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Simple Summary: Laying hens possess a considerable capacity for digestion, yet certain foods
contain compounds that hinder the function of digestive enzymes in avian species. These
compounds, referred to as anti-nutritional factors, include phytate. Phytate degradation is
facilitated by phytase. Through super dosing, complete elimination of phytate can be achieved,
thereby enabling birds to optimize their utilization of food and nutrients previously associated with
undigested compost. Consequently, the determination of the optimal phytase dosage for phytate
degradation in diets for laying hens during the egg production phase assumes paramount
importance. Therefore, the objective of this study was to evaluate this aspect, taking into
consideration various physiological and productive efficiency metrics related to laying hens.

Abstract: Despite the acknowledged advancements in the utilization of phytase super dosing,
limited research has been conducted on commercial laying hens. To assess the effectiveness of
superdoses of exogenous phytase, a total of 320 laying hens aged between 44 and 64 weeks were
utilized. These hens were divided into five treatments, which were then distributed using a
completely randomized design with eight replicates, each containing eight birds. The treatments
consisted of phytase supplementation levels of 0, 500, 1000, 1500, and 3000 FTU/kg. Quadratic
regression equations were utilized to determine the maximum and minimum values for the levels
of phytase supplementation. A significant difference was observed in the levels of phytase
supplementation, where a quadratic model was fitted to various variables including egg weight (g),
egg mass (g/bird/day), feed conversion per egg mass (g/g), yolk concentration (%), albumen
concentration (%), shell thickness (um), shell strength (kgf), specific gravity, yolk color, and also an
increased supplementation improved the digestive tract of the hens, thereby providing a better
villus: crypt ratio. Considering the advantageous effects of phytase super dosing, it is recommended
to supplement corn and soybean meal-based diets with 1500 FTU/kg of bacterial phytase for laying
hens during the 44 to 64 weeks of production period.

Keywords: Phytase; commercial laying hens; supplementation; egg production

1. Introduction

The utilization of exogenous enzymes in poultry diets has emerged as a strategy to enhance
animal production and minimize production expenses. Additionally, it has the potential to counteract
the antinutritional repercussions that certain feed ingredients may have on the animals. Furthermore,
the incorporation of these exogenous enzymes has resulted in improved ingredient utilization,
facilitating their digestion and metabolic processes in birds, while simultaneously reducing the
excretion of environmentally detrimental substances.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The enzymes utilized include phytase, which functions by catalyzing and hydrolyzing phytate
molecules, typically yielding inositol, inositol monophosphate, and inorganic phosphate. This
process enhances the availability of phosphorus for absorption [1]. Nevertheless, it has been observed
that phytate can have detrimental effects on the digestion and absorption of other minerals, amino
acids, and energy [2]. Furthermore, it acts as an intestinal irritant, leading to increased endogenous
losses [3]. Consequently, new concepts regarding the utilization of thisenzyme have emerged as
further studies are conducted. This is because the extra-phosphoric effects of phytases enable their
application for purposes beyond the liberation of phosphorus from phytic acid molecules.

The phytase enzyme demonstrates additional phosphoric activity during animal digestion.
These enzymes enhance the digestibility of minerals, amino acids, and energy when incorporated
into the diet. Additionally, they contribute to the function of essential endogenous enzymes in
metabolism and promote elevated concentrations of hepatic carotenoid, a-tocopherol, retinol, and
coenzyme Q10 [6]. Moreover, this enzyme can impact the insulin receptor sensitivity of the chicken
liver and inhibit the expression of the insulin-like growth factor-1 gene [7]. Considering these
metabolic benefits, researchers have exploredthe concept of phytase super dosing to determine the
optimal level of enzyme supplementation in poultry diets.

Despite the well-documented advancements in the utilization of phytase super dosing, there is
a lack of research conducted on commercial laying hens. This study aims to address this gap by
investigating the impact of dietary supplementation with super doses of exogenous phytase on laying
hens in their second production cycle (44 to 64 weeks). The hypothesis behind this study is that
phytase hydrolyzes phytic acid molecules, thereby enhancing the digestibility and availability of
essential minerals, amino acids, and energy. Additionally, the study examines the potential effects
on the development of the digestive tract, as well as the improvements in the productive performance
of laying hens.

2. Materials and Methods

The experimental protocol was approved by the Animal Research Ethics Committee of the
Federal University of Paraiba, Brazil, by certificate of approval n° 023/2017.

2.1. Experimental Design, Facilities, and Diets

The experiment was performed using the Poultry Module of the Department of Animal Science
of the Center of Agricultural Sciences of UFPB, Campus II, located in the municipality of Areia, state
of Paraiba (PB), Brazil. The temperature and relative humidity were recorded daily throughout the
experiment, with a resulting mean temperature of 26 °C and relative humidity of 87%.

A total of 320 Hy-line W-36 laying hens, 44 to 64 weeks of age, were used for 20 weeks of
experimentation, with a mean initial productivity of 94%. The experiment was divided into 5
treatments distributed in a completely randomized design with 8 replicates and 8 birds per replicate.
The phytase used originated from Escherichia coli bacteria and is classified as 6-phytase (EC 3.1.3.26).

The hens were housed in a conventional laying house, with clay tile roofing and with feeding
troughs and nipple drinkers; the hens were grouped in galvanized wire cages measuring 45 cm X 45
cm X 30 cm, where they received water and food ad libitum. The light program adopted was that
recommended by the Hy-line W36 breeding manual, with 16 hours of light per day, which was
divided into 12 hours of natural light and 4 hours of artificial light provided continuously by
fluorescent lamps.

The diets were formulated to meet the nutritional requirements of the animals according to the
breeding manual Hy-line W36; these diets were isoproteic and isoenergetic. To meet the levels of 0,
500, 1000, 1500, and 3000 FTU/kg, the inert ingredient was replaced by doses of phytase enzyme in
the following proportions: zero, 0.100, 0.200, 0.300, and 0.600 kg/ton (Table 1).
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Table 1. Experimental diets with super dosing of bacterial phytase for laying hens in the second
production cycle (44 to 64 weeks).

Treatment (Phytase—FTU level)

Ingredients, g/kg 0 500 1000 1500 3000
Corn, 7.88% 586.890
Soybean Meal, 45.22% 249.390
Soybean Oil 30.000
Limestone 103.820
Dicalcium phosphate 18.5% 19.940
Salt 2.430
DL-Methionine 2.120
L-Lysine HCl 0.350
L-Valine 0.050
Na Bicarbonate 2.840
Choline Chloride 0.700
Mineral Premix! 0.500
Vitamin Premix? 0.250
Antioxidant? 0.100
Colistin 0.020
Inert* 0.600 0.500 0.400 0.300 0.000
Phytase® 0.000 0.100 0.200 0.300 0.600
Total (ton) 1.000 1.000 1.000 1.000 1.000
Nutritional composition
FTU/kg 0 500 1000 1500 3000
Metabolizable Energy, kcal/kg 2822.000
Crude Protein, % 16.060
Met + Cys dig, % 0.660
Met dig,% 0.433
Lysine dig,% 0.780
Threonine dig,% 0.550
Valine dig,% 0.690
Ca,% 4.480
P avail, % 0.490
ClL% 0.210
Na,% 0.190
K, % 0.627
Phytic Acid,% 0.198
Electrolytic balance, mEq/kg 183.650

Minimum premix per kilogram of feed: Mn: 60 g; Fe: 80 g; Zn: 50 g; Cu: 10 g; Co: 2 g; I: 1 g; Se: 250 mg.; 2Vitamin
premix per kilogram of feed: vitamin A: 15,000,000 IU; vitamin D3: 1,500,000 IU; vitamin E: 15,000 IU; vitamin
B1: 2.0 g; vitamin B2: 4.0 g; vitamin B6: 3.0 g; vitamin B12: 0.015 g; nicotinic acid: 25 g; pantothenic acid: 10 g;
vitamin K3: 3.0 g; folic acid: 1.0 g.; *Ethoxyquin; *‘Washed sand; 5Quantum Blue 5000; Contribution of the enzyme
supplementing 500 FTU: available phosphorus 0.150%, calcium 0.165%, sodium 0.035%, lysine 0.017%,
methionine 0.004%, cystine 0.035%, threonine 0.033%, crude protein 0.421%, metabolizable energy 52 kcal/kg.
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2.2. Performance Analysis

In the 15 days prior to the start of the experiment, the production of the birds was recorded and
used as the basis for the distribution and homogenization of the experimental plots.

The experimental period was divided into 5 subperiods of 28 days. Egg collection was performed
daily in the afternoon after the production of each plot was recorded; in the case of mortality,
corrections were made as needed. In the last 3 days of each subperiod, all eggs were weighed, and 6
eggs per plot were selected based on the mean weight; and 3 of these eggs were used for analysis of
egg quality, 2 for analysis of specific gravity, and 1 for the analysis of shell strength. Thus, 720 eggs
were analyzed per treatment at the end of the experiment (6 eggs x 3 days x 8 replicates x 5
subperiods).

The analyzed variables related to performance and egg quality were as follows: feed
consumption (g/bird/day); productivity (%); egg weight (g); egg mass (g/bird/day); feed conversion
per egg mass (kg/kg) and per dozen eggs (kg/dz); percentages (%) of yolk, albumen, and shell; shell
thickness (um); Haugh unit; yolk color; specific gravity (g/cm3); shell strength (kgf); and viability
(%).

2.3. Intestinal Morphometry

At the end of the experiment, one bird per replicate was chosen based on the mean weight of the
plot and then euthanized for subsequent collection of biological material. A 1-cm fragment was
collected from the middle portion of the duodenum of each bird, with each treatment comprising 8
fragments; these fragments were fixed by immersion in 10% formaldehyde. The tissue fragments
were embedded in paraffin according to standard histological procedures [8]. Next, 5-um sections
were cut from each paraffin block in a microtome, and the histological slides were stained with
“Periodic Acid- Schiff” (PAS) and scanned with a Motic camera coupled to an Olympus BX-53
microscope with Motic Image Plus 2.0 image analyzer software.

For each photomicrograph, three measurements of the intestinal villus height and its respective
crypt were taken, totaling 72 measurements (8 animals x 3 photomicrographs x 3 measurements) for
each variable mentioned above per treatment. The villus height (VH, um) was measured from the
region of the intestinal mucosa that coincided with the upper portion of the crypts until its apex. The
crypt depth (CD, um) was the distance between the villus base to the crypt-villus transition region.
The villus:crypt (V:C) ratio was determined by the ratio of the villus height to the crypt depth. The
histomorphometric analyses were performed by a single histologist to avoid interpretation errors.

2.4. Glycogen and Hepatic Steatosis

This analysis adopted the same standard histological and image capture procedure that was
described for intestinal morphometry. A 0.5-cm3 fragment of the left lateral lobe of the liver of each
bird was collected, with each treatment comprising 8 fragments. For the assessment of the glycogen
levels and grade of hepatic steatosis, an evaluation score was assigned to each liver analyzed using
liver photomicrographs of each animal. Histological slides were also stained with PAS.

Four liver photomicrographs were used for the evaluation of the glycogen concentration and
hepatic steatosis score for each animal, totaling 32 samples (8 animals x 4 photomicrographs), which
were analyzed by assigning a score for the glycogen concentration and grade of steatosis. For the
glycogen concentration, scores were assigned according to the presence of glycogen in the liver of the
birds: 0 (no positivity), 1 (little positivity), 2 (moderate positivity), and 3 (intense positivity). Scores
for the grade of hepatic steatosis were defined considering the amount and size of the cytoplasmic
lipid vacuoles in hepatocytes in PAS staining as follows: 0 (no steatosis), 1 (mild steatosis), 2
(moderate steatosis), and 3 (advanced steatosis) in a modified version of Ishak’s semiquantitative
scoring system [9].
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2.5. Morphometry of the Magnum

The standard histological and image capture procedure described above was used for this
analysis. A 1-cm fragment from the middle and thicker region of the magnum was collected per
animal, with each treatment comprising 8 fragments. Histological slides were also stained with PAS.
Two photomicrographs were used for each animal for morphometric assessment of the magnum,
totaling 16 samples (8 animals x 2 photomicrographs). In this material, the folds of the magnum,
maturation of the glands, and the thickness of the epithelium of the magnum were evaluated. To
measure the epithelium of the magnum, a measurement was taken from each scanned
photomicrograph, totaling 16 measurements per treatment.

2.6. Uterine Folds

The standard histological and image capture procedure described above was used for this
analysis. A 1-cm? fragment was collected from the middle region of the uterus per animal, with each
treatment comprising 8 fragments. Histological slides were also stained with PAS, and two
photomicrographs were scanned per animal, for 16 samples (8 animals x 2 photomicrographs), which
were analyzed by assigning a score for the degree of branching of the folds of the uterus, as follows:
0 (few secondary folds), 1 (moderate secondary folds), 2 (intense secondary folds), 3 (moderate
secondary and tertiary folds), and 4 (intense secondary folds and tertiary folds), in a modified version
of Ishak’s semiquantitative scoring system [9].

2.7. Statistical Analysis

Statistical software R version 3.5.1 was used for the statistical analysis of the variables for
performance, egg quality, and morphometry of the digestive tract (duodenum) and reproductive
system of laying hens (magnum). Analysis of variance was performed, and regression analysis at 5%
probability was used for the effects of the FTU levels. When significant, the equations were presented,
and quadratic regression equations were derived for estimating the maximum and minimum values
of the levels of phytase supplementation.

Statistical software R version 3.5.1 was used for the analysis of liver glycogen score, hepatic
steatosis, and uterine folds. For this purpose, a multivariate ordinal logistic regression analysis was
performed using a cumulative logit model to estimate the relative probabilities of the scores adapted
for the variables within the FTU supplementation levels in the diets modeled by the multinomial
distribution of the data. The ordinal regression techniques model the cumulative probabilities that a
given response (Y) falls in or below a given category (j) for all possible values of j [10]. When
significant, graphs were generated for visualization of the behavior of the data.

3. Results
3.1. Performance and Egg Quality

Table 2 presents the outcomes for performance and egg quality variables of laying hens aged 44
to 64 weeks. These hens were fed super doses of bacterial phytase (EC 3.1.3.26). Our analysis revealed
a significant impact of the treatments on the following variables: egg weight (P = 0.0166), egg mass (P
=0.0056), feed conversion per egg mass (P =0.0168), % yolk (P = 0.0442), % albumen (P = 0.0078), yolk
color (P =0.0502), specific gravity (P<0.0001), and shell strength (P =0.0249). In all cases, the regression
analysis supported a quadratic model, and the levels of phytase supplementation were estimated by
deriving the corresponding equations. Regarding egg weight, supplementing the diets with 1643
FTU/kg would have resulted in heavier eggs, while a larger egg mass would be achieved with
supplementation of 1450 FTU/kg. Furthermore, a supplementation level of 1250 FTU/kg would have
improved feed conversion per egg mass. For yolk and albumen concentrations, the maximum values
were estimated at 1333 and 1500 FTU/kg, respectively. Additionally, for shell thickness and shell
strength, the optimal levels of phytase supplementation were projected to be 1217 FTU/kg and 750
FTU/kg, respectively. Notably, a supplementation of 1750 FTU/kg would enhance the specific gravity
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of the eggs, whereas 1875 FTU/kg of phytase supplementation would result in eggs with a darker
yolk color.

No significant differences were observed between treatments with varying levels of phytase
supplementation for the following variables: feed intake (P = 0.2062), productivity (P = 0.3793), feed
conversion per dozen eggs (P = 0.5733), percentage of shell (P = 0.6658), Haugh unit (P = 0.5965), and
viability (P = 0.8291) (Table 2).

Table 2. Performance and egg quality of laying hens in the second production cycle when fed diets
containing super doses of phytase.

Treatment FTU CVv P- REGRESSION
0 500 1000 1500 3000
level (%)  values L Q
Feed intake
) 10791 108.44 106.34 107.03 106.89 176 02062 0.1725 0.319
(g/bird/day)

Productivity (%) 89.43 90.07 8999 8939 8775 284 03793 0.0912 0.3114
Egg weight (g)! 6417 6519 6587 66.03 6497 150 0.0166 0.2506 0.0023
Egg mass
(g/bird/day)?

Conversion per

5737 5870 5912 5957 5698 231 0.0056 0.2396 0.0005

1.89 1.86 1.80 1.81 1.87 284 0.0168 0.8243 0.0013

egg mass (kg/kg)?

Conversion per

dozen eggs 1.45 1.44 1.43 1.43 146  3.00 0.5733 04729 0.1676
(kg/dz)

Yolk (%)* 2644 2620 2589 2597 26.61 215 0.0442 0.3407 0.0072
Albumen (%)3 64.17 6436 64.82 6474 64.01 1.02 0.0809 0.481 0.0078
Shell (%) 9.36 9.39 9.27 9.27 935 218 0.6658 0.7425 0.2552
Shell thickness

(um)s 385.33 389.61 391.54 388.64 380.79 194 0.0076 0.1077 0.0311
Shell strength

(kefy’ 3.19 3.39 3.36 33 271 10.69 0.0249 0.0061 0.0296
Yolk color® 6.66 6.78 6.90 6.81 6.71 243 0.0502 0.9823 0.0059
Specific gravity? 1.080 1.083 1.086 1.089 1.080 0.32 <0.0001 0.8956 <0.0001
Haugh unit 81.37 80.89 81.12 81.17 8026 178 0.5965 0.1628 0.6484
Viability (%) 98.43  98.21 100 98.21 97.65 4.16 0.8291 0.6316 0.5733

Regression equation to individual variable: 'Egg weight: y = -0.0000007x2+ 0.0023x + 64.2; R? 0.99; Max: 1643
FTU/kg; 2Egg mass: y = -0.000001x? + 0.0029x + 57.399; R? 0.99; Max 1450 FTU/kg; 3Conversion per egg mass: y =
0.00000004x2 + 0.0001x + 1.8968; R? 0.94; Min 1250 FTU/kg; *% Yolk: y = 0.0000003x2+ 0.0008x + 26.459; R? 0.97;
Min: 1333 FTU/kg; 5% Albumin: y =-0.0000003x2+ 0.0009x + 64.127; R? 0.0093; Max 1500 FTU/kg; °Shell thickness:
y =-0.000003x2+ 0.0073x + 386; R? 0.93 Max 1217 FTU/kg; "Strength: y = -0.0000002x2 + 0.0003x + 3.2277; R2? 0.98;
Max 750 FTU/kg; 8Yolk color: y = -0.00000008x2+ 0.0003x + 6.6756; R? 0.81; Max: 1875 FTU/kg; °*Specific gravity: y
=-0.000000002x2+ 0.00001x + 1.0802; R? 0.99; Max: 1750 FTU/kg.

3.2. Intestinal Morphometry and Reproductive System

Table 3 presents the data from the morphometric analyses of the duodenum of laying hens,
including measurements of crypt depth (CD, pum), villus height (VH, um), villus:crypt ratio (V:C,
um), and epithelium of the magnum (EPM, um).
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Table 3. Morphometry of the duodenum and of the epithelium of the magnum of laying hens at 64
weeks of age fed different levels of phytase.

Treatment Crypt depth Villus height Villus:crypt Epithelium of the
FTU level (um)? (um)? ratio® magnum (pmy)*
0 205.48 1907.65 9.78 23.75
500 168.94 1886.33 11.85 28.27
1000 154.70 1627.82 11.85 30.27
1500 149.92 1506.95 10.63 32.28
3000 208.34 1830.22 9.19 40.60
CV (%) 25.73 17.29 32.50 25.00
P-values <0.0001 <0.0001 <0.0001 <0.0001
L 0.0516 0.0223 0.0046 <0.0001
REGRESSION
<0.0001 <0.0001 <0.0001 0.7958

Regression equation to individual variable: 'Crypt depth: y = 0.00003x2 - 0.0752x + 203.66; R? 99; Min: 1253
FTU/kg; 2Villus height: y = 0.0001x? - 0.486x + 1973.3; R? 0.82; Min: 2430 FTU/kg; 3Villus:crypt ratio: y = -
0.0000008x2+ 0.0019x + 10.307; R? 0.70; Max: 1188 FTU/kg; “Epithelium of the magnum: 0.0054x + 24.599; R? 0.99.

A quadratic effect was observed for the levels of FTU supplementation on the duodenal
morphometric variables of laying hens in the second production cycle (P < 0.0001). A
supplementation level of 1253 FTU/kg is estimated to be sufficient for achieving a lower CD (um).
For a higher V:C (um) ratio, the ideal supplementation level is 1888 FTU/kg.

No morphological differences were observed in the folds of the magnum among the different
treatments, as the maturation stage of its glands did not differ. However, changes in the thickness of
the magnum epithelium were observed (Figure 1). A linear trend was observed for the effect of
phytase supplementation levels on the morphometric variable of the magnum’s epithelium, with
higher levels of FTU supplementation corresponding to higher EPM (um).

Figure 1. Photomicrographs of the epithelium of the magnum of 64-week-old laying hens fed different
levels of FTU in the diets. A: 0 FTU; B: 500 FTU; C: 1000 FTU; D: 1500 FTU; E: 3000 FTU. The black
bars show the thickness of the epithelium of the magnum in the different treatments. Periodic acid
Schiff staining.

Figure 1 shows the thickness of the epithelium of the laying hens in the second production cycle
fed super doses of the phytase. The higher the FTU level was in the diets, the greater the thickness of
the magnum.

In relation to the hepatic steatosis score variable, an inverse correlation was observed between
the occurrence of a steatosis score of 0 (indicating no presence of steatosis) and the levels of FTU in
the diet. Specifically, as the levels of phytase increased, the birds exhibited an emergence of
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cytoplasmic lipid vacuoles in their hepatocytes. Furthermore, it was found that a higher probability
of occurrence of grade 1 steatosis, characterized by mild steatosis, was associated with higher FTU
levels. Notably, no instances of advanced steatosis (score 3) were reported for the animals (refer to

Figure 2).
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Figure 2. Hepatic steatosis score of 64-week-old laying hens fed different levels of FTU in the diets.
Score: 0 (no steatosis), 1 (mild steatosis), 2 (moderate steatosis), and 3 (advanced steatosis).

The presence of a larger number of cytoplasmic lipid vacuoles in the hepatocytes, characterized
by a score of 1, was more evident in the animals fed 1500 FTU in the diets (Figure 3).

Figure 3. Photomicrographs of the liver of 64-week-old laying hens fed different levels of FTU in the
diets. A: 0 FTU; B: 500 FTU; C: 1000 FTU; D: 1500 FTU; E: 3000 FTU. Periodic acid Schiff staining.

Figure 4 depicts the analysis of liver glycogen concentration in laying hens fed elevated doses of
bacterial phytase. The graph illustrates a linear trend in the results, indicating that as the FTU levels
in the experimental diets increased, there was a corresponding increase in glycogen concentration.
Consequently, the likelihood of observing scores 0 and 1, which indicate absence and low glycogen
positivity, respectively, decreased.
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Figure 4. Liver glycogen concentration in 64-week-old laying hens fed different levels of FTU in the
diets. *0 (no positivity), 1 (little positivity), 2 (moderate positivity), and 3 (intense positivity).

Figure 5 exhibits a linear relationship between the levels of phytase supplementation and the
evaluation scores of uterine folds in the reproductive system of laying hens during the second
production cycle. The absence of phytase supplementation in the diets was linked to a higher
likelihood of regular secondary folds (score 2) occurring. As the levels of FTU increased in the diets,

this probability decreased.
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Figure 5. Evaluation of the score of uterine folds of 64-week-old laying hens fed different levels of
FTU in the diets. Few folds—1, moderate secondary folds—2, moderate secondary and tertiary

folds—3, intense tertiary folds—4.

Supplementing the diets with high doses of phytase, specifically 1500 and 3000 FTU/kg, resulted
inan increase in the occurrence of moderate secondary and tertiary folds (score 3) as well as intense
tertiary folds (score 4) in the birds” uterus.

The analysis of the photomicrographs of the uterus of the laying hens (Figure 6) provided further
clarification for the results obtained in the statistical analysis conducted on the scores of the uterine
folds. Image “A” (T1—0 FTU) clearly illustrates the number of folds present in the uterus of these
animals. Moreover, there is a noticeable increase in the number of folds as depicted in image “B”
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(T2—500 FTU) and image “C” (T3—1000 FTU). Images “D” (T4—1500 FTU) and “E” (T5—3000 FTU)
correspond to scores of 3 and 4, respectively, indicating a higher number of uterine folds.

b
Figure 6. - Photomicrographs of the uterine folds of 64-week-old laying hens fed different levels of

FTU in the diets. A: 0 FTU; B: 500 FTU; C: 1000 FTU; D: 1500 FTU; E: 3000 FTU. Periodic acid Schiff
staining.

4. Discussion

The aim of this study was to assess the effect of supplementing the diet of laying hens during
the second production cycle (44 to 64 weeks) with exogenous phytase super dosing. The underlying
hypothesis for this investigation was that phytase facilitates the hydrolysis of phytic acid molecules,
thereby enhancing the digestibility and bioavailability of minerals, amino acids, and energy.
Furthermore, it was postulated that phytase supplementation contributes to the development of the
birds’ digestive tract and positively impacts the reproductive system of laying hens, ultimately
improving their overall productive performance.

The utilization of phytase as a supplement in poultry diets is intended to liberate phosphorus
from phytate molecules, as well as counteracting the negative effects on nutrient digestion and
absorption caused by the presence of phytic acid. To achieve these supplementary effects, it is
recommended to administer a high dosage of phytase. On average, a supplementation level of 1500
FTU/kg in diets comprised of maize and soybean meal has been shown to enhance the performance
and egg quality of hens during the second production cycle.

Several factors analyzed in this study elucidate the mechanisms through which the excessive
administration of phytase can positively influence the zootechnical performance of laying hens. One
crucial aspect that may impact animal performance and nutrient utilization is the intestinal
morphometry of the animals [11]. The findings of the present investigation reveal a higher
villus:crypt ratio, suggesting an enhancement in the digestive tract of the hens due to phytase super
dosing. This improvement in gut health is likely attributed to the inhibition of phytate activity.

In the study conducted by Giiler et al. [12], it was noted that na overdose bacterial phytase (EC
3.1.3.26) supplementation in layer diets led to favorable modifications in intestinal morphology.
Particularly, there was an augmentation in villi height, mucosa thickness, and subsequently, the
surface area available for absorption.

A higher ratio of villi to crypts, which is characterized by shorter crypts and longer villi, is
indicative of reducedcell proliferation. This decrease in protein turnover in the intestinal epithelium
results in a decrease in the animal’s maintenance energy requirements, enabling energy allocation for
production and serving as an indicator of improved intestinal health. This histomorphometry
variable is directly associated with production data as it plays a crucial role in the digestion and
absorption of nutrients necessary for the animals’ energy metabolism [13]. This, in turn, is reflected
in the production and egg quality of laying hens.
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Animals that receive an average supplementation of 1500 FTU/kg in their diets exhibit enhanced
yolk and albumen production, leading to increased final egg weight. These findings hold significance
in the analysis of productive efficiency, as they indicate that the animals do not need to consume
larger quantities of feed in order to produce heavier eggs. The incorporation of phytase into the diets
offers this advantageous effect, resulting in improved feed conversion per egg mass.

The increase in egg weight resulting from the addition of exogenous enzymes can be attributed
to the hydrolysis of phytate. When phytate is present in the diet, it forms complexes with nutrients,
rendering phosphorus unavailable and potentially interfering with the availability of amino acids.
This can have a detrimental effect on animal performance, as phytate acts as an antinutritional factor
[14]. However, the inclusion of phytase in excessive amounts leads to the efficient breakdown of
phytic acid molecules. This is evidenced by the enhanced productive performance of the birds as
phytase supplementation levels in the diets increase. Therefore, the activity of the enzyme is
constrained by the presence of the substrate (phytate). This explains the quadratic effect observed for
the variables being discussed, as the enzyme activity is limited to the quantity of phytic acid present
in the diets.

The mechanism of action of the enzyme, which catalyzes the release of phosphorus from the
phytate molecule, has been elucidated in previous studies [15-17]. This mechanism leads to an
increasedconcentration of circulating phosphorus in the animal’s body. The enhanced availability of
this mineral directly impacts the production of eggs in laying hens, as phosphorus is involved in the
synthesis of albumin found in the egg white, and is also stored in the yolk as phospholipids and
phosphoprotein. This process is supported by the higher concentrations of albumen and yolk
observed in the eggs of hens supplemented with phytase.

Regarding the deposition of albumen in eggs, there were no significant differences observed
between the treatments for the folds in the magnum and the number of more active albumen cells,
which could potentially explain a higher capacity for albumen production [18]. However, there was
a noticeable linear effect on the thickness of the magnum epithelium, meaning thatas the levels of
FTU increased in the diets, the epithelium became thicker. This variable can be interpreted as an
indication of enhanced efficiency in the egg formation process, specifically in the albumen deposition
process, which reduces the time required for egg production and the duration spent in the magnum.
This determination is based on the fact that this particular epithelium produces mucus and is ciliated,
both of which contribute to an increased rate of albumen passage and consequently expedite egg
production. The thicker the epithelium, the greater the mucus production and the faster the rate of
albumen passage.

Another analyzed variable that is influenced by a higher deposition of egg components,
particularly the yolk, is the presence of hepatic steatosis. The appearance of cytoplasmic lipid
vacuoles in the hepatocytes is directly linked to the synthesis of estrogen, a hormone that plays a
crucial role in avian ovulation [19]. In this context, a steatosis score of 1 was more likely to occur when
the birds were fed diets containing 1500 FTU. It has been suggested that the increased fat content in
the liver may also be attributed to the heightened synthesis of estrogen in the ovary, which occurs at
the expense of high rates of egg production in this phase [20]. During the egg laying phase, when all
organs and systems are fully developed, the surplus of liver glycogen, previously utilized as an
energy substrate during growth phases, starts to accumulate in the liver. It is then used for enhanced
estrogen production, ultimately leading to an increase in egg production.

Some challenges related to the production of a higher proportion of egg yolk and albumen may
arise in the context of eggshell formation and breaking strength. However, the inclusion of phytase
in the diets of laying hens has been found to result in eggs with thicker and stronger shells. The
calcification process of the eggshell is closely linked to calcium and phosphorus metabolism and is
influenced by the development of the uterus, which serves as the location for the entire eggshell
formation process [21].

In this particular study, the treatments applied to the laying hens wereobserved to have a
significant impact on the histological structure of the uterus. These findings are consistent with
previous research that has established a connection between eggshell thickness and strength.
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Specifically, it was determined that diets containing approximately 1217 and 750 FTU/kg of phytase,
for corn-based and soybean meal-based diets respectively, would yield eggs with thicker and
stronger shells. Examination of the uterine folds revealed that as the level of phytase supplementation
increased, this reproductive compartment experienced greater development. In other words, higher
levels of FTU in the diets were associated with an increased number of uterine folds.

The presence of uterine folds demonstrates the uterus’s ability to deposit calcium carbonate
during eggshell formation, thereby expediting the process. Hence, the administration of an excessive
amount of phytase in the diets of laying hens promotes enhanceddevelopment of the uterus, leading
to more efficient deposition of calcium salts in the eggshell. As a result, the eggshell becomes thicker
and, consequently, stronger.

In addition to its effects on eggshell thickness, the overdosing of phytase also influences the
specific gravity of the eggs, with a quadratic relationship between the levels of supplementation.
Inclusion of 1750 FTU/kg of phytase in the diets was found to result in eggs with higher specific
gravity. It is worth noting that the specific gravity of eggs is directly influenced by the thickness of
the eggshell [22], meaning that as eggshell thickness increases, so does specific gravity. Thus, the
overdosing of phytase has a direct impact on the deposition of calcium in the eggshells, resulting in
increased shell thickness and improved egg quality.The yolk color was influenced by the addition of
phytase, and a quadratic effect was observed for this parameter. Consequently, it is predicted that
the inclusion of 1875 FTU/kg of phytase in the diets would result in eggs with darker yolks. The color
of the yolk is attributed to the presence of carotenoids in the bird’s diet. Since these animals are unable
to synthesize these compounds, they must be obtained through dietary absorption [23,24]. In a study
conducted by [6], higher levels of carotenoids were found in the liver of broilers fed increasing
amounts of phytase. These findings may explain the darker egg colors observed in the present study
following supplementation with high doses of phytase. It is plausible that a greater absorption of
carotenoids occurred, which were then stored in the liver and subsequently transferred to the ovary,
ultimately influencing yolk color.

In addition to affecting yolk color, it is evident that super dosing with phytase has a substantial
impact on the overallenergy metabolism of the bird. Enhanced phytate hydrolysis can improve
animal performance and enhance nutrient utilization efficiency, thereby increasing production
efficiency for poultry farmers [25]. The present study corroborates these findings, highlighting
improvements in the energy metabolism of the bird when evaluatingliver glycogen reserves, with
higher reserves observed when phytase supplementation levels were increased. Liver glycogen
serves as the primary energy reserve for animalsand is primarily utilized to maintain glucose
homeostasis. However, in order for glucose to be stored in the liver, metabolic processes must be
balanced. The presence of phytate in the diet disrupts this balance, particularly impacting sodium
excretion [14]. Giventhe strong relationship between phytate and metabolism, it is imperative to
neutralize the effects of phytate and reduce sodium excretion.

One of the detrimental consequences of increased sodium excretion is the impairment of the
sodium and potassium pump’s functionality. A study by [26] demonstrated a decrease in sodium
pump activity when animals were fed a diet containing phytic acid, as evidenced by measurements
of blood glucose levels. Conversely, a study by [27] showed an increase in sodium pump and glucose
concentrations in the enterocytes of the duodenum and jejunum in chickens fed diets supplemented
with exogenous phytase. Accordingly, [28] proposed that the presence of phytate hampers glucose
absorption by affecting the functionality of the sodium and potassium pump.Phytase was found to
enhance sodium (Na) retention and significantly improve the digestibility of 16 amino acids in the
proximal jejunum of avian species [29]. The authors proposed that increased Na retention could
positively impact amino acid digestion and glucose absorption, and this hypothesis was supported
by [30], which confirmed higher sodium reabsorption in the small intestine when phytase was
included in the diets. This subsequent increase in available sodium facilitated nutrient co-transport
through the sodium pump.

Consequently, the administration of a higher dosage of phytase resulted in enhanced glucose
absorption by the animals, which was then stored as liver glycogen. The accumulation of glycogen
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suggests a heightened effectiveness of the sodium and potassium pump in erythrocytes. However,
due to the lack of evaluation regarding the functionality of the sodium and potassium pump, as well
as sodium excretion, further investigations are necessary to establish a definitive connection between
phytase super dosing and increased liver glycogen reserves in laying hens during their second
production cycle.

5. Conclusions

For optimal performance and egg quality, it is recommended to provide laying hens with corn
and soybean meal-based diets supplemented with 1500 FTU/kg of bacterial phytase during the 44 to
64 weeks of their production cycle.
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