos-eclosao. Rev. Bras. Pesqui. Veterindria Zootec. 2013, 50, 300-306.
[CrossRef]

Abou-Ashour, A M.H.; El-Rahman, A.; El-Naga, A.; Manal, K,; Elfergany, N.S.; Hussein, E.A. Influéncia da polisima dietética em
dieta baixa em proteina bruta no desempenho de patos molares brancos. Menoufia |. Anim. Poult. Fish Prod. 2022, 6, 11-30.
Shoaib, M.; Bhatti, S.A.; Ashraf, S.; Hamid MM, A.; Najam-us-Sahar, J.; Muhammad, M.; Amir, S.; Aslam, N.; Roobi, A;
Igbal, H.H.; et al. Digestao e metabolismo de gordura: Efeito de diferentes fontes de gordura e mobilizadores de gordura na
dieta de frangos de corte sobre o desempenho de crescimento e parametros fisiolégicos—Uma revisao. Ann. Anim. Sci. 2023, 23,
641-661. [CrossRef]

Cordeiro, D.A.; Dos Santos, F.R.; Dos Santos, H.B.; Silva, M.R.S.; de Oliveira, N.F,; Minafra, C.S. Complexo enzimatico para
frangos de corte alimentados com dieta contendo diferentes niveis de Graos Secos Distiller com Soluveis. Quimica Aliment. 2022,
386, 132761.

Karlovsky, P.; Suman, M.; Berthiller, F.; De Meester, J.; Eisenbrand, G.; Perrin, I.; Dussort, P. Impacto do processamento de
alimentos e tratamentos de desintoxica¢ao na contaminacao por micotoxinas. Pesqui. Micotoxinas 2016, 32, 179-205.

Fathima, S.; Hakeem WG, A.; Shanmugasundaram, R.; Selvaraj, R.K. Necrotic enteritis in broiler chickens: A review on the
pathogen, pathogenesis, and prevention. Microanisms 2022, 10, 1958. [CrossRef]

Steenfeldt, S. O efeito dietético de diferentes cultivares de trigo para frangos de corte. Ciéncia Avicola Britdnica 2001, 42, 595-609.
Brenes, A.; Guenter, W.; Marquardt, R.R.; Rotter, B.A. Effect of 3-glucanase/pentosanase enzyme supplementation on the
performance of chickens and laying hens fed wheat, barley, naked oats and rye diets. Can. |. Anim. Sci. 1993, 73, 941-951.
[CrossRef]

Christofoli, M.; da Silva, W.J.; da Silva, N.F.; Bonifacio, N.P,; Souza, C.S; Silva, EG.; Minafra, C.S. Diet of Broilers with Essential
Oil from Citrus sinensis and Xylopia aromatica Fruits. Animals 2023, 13, 3326. [CrossRef]

Caspary, W.E. Physiology and pathophysiology of intestinal absorption. Am. J. Clin. Nutr. 1992, 55, 2995-308S. [CrossRef]
[PubMed]

Amerah, A.M.; Ravindran, V,; Lentle, R.G.; Thomas, D.G. Influence of feed particle size and feed form on the performance, energy
utilization, digestive tract development, and digesta parameters of broiler starters. Poult. Sci. 2007, 86, 2615-2623. [CrossRef]
Croom, W.J.; Brake, J.; Coles, B.A.; Havenstein, G.B.; Christensen, V.L.; McBride, B.W.; Taylor, I.L. Is intestinal absorption capacity
rate-limiting for performance in poultry? J. Appl. Poult. Res. 1999, 8, 242-252. [CrossRef]

Yang, Z.; Pirgozliev, V.R.; Rose, S.P.; Woods, S.; Yang, H.M.; Wang, Z.Y.; Bedford, M.R. Effect of age on the relationship between
metabolizable energy and digestible energy for broiler chickens. Poult. Sci. 2020, 99, 320-330. [CrossRef] [PubMed]

Zhi-gang, T.; Naeem, M.; Chao, W.; Tian, W.; Yan-min, Z. Effect of dietary probiotics supplementation with different nutrient
density on growth performance, nutrient retention and digestive enzyme activities in broilers. JAPS J. Anim. Plant Sci. 2014, 24,
1309-1315. Available online: https://www.thejaps.org.pk/docs/v-24-5/06.pdf (accessed on 10 April 2024).

Aderibigbe, A.; Cowieson, A.].; Sorbara, J.O.; Adeola, O. Growth phase and dietary x-amylase supplementation effects on
nutrient digestibility and feedback enzyme secretion in broiler chickens. Poult. Sci. 2020, 99, 6867-6876. [CrossRef]

Barszcz, M.; Tusnio, A.; Taciak, M. Poultry nutrition. Phys. Sci. Rev. 2024, 9, 611-650. [CrossRef]

Marchaim, U.; Kulka, R.G. O aumento nao paralelo de amilase, quimotripsinogénio e procarboxipeptidase no pancreas de
pintinho em desenvolvimento. Biochim. Biophys. Acta (BBA) Enzymol. 1967, 146, 553-559. [CrossRef]

Noy, Y.; Sklan, D. Digestion and absorption in the young chick. Poult. Sci. 1995, 74, 366-373. [CrossRef]

Nitsan, Z.; Ben-Avraham, G.; Zoref, Z.; Nir, I. Growth and development of the digestive ans and some enzymes in broiler chicks
after hatching. Br. Poult. Sci. 1991, 32, 515-523. [CrossRef]

Miranda, H.A.F; Lopes, LM.G.; de Lima, M.D.; Ferreira, F.; Pereira, E.B.; da Silva, L.E; Costa, L.F. Efeitos da nutri¢dao in ovo no
desempenho de frangos de corte: Uma revisao. Res. Soc. Dev. 2021, 10, 38810212307. [CrossRef]

Minafra, C.S.; Moraes GH, K.D.; Rodrigues AC, P; Silva FA, D.; Stringhini, ].H.; Rezende, C.S.M. Perfil bioquimico e nutricional
do acido glutdmico e da vitamina K no soro e no figado de frangos de corte de 1 a 21 dias de idade. Rev. Bras. Zootec. 2008, 37,
1973-1977. [CrossRef]

Fudge, A.M. Diagnosis and treatment of avian bacterial disease. Semin. Avian Exot. Pet Med. 2001, 1, 3-11. [CrossRef]
Aliansyah, E.; Chng, H.T.; Xie, S. A Critical review of the pharmacokinetics and pharmacodynamics of opioid medications used
in avian patients. Birds 2021, 3, 1-28. [CrossRef]


https://doi.org/10.33448/rsd-v9i7.4187
https://doi.org/10.11606/issn.2318-3659.v50i4p300-306
https://doi.org/10.2478/aoas-2022-0083
https://doi.org/10.3390/microorganisms10101958
https://doi.org/10.4141/cjas93-095
https://doi.org/10.3390/ani13213326
https://doi.org/10.1093/ajcn/55.1.299s
https://www.ncbi.nlm.nih.gov/pubmed/1728844
https://doi.org/10.3382/ps.2007-00212
https://doi.org/10.1093/japr/8.2.242
https://doi.org/10.3382/ps/pez495
https://www.ncbi.nlm.nih.gov/pubmed/32416817
https://www.thejaps.org.pk/docs/v-24-5/06.pdf
https://doi.org/10.1016/j.psj.2020.09.007
https://doi.org/10.1515/psr-2021-0122
https://doi.org/10.1016/0005-2744(67)90239-2
https://doi.org/10.3382/ps.0740366
https://doi.org/10.1080/00071669108417376
https://doi.org/10.33448/rsd-v10i2.12307
https://doi.org/10.1590/S1516-35982008001100011
https://doi.org/10.1053/saep.2001.19542
https://doi.org/10.3390/birds3010001

Animals 2024, 14, 1467 17 of 18

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Machado, D.N.; Lopes, E.S.; Albuquerque, AH.; Bezerra WG, A.; Horn, R.V.; Lima SV, G.; Teixeira, R.S.C. Detecgao e avaliagao do
perfil de sensibilidade antimicrobiana de enterobactérias isoladas de periquitos cara-suja (Pyrrhura griseipectus) em cativeiro. Arq.
Bras. Med. Veterindria E Zootec. 2016, 68, 1732-1736. [CrossRef]

Valle, S.D.E,; Allgayer, M.D.C; Pereira, R.A.; Barcellos, L.].G.; Hlavac, N.R.C.; Franca, R.T.; Locatelli, M.L. Serum biochemical
parameters of healthy male, female and young blue-and-yellow macaws (Ara ararauna) bred in captivity. Ciéncia Rural. 2008, 38,
711-716. [CrossRef]

Costa, H.D.A,; Vaz, RG.M.V;; Silva, M.C.D.; Rodrigues, K.F,; Sousa, L.F,; Bezerra, L.D.S.; Oliveira, M.ED. Performance and meat
quality of broiler chickens reared on two different litter materials and at two stocking densities. Br. Poult. Sci. 2021, 62, 396—403.
[CrossRef]

Rocha, T.; Andrade, M.A.; Santana, E.; Fayad, A.; Matias, T. Aspectos clinicos, patologicos e epidemioldgicos de doengas
imunossupressoras em aves. Enciclopédia Biosf. 2014, 10, 355. Available online: https://www.conhecer.org.br/ojs/index.php/
biosfera/article/view /2669 (accessed on 3 April 2024).

Pesti-Asboéth, G.; Szilagyi, E.; Bironé Molnar, P.; Olah, J.; Babinszky, L.; Czeglédi, L.; Remenyik, ]J. Monitoring physiological
processes of fast-growing broilers during the whole life cycle: Changes of redox-homeostasis effected to trassulfuration pathway
predicting the development of non-alcoholic fatty liver disease. PLoS ONE 2023, 18, e0290310. [CrossRef]

Yadav, R.; Mondal, B.C.; Chauhan, R.S. Nutrients and their Effect on Imnmunomodulation in Animals. Intas Polivet 2020, 21,
267-287.

Reece, W.O.; Swenson, M.]. A composicao e fung¢des do sangue. Fisiol. Dos Animais Domésticos Dukes Ed. 2004, 12, 26-52.
Artacho, P.; Soto-Gamboa, M.; Verdugo, C.; Nespolo, R.F. Blood biochemistry reveals malnutrition in black-necked swans (Cygnus
melanocoryphus) living in a conservation priority area. Comp. Biochem. Physiol. Part A Mol. Integr. Physiol. 2007, 146, 283-290.
[CrossRef]

Capitelli, R.; Crosta, L. Overview of psittacine blood analysis and comparative retrospective study of clinical diagnosis, hematol-
ogy and blood chemistry in selected psittacine species. Vet. Clin. Exot. Anim. Pract. 2013, 16, 71-120. [CrossRef]

Klein, R.; Nagy, O.; Téthova, C.; Chovanova, F. Clinical and diagnostic significance of lactate dehydrogenase and its isoenzymes
in animals. Vet. Med. Int. 2020, 2020, 5346483. [CrossRef]

McPherson, R.A.; Pincus, M.R. E-Book sobre Diagndstico Clinico e Manejo de Henry por Métodos Laboratoriais; Elsevier Ciéncias
da Satde: Amsterdam, The Netherlands, 2021. Available online: https://books.google.com.br/books?id=RW4yEAAAQBA]&
printsec=frontcover&hl=pt-BR&source=gbs_ge_summary_ré&cad=0#v=onepage&qéf=false (accessed on 3 April 2024).
Gordon, A.D. Cleaning Up Our Own Houses: Creating Anti-Racist Clinical Programs. Clin. L. Rev. 2022, 29, 49. [CrossRef]
Reis, S.A.; Calaga, K.L.; Nascente, E.D.P.; Damasceno, A.D.; Jayme, V.D.S.; Andrade, M.A. Identification and antimicrobial
resistance of Salmonella enterica isolated from live birds at commercial resellers. Ciéncia Anim. Bras. 2021, 21, e-64646. [CrossRef]
Cardoso, A.L.S.P.; Tessari, ENN.C. Salmonella enteritidis em aves e na saude publica: Revisao de literatura. Rev. Cient. Eletronica
Med. Vet. 2013, 11, 1-27.

Capitelli, R.; Crosta, L. Visao geral da andlise sanguinea de psitacideos e estudo retrospectivo comparativo de diagnostico clinico,
hematologia e quimica do sangue em espécies selecionadas de psitacideos. Clinicas Veterindrias Prdtica Animais Exdticos 2013, 16,
71-120.

Sun, Q.; Guo, Y,; Li, ].; Zhang, T.; Wen, J. Efeitos do andlogo hidroxi metionina quelatado Cu/Mn/Zn no desempenho de postura,
qualidade dos ovos, atividade enzimatica e retengao mineral de poedeiras. J. Poult. Sci. 2012, 49, 20-25. [CrossRef]

Demcenco, B.; Balan, I.; Petcu, I.; Osadci, N.; Gramovici, V.; Rosca, F. Peculiaridades do metabolismo mineral em aves no periodo
reprodutivo. In Proceedings of the Congresso Internacional de Geneticistas e Criadores da Republica da Moldavia, Chisinau,
Moldova, 15-16 June 2021; p. 127. [CrossRef]

Jiang, S.; Zou, X.; Mao, M.; Zhang, M.; Tu, W.; Jin, M. A dieta pobre em Ca leva ao aumento da retencao de Ca, alterando a flora
intestinal e o valor do pH ileal em galinhas poedeiras. Nutr. Anim. 2023, 13, 270-281. [CrossRef] [PubMed]

Bello, A.; Dersjant-Li, Y.; Korver, D.R. Efeitos dos niveis dietéticos de calcio e fésforo disponivel e suplementagao de fitase no
desempenho, densidade mineral 6ssea e marcadores 6sseos bioquimicos séricos em galinhas poedeiras brancas envelhecidas.
Ciéncia Avicola 2020, 99, 5792-5801.

Kwiecieni, M.; Jachimowicz-Rogowska, K.; Krupa, W.; Winiarska-Mieczan, A.; Krauze, M. Effects of dietary supplementation of L-
Carnitine and mannan-oligosaccharides on growth performance, selected carcass traits, content of basic and mineral components
in liver and muscle tissues, and bone quality in Turkeys. Animals 2023, 13, 770. [CrossRef] [PubMed]

Chandran, D.; Neha, A.R.; Soman, M.; Sreelakshmi, K.S.; Vinod, N.; HariSankar, C.R.; Savanth, V.V. Moringa oleifera as a
feed additive: A narrative assessment of current understanding regarding its potential beneficial health effects and increasing
production performances of poultry. Indian Vet. |. 2022, 99, 7-17.

Lake, J.A.; Yan, Y.; Dekkers, J.C.; Qiu, J.; Brannick, E.M.; Abasht, B. Identification of circulating metabolites associated with
wooden breast and white striping. PLoS ONE 2022, 17, e0274208. [CrossRef]

Elchaninov, A.; Sukhikh, G.; Fatkhudinov, T. Evolucao da regeneracao em animais: Uma histéria complicada. Front. Ecol. Evolugio
2021, 9, 621686. [CrossRef]

Cardoso, A.L.S.P; Tessari, E.N.C. Estudo dos parametros hematoldgicos em frangos de corte. Arq. Inst. Biologico 2003, 70, 419-424.


https://doi.org/10.1590/1678-4162-8819
https://doi.org/10.1590/S0103-84782008000300018
https://doi.org/10.1080/00071668.2020.1864810
https://www.conhecer.org.br/ojs/index.php/biosfera/article/view/2669
https://www.conhecer.org.br/ojs/index.php/biosfera/article/view/2669
https://doi.org/10.1371/journal.pone.0290310
https://doi.org/10.1016/j.cbpa.2006.10.031
https://doi.org/10.1016/j.cvex.2012.10.002
https://doi.org/10.1155/2020/5346483
https://books.google.com.br/books?id=RW4yEAAAQBAJ&printsec=frontcover&hl=pt-BR&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.com.br/books?id=RW4yEAAAQBAJ&printsec=frontcover&hl=pt-BR&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://doi.org/10.2139/ssrn.4187924
https://doi.org/10.1590/1809-6891v21e-64646
https://doi.org/10.2141/jpsa.011055
https://doi.org/10.53040/cga11.2021.104
https://doi.org/10.1016/j.aninu.2023.02.006
https://www.ncbi.nlm.nih.gov/pubmed/37168452
https://doi.org/10.3390/ani13040770
https://www.ncbi.nlm.nih.gov/pubmed/36830557
https://doi.org/10.1371/journal.pone.0274208
https://doi.org/10.3389/fevo.2021.621686

Animals 2024, 14, 1467 18 of 18

79.

80.

81.
82.

83.

84.

Franzen-Klein, D.; Jankowski, M.; Roy, C.L.; Nguyen-Phuc, H.; Chen, D.; Neuman-Lee, L.; Ponder, J. Avaliagao de anormalidades
neurocomportamentais e imunotoxicidade em resposta a exposigao oral ao imidacloprido em galinhas domésticas (Gallus gallus
domesticus). J. Toxicol. Satide Ambient. Parte A 2020, 83, 45-65.

Ahmad, T.; Khalid, T.; Mushtaq, T.; Mirza, M.A.; Nadeem, A.; Babar, M.E.; Ahmad, G. Effect of potassium chloride supplementa-
tion in drinking water on broiler performance under heat stress conditions. Poult. Sci. 2008, 87, 1276-1280. [CrossRef]

Harr, K.E. Clinical chemistry of companion avian species: A review. Vet. Clin. Pathol. 2002, 31, 140-151. [CrossRef]

Laws, S.; Harper, C.; Jones, N.; Marcus, R. Pesquisa para o desenvolvimento: Um guia pratico. Sdbio 2013. Available
online:  https://books.google.com.br/books?hl=pt-BR&Ir=&id=CHzv45ytOLAC&oi=fnd&pg=PP1&dq=.+Research+for+
Development:+A+Practical+Guide&ots=TiAac6 VDQB&sig=pU-NklbRafVIAL9zmdDJtdZ4knk&redir_esc=y#v=onepage&q=
.%20Research%20for%20Development:%20A%20Practical %20Guide&f=false (accessed on 20 March 2024).

Valchev, I.; Kanakov, D.; Hristov, T.S.; Lazarov, L.; Binev, R.; Grozeva, N.; Nikolov, Y. Investiga¢des sobre a fungao hepatica
de frangos de corte com aflatoxicose experimental. Rev. Biilgara Med. Veterindria 2014, 17, 302-313. Available online: http:
/ /tru.uni-sz.bg/bjvm/BJVM%20December%202014%20p.302-313.pdf (accessed on 2 March 2024).

Khan, S.H.; Atif, M.; Mukhtar, N.; Rehman, A.; Fareed, G. Efeitos da suplementacao de probiéticos multienzimaticos e mul-
tiespécies no desempenho produtivo, qualidade dos ovos, nivel de colesterol e sistema imunolégico em galinhas poedeiras.
J. Pesqui. Anim. Apl. 2011, 39, 386-398.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3382/ps.2007-00299
https://doi.org/10.1111/j.1939-165X.2002.tb00295.x
https://books.google.com.br/books?hl=pt-BR&lr=&id=CHzv45ytOLAC&oi=fnd&pg=PP1&dq=.+Research+for+Development:+A+Practical+Guide&ots=TiAac6VDQB&sig=pU-NklbRafVIAL9zmdDJtdZ4knk&redir_esc=y#v=onepage&q=.%20Research%20for%20Development:%20A%20Practical%20Guide&f=false
https://books.google.com.br/books?hl=pt-BR&lr=&id=CHzv45ytOLAC&oi=fnd&pg=PP1&dq=.+Research+for+Development:+A+Practical+Guide&ots=TiAac6VDQB&sig=pU-NklbRafVIAL9zmdDJtdZ4knk&redir_esc=y#v=onepage&q=.%20Research%20for%20Development:%20A%20Practical%20Guide&f=false
https://books.google.com.br/books?hl=pt-BR&lr=&id=CHzv45ytOLAC&oi=fnd&pg=PP1&dq=.+Research+for+Development:+A+Practical+Guide&ots=TiAac6VDQB&sig=pU-NklbRafVIAL9zmdDJtdZ4knk&redir_esc=y#v=onepage&q=.%20Research%20for%20Development:%20A%20Practical%20Guide&f=false
http://tru.uni-sz.bg/bjvm/BJVM%20December%202014%20p.302-313.pdf
http://tru.uni-sz.bg/bjvm/BJVM%20December%202014%20p.302-313.pdf

	Introduction 
	Materials and Methods 
	Broiler Farming 
	Origin of the Tested Enzyme 
	Performance Evaluation 
	Apparent Metabolizability Analysis 
	Intestinal Histomorphometry 
	Serum, Liver, and Pancreas Biochemical Profiles 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

