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Abstract: To evaluate the effect of exogenous phytase (Ronozyme HiPhos-L, produced by the strain
of Aspergillus oryzae), 1050 one-day-old Ross-308 broilers with an initial average body weight of
50.29 + 0.98 g were randomly assigned to one of seven dietary treatments with 10 replicates and
15 chicks/cage. During starter (d 1-7), grower (d 8-21), and finisher (d 21-35) periods, broilers were
allowed to feed: positive control (PC), negative control (NC), and NC diet supplemented with 250,
500, 1000, 1500, and 3000 U/kg of phytase. Broilers fed NC diet supplemented with graded levels of
phytase (250 U/kg to 3000 U/kg) showed a linear increase (p < 0.05) in body weight gain and feed
intake during the starter and the overall trial period with no adverse effect on feed conversion ratio.
The nutrient utilization of broilers showed neither an increase nor a decrease with the PC and NC
diet until d 35 but when the NC diet was supplemented with a graded dose of phytase, the broilers
showed a linear increase (p < 0.05) in dry matter, gross energy, calcium (Ca), ash, and phosphorus
(P) utilization and a tendency to increase (p < 0.10) nitrogen retention at the end of the starter phase.
Unlike the starter phase, broilers fed the PC diet showed increased (p < 0.05) ash and Ca retention at

check for the end of the grower and finisher phase compared to those fed the NC diet. In addition, the phytase
updates group showed a linear increase (p < 0.05) in ash, Ca, and P utilization at the end of d 21 and 35.
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and drip loss. Though the standard diets were able to compensate for the P deficiency and promote
performance and bone mineralization, the elevated (1000 FTU/kg) levels of phytase in the NC diet
showed a higher response. Thus, we suggest that incorporating the exogenous enzyme phytase into
the broiler feed in excess of 1000 units (U)/kg would be more beneficial to achieve better productivity.

Keywords: phytase; broilers; growth performance; foot pad; bone mineralization

1. Introduction

Poultry feed mainly consists of plant-based elements; specifically, corn and soybeans
became staple feed ingredients in animal diets that possess 50-70% of the total phospho-
rous (P) in the form of phytate [1]. Hence, the cost of these kinds of feedstuff often hikes,

especially during the off-season. In addition, the global demand for poultry products has
been increasing over the past few decades [2]. According to the Food and Agriculture
Organization of the United Nations, global poultry meat production has grown by four
percent per year and was expected to reach 14.2 million metric tons in 2021 [3]. Concur-
rently, global egg production has increased from 57 million metric tons in 2000 to over
82 million metric tons in 2021 [4]. In 2006, the European Commission prohibited the use of
certain antibiotic growth promoters (AGPs) (sodium, monensin, avilamycin, salinomycin
40/). sodium, and flavophospholipol) in livestock diets [5]. The mounting feed prices of raw
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materials, growing demand for poultry meat, and the prohibition of synthetic feed addi-
tives provoked the researchers to find other nutritious feed ingredients that could maintain
health status and increase livestock productivity [6]. As a result, organic acids, enzymes,
probiotics, prebiotics, phytobiotic stimulants, and some herbs were found as alternatives,
and these additives were proven to be organic, antibiotic residue-free, and less hazardous
for livestock [7].

Phytase, an enzyme that initiates the removal of phosphate from phytic acid [8],
has been extensively used in animal diets. It is generally dispersed in microorganisms,
plants, and animals and phytase is used in animal diets for its anti-nutritional effects
on phytate in reducing environmental pollution and increasing the availability of starch,
protein, amino acids, calcium, and phosphorous (P). Such P sources represent the third most
expensive component in poultry diets after energy and amino acids [9]. Also, it becomes
an essential mineral for the growth and development of livestock [10]. The anti-nutritional
properties associated with phytate can interfere with nutrient digestion and adversely
affect poultry performance by increasing endogenous losses, as well as forming insoluble
complexes through mineral chelation and nutrient binding [11]. Previously, several studies
demonstrated that dietary phytase had increased the growth performance of broilers. For
instance, Yi et al. [12] reported that microbial phytase inclusion had significantly increased
the P availability and decreased P excretion in broilers. Similarly, Woyengo et al. [13]
stated that the inclusion of phytase supplements had increased bone mineralization and P
retention in broilers. Likewise, Zyla et al. [14] noted that broilers fed a wheat-based diet
that was supplemented with 750 phytase U/kg significantly increased their body weight
gain, daily feed intake, and P retention. However, Cowieson et al. [15] reported that the
use of high doses of phytase (>1000 U/kg of diet) could improve nutrient availability
in poultry diets compared to the diets containing lower (<1000 U/kg) phytase activities.
Abbasi et al. [16] showed that adding a low dose of phytase significantly increased animal
performance and reduced environmental P pollution. Though this practice is common in
livestock farming, Coweison et al. [17] stated that super-dosing, i.e., adding >1500 FTU/kg
phytase could be a new opportunity for poultry producers to reduce raw ingredient costs.
From this, we hypothesized that feeding broilers with phytase exceeding 1000 FTU/kg or
greater might be beneficial for improving their growth performance, nutrient retention,
and bone mineralization compared with a lower phytase supplement. Thus, we aimed to
examine the supplemental effect of exogenous phytase on the performance of the broiler at
doses from 250 to 3000 U/kg feed.

2. Materials and Methods

The animal care procedures implemented in this study were approved (Approval No.
DK-1-2210) by the Institutional Animal Care and Use Committee (IACUC) of Dankook
University (Republic of Korea).

2.1. Birds and Husbandry Management

Prior to the trial, rearing cages and equipment were sterilized with Roxycide™ powder.
A total of 1050 one-day-old Ross-308 broilers (mixed sex) with an initial average weight
of 50.29 + 0.98 g were obtained from Cherry-Buro, a commercial hatchery (Cheonan,
Republic of Korea), and raised at “Dankook University Poultry Experimental Farm” in
thermostatically controlled three-layer cages with 20 h of fluorescent lighting. During
the first week, the temperature of the cages was maintained at 28 to 30 °C, and slowly it
was decreased to 26 to 27 °C. Sixty percent humidity was maintained until day 35. The
elimination of noxious gases was aided by cross-ventilation, and hygiene management was
implemented throughout the trial.

2.2. Experimental Diet

The feeding program consists of 3 phases: starter (1-7 days), grower (8-21 days),
and finisher (22-35 days). The broilers were randomly allotted to one of seven dietary
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treatments with 10 replications/treatment and 15 chicks/cage, and the dietary treatments
were as follows: (a) positive control (PC)—a basal diet prepared in a single batch with
available P at 0.48% (starter), 0.44% (grower), and 0.41% (finisher); and (b) negative control
(NC) diet prepared with reduced P at 0.33% (starter), 0.29% (grower), and 0.26% (finisher).
Appropriate quantities of the NC diet were collected and stored in huge feeder bags for
the other five groups and mixed with different concentrations (250, 500, 1000, 1500, and
3000 U/kg) of phytase (Ronozyme HiPhos-L, produced by the strain of Aspergillus oryzae),
which was commercially prepared under the name of “Growin Act” and obtained from
CJ Cheil-Jedang Corporation (Seoul, Republic of Korea). The composition and calculated
nutrient provision of the basal diets (mash form) are illustrated in Table 1 [18]. The feeder
trough and a suspended nipple drinker were fixed at the corners of each cage which
allowed chicks to have free access to the feed and water until the end of the experiment.

Table 1. Feed composition of broiler (as fed-basis).

Starter (1-7 Days)

Grower (8-21 Days)

Finisher (22-35 Days)

Item
PC NC PC NC PC NC
Ingredients (%)
Corn 47.36 48.90 49.77 51.33 54.85 56.36
Soybean meal 29.36 29.10 25.91 25.65 23.05 22.80
Corn gluten meal 13.00 13.00 13.00 13.00 10.00 10.00
Wheat bran 3.00 3.00 3.00 3.00 3.00 3.00
Soy-Oil 3.39 2.86 4.57 4.04 5.57 5.05
MDCP ! 1.65 0.84 1.50 0.65 1.37 0.55
Limestone 1.01 1.07 1.07 1.15 1.00 1.08
Salt 0.36 0.36 0.36 0.36 0.36 0.36
Methionine (99%) 0.19 0.19 0.19 0.19 0.19 0.19
Lysine 0.48 0.48 0.43 0.43 0.41 041
Mineral mix 2 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin mix 3 0.10 0.10 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00 100.00 100.00
Nutritional characteristic
Crude protein, % 21.00 21.00 19.50 19.50 18.00 18.00
Calcium, % 0.90 0.75 0.88 0.73 0.82 0.67
Phosphorus, % 0.76 0.61 0.71 0.56 0.66 0.51
Available P, % 0.48 0.33 0.44 0.29 0.41 0.26
dig Lys, % 1.28 1.27 1.15 1.15 1.06 1.05
dig Met, % 0.50 0.50 0.48 0.48 0.46 0.47
dig Ile, % 0.80 0.80 0.74 0.73 0.67 0.67
dig Leu, % 1.68 1.69 1.59 1.59 1.48 1.49
dig Val, % 0.89 0.89 0.82 0.82 0.75 0.75
dig Arg, % 1.26 1.26 1.16 1.15 1.05 1.05
dig Thr, % 0.64 0.64 0.60 0.60 0.51 0.54
dig Trp, % 0.23 0.22 0.20 0.20 0.18 0.18
ME, kcal/kg 3000.00 3000.00 3100.00 3100.00 3200.00 3200.00

1 MDCP-mono-dicalcium phosphate; 2 Provided per kg of complete diet: 37.5 mg zinc (as ZnSOy); 37.5 mg
manganese (as manganese dioxide); 37.5 mg iron (as ferrous sulfate); 3.75 mg Cu (as copper sulfate pentahydrate);
0.83 mg iodine (as potassium iodide); and 0.23 mg selenium (as sodium selenite pentahydrate). 3 Provided per kg
of complete diet: 15,000 IU of vitamin A, 3750 IU of vitamin Dj, 37.5 IU of vitamin E, 2.55 mg of vitamin K3, 3 mg
of thiamin, 7.5 mg of riboflavin, 4.5 mg of vitamin Bg, 24 ug of vitamin By, 51 mg of niacin, 1.5 mg of folic acid,
0.2 mg of biotin and 13.5 mg of Ca-pantothenate.

2.3. Sample Collection and Laboratory Analysis
Growth Measurements

At the end of days 7, 21, 35, and the overall feeding period, all birds (cage basis) were
weighed and feed offered, and those that remained in the feeders were recorded to deter-
mine body weight gain (BWG), feed intake (FI), and feed conversion ratio
(FCR = FI/BWG). Overall, mortality was also calculated.
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2.4. Nutrient Retention

Seven days prior to excreta collection (day 7, 21, and 35) chromic oxide (0.5%), as
an indigestible marker, was added to the chicks” diet to measure nutrient digestibility
(ND). Immediately after mixing the marker, representative feed samples were collected
in sterilized plastic bags from each treatment group and stored for further analysis. On
days 7, 21, and 35, approximately 100 g of fresh excreta samples were randomly collected
from 5 replicate cages/treatment using a stainless-steel collection tray and mixed evenly.
Then, excreta samples were transported to the laboratory and stored at —20 °C to examine
the nutrient retention, nitrogen (N), gross energy (GE), Ca, P, and ash of the dry matter
(DM). The excreta specimens were placed in a hot air-drying convection oven at 105 °C
for 32 h. Then, the samples were ground to pass the 1 mm sieve mesh. The DM and
chromium absorption, GE, and N analysis were carried out following the detailed method of
Sampath et al. [19]. The apparent nutrient digestibility (AND) was calculated using: AND
(%) = 100 — [(Nutrient concentration in the excreta sample/nutrient concentration in
the diet x chromium concentration in the diet/chromium concentration in the excreta
sample x 100]. Ca and P retention were determined following the methods of AOAC [20].
Ash retention was determined with the following equation: ash % = ash weight (wg)
(g)/dried wg (g) x 100 [21].

2.5. Cecal Score

The cecal specimens were scraped from each replicate cage using the collection tray and
kept on blank paper. Later, cecal assessment (visually) was performed by two independent
trainees following the Hu et al. [22] scoring criteria: Score 1: dry and firm cecal; Score 2:
mostly dried cecal; Score 3: moist cecal; Score 4: wet and loose cecal; and Score 5: extreme
wet cecal. The daily average was summed to calculate the mean score for each treatment
period (0 to 7 days, 8 to 21 days, and 22 to 35 days).

2.6. Meat Quality

On day 35, 10 birds/treatment were randomly picked and sacrificed by intravenous
injection of pentobarbital with cervical dislocation. Then, the breast meat, liver, spleen,
abdominal fat, kidney, bursa of Fabricius, and gizzard were removed carefully and weighed
to calculate relative organ weight (g/kg) = organ wg (g)/live BW (kg). Within 20 min,
the breast meat was taken to the laboratory for further analysis. Meat quality traits, like
breast muscle color, pH, cooking loss, water-holding capacity (WHC), and drip loss, were
analyzed following the methods described by Sampath et al. [19].

2.7. Footpad Lesion Score

Following meat quality, the incidence and severity of footpad lesion infection (left
and right toe) were measured at the end of the experiment using the scoring method:
(1) Score 0, no lesions; (2) Score 1, lesions cover < 25% of the footpad; (3) Score 2, lesions in
wide areas covering 25% to 50% of the footpad; Score 3, >50% lesion on the footpads. This
scoring evaluation was performed on both feet by two independent observers with the
above-mentioned broiler specimens, and the average score was used for statistical analyses.

2.8. Tibia Bone Mineralization

The tibia (left) was separated from 10 broilers/treatment (slaughtered) and soaked in
hexane for 48 h to remove the fat. Then, they were dried at 100 °C to reach constant weight
and ashed in a muffle furnace at 550 °C. The percentage of ash in the defatted tibia and the
Ca and P content were measured according to AOAC [20].

2.9. Statistical Analysis

Experimental data (growth performance, nutrient retention, and meat quality) were
analyzed via the general linear model procedure of SAS Institute 2004 in a completely
randomized design. For growth performance, nutrient digestibility, and cecal score, the
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cage served as an experimental unit, whereas for the meat quality, the tibia bone ash and
foot pad lesion score for individual birds served as the experimental unit. Treatment means
were separated using Duncan’s multiple range test, and the impact of dietary phytase was
calculated using an orthogonal polynomial contrast test for linear and quadratic effects.
The tibia bone statistics were analyzed using the Shapiro-Wilk test. The significance was
set as p < 0.05 and trends were set to <0.10, respectively.

3. Result and Discussion

The hypothesis for this study was aimed to investigate whether enhancing the broilers’
diets with various levels of phytase (ranging from 250 to 3000 U/kg of feed) could lead
to improvements in their growth performance, nutrient utilization, Ca and P retention,
meat quality, and foot pad score when compared to those fed standard PC and NC diets.
Our anticipation has been partially confirmed by the present outcome in which broilers
fed the NC diet supplemented with graded levels of phytase (250 u/kg to 3000 u/kg) had
a linear improvement (p < 0.05) in BWG and FI during the starter phase and overall trial
period. Also, during the overall trial period, the daily feed intake of the broilers tended
(p < 0.10) to increase linearly with phytase supplementation in the NC diet. However,
there was no significant difference observed in the growth performance during the grower
and finisher stages; in particular, the FCR remained constant throughout the trial (Ta-
ble 2). The current finding agreed with Onyango et al. [23] and Bahadoran et al. [24]
who noted no improvements in the feed efficacy of the broilers fed dietary phytase. Yet,
Dos Santos et al. [25] found significant improvement in the feed efficacy of broilers with
phytase supplementation. The reason for the increased BWG observed in chickens fed
phytase, which is associated with improved feed intake, might be due to the utilization
of P from the phytate-mineral complex [26] or due to the overall utilization of nutrients.
Previously, Bavaresco et al. [27] stated that the inclusion of 1000 U/kg had significantly in-
creased the FCR in birds, which is not in agreement with the present findings. We supposed
that the reason for this contradiction in the FCR responses in birds might be due to their
genetics, housing, environmental conditions, sources of phytase, or processing methods.

Table 2. The effect of phytase supplementation on the growth performance of broiler.

NC + Ph kg) in Diet -Val

Items pC ytase (U/kg) e SEM? PC vs. p-Value

250 500 1000 1500 3000 NC Linear  Quadratic Cubic
dlto7
BWG, g 153 b 147° 151 @b 149 ab 159 2 158 ab 160 4 0.188 0.011 0.206 0.162
FI, g 182 179 181 181 188 186 189 3 0.556 0.023 0.475 0.345
FCR 1.190 1.219 1.202 1.218 1.182 1.186 1.180 0.021 0.388 0.303 0.367 0.405
d8to21
BWG, g 647 626 633 627 654 651 655 10 0.203 0.173 0.116 0.111
Fl, g 874 851 857 853 882 880 883 14 0.179 0.143 0.219 0.176
FCR 1.354 1.364 1.360 1.362 1.350 1.353 1.349 0.024 0.806 0.724 0.774 0.780
d22t035
BWG, g 977 954 960 956 984 981 985 19 0.431 0.308 0.359 0.347
FL g 1819 1786 1793 1790 1827 1825 1831 26 0.379 0.285 0.330 0.344
FCR 1.865 1.876 1.874 1.875 1.862 1.863 1.861 0.032 0.788 0.761 0.786 0.782
Overall
BWG, g 1778 @b 1727° 1744 @b 1732 1798 2 1790 20 18012 20 0.138 0.024 0.166 0.161
Fl, g 2876 2816 2832 2824 2896 2892 2903 31 0.188 0.078 0.154 0.140
FCR 1.618 1.633 1.625 1.632 1.613 1.617 1.613 0.018 0.627 0.547 0.618 0.629
Mortality (%) 7.33 8.00 7.33 8.00 5.33 6.00 5.33 - - - -

Abbreviation: positive control (PC), negative control (NC), NC + phytase—NC supplemented with graded level
of phytase. ! Standard error of means. *® means in the same row with different superscript denotes significant
p < 0.05, and the trend was set to <0.10.

The nutrient utilization of broilers showed neither an increase nor a decrease with the
PC and NC diet until d 35 but when the NC diet was supplemented with a graded dose of
phytase, it showed a linear increase (p < 0.05) in the DM, GE, Ca, ash, and P digestibility,
and a tendency to increase (p < 0.10) the N digestibility at the end of the starter phase.
Unlike the starter phase, broilers fed the PC diet had significantly increased (p < 0.05)
ash and Ca digestibility at the end of the grower and finisher phase compared to those
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fed the NC diet. In addition, broilers fed the NC diet supplemented with a graded level
of phytase showed a linear increase (p < 0.05) in the ash, Ca, and P digestibility at the
end of d 21 and 35. Furthermore, the nutrient digestibility of GE linearly increased at the
end of d 35 (Table 3). The current finding was correlated with Silversides et al. [28] who
noted an increased Ca digestibility in broilers when phytase was added to their diets that
contained reduced non-phytase P and Ca concentrations. Previously, Ravindran et al. [29]
reported that dietary phytase had positive effects on DM digestibility by releasing certain
organic nutrients. A study by Cowieson et al. [17] demonstrated that supplemental phytase
beyond 1200 FTU/kg had improved P retention and N and P digestibility in broilers
compared to lower doses, which agrees with the current finding. The interaction of phytic
acid with proteins forms phytate-protein complexes and is insoluble and less susceptible
to attack by proteolytic enzymes than incomplete proteins [30]. It should be noted that
the improvements seen here were obtained despite the fact that diets were formulated
to be nutritionally identical to PC, except for the available P. Hence, if the NC diet had
been designed to account for improvements in the nutritional status caused by phytase
supplementation, it is reasonable to presume that improvements in nutrient utilization and
growth performance would have been better with the inclusion of phytase concentration at
above 500 U/kg.

Table 3. The effect of phytase supplementation on the nutrient utilization in broiler.

Ttems, % PC NC NC + Phytase (U/kg) in Diet SEM ! PC vs. p-Value

250 500 1000 1500 3000 NC Linear ~ Quadratic  Cubic
d7
DM 70.76 69.01 70.62 70.58 72.39 71.80 72.54 1.18 0.333 0.054 0.646 0.357
N 68.83 67.22 68.53 68.42 69.86 69.84 70.50 1.17 0.372 0.072 0.479 0.438
GE 69.66 68.17 69.59 69.53 70.88 70.77 71.56 1.17 0.355 0.059 0.553 0.499
Ca 41.69° 41.75° 42272 42434 42782 42.882 43,092 0.94 0.197 0.004 0.911 0.166
P 38522 38.68 P 39.212 39.342 39.842 39.992 40.072 0.98 0.265 0.009 0.868 0.155
Ash 41322 41.63° 42172 42467 42874 42902 43.06° 0.99 0.399 0.004 0.745 0.111
d21
DM 77.322 72.19° 77.41° 78102 77.752 77.822 77.102 0.67 0.094 0.151 0.658 0.393
N 75.10 71.03° 75.98 a 75.46 75.13 ab 75.862 75.89 2 0.71 0.178 0.156 0.988 0.393
GE 76.29 @b 72.35 ¢ 76.40 78922 76.39 b 76.83 3 76.73 % 0.68 0.601 0.108 0.414 0.171
Ca 43,0542 37.80° 41.232 42244 42,632 42452 4352 0.70 0.020 0.051 0.190 0.107
P 39.96 2 35.77°b 35.99 b 36.79 36.94 b 37.88 38.94 2 0.79 0.187 0.006 0.715 0.131
Ash 41.324b 38.87P 42444 43,012 42542 42922 42742 0.80 0.012 0.068 0.487 0.287
d3s
DM 75352 70.03 b 75.44 2 76.122 75.54 2 75.55 2 75.50 2 0.69 0.438 0.129 0.808 0.122
N 72.00 69.10 72.77 73.03 72.84 72.75 70.48 0.69 0.330 0.185 0.592 0.309
GE 75.20 b 7191¢ 75.35 ab 76.90 2 75.85 2 76.54 % 76.28 @b 0.66 0.688 0.024 0.701 0.124
Ca 42802 37.78° 41.232 43284 42482 42,042 42,632 1.17 0.041 0.031 0.665 0.185
P 39.454 36.05° 39.842 40.124 39.812 39.152 40474 1.27 0.078 0.008 0.980 0.396
Ash 41574 36.59 b 41.032 42,0542 41532 41.992 41.732 1.25 0.025 0.044 0.953 0.555

Abbreviation: positive control (PC), negative control (NC), NC + phytase—NC supplemented with graded level
of phytase. DM-dry matter, N—nitrogen, GE—gross energy, Ca—calcium, P—phosphorus. ! Standard error

of means ¢ means in the same row with different superscript denotes significant p < 0.05 and trend was set
to <0.10.

Chicken feet are edible in the Asian market; thus, the quality for export of the product
always depends on the absence of lesions. Such a footpad infection is common in backyard
flocks and in the poultry industry. It is a gateway for pathogens, such as Staphylococcus or
E. coli, which can aggravate the injury and cause systemic infections that lead to limited
access to feed and water that, in turn, affects productivity. Previously, Keutgen et al. [31]
reported that the changes in poultry foot pads are related to the housing system, particularly
hyperplasia occurs due to mechanical stimulation when perches and hens are used in the
litter and is also observed as an alteration with cage-reared hens’ toe and claw regions.
A study by Mcllroy [32] stated that farms with high population densities and complex
management practices had a higher incidence of footpad dermatitis. Similarly, Berg [33]
noted that the stocking density affects the relative humidity, causes poor ventilation, and
reduces bird activity. On the other hand, Leonie [34] stated that higher body weight, diet,
leaky waterers, and poor ventilation have indirectly affected the occurrence of lesions. Even
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pathological, poor husbandry practice, and diet may affect footpad infection in broilers. In
the current study, there was no sign of diarrhea (Figure 1) which in turn causes footpad
dermatitis (Figure 2), and we supposed that the healthy foot pad condition of the broilers
could be due to the effect of dietary phytase, which enhanced nutrient utilization by
breaking down phytic acid, leading to improved digestion that resulted with reduced wet
litters [35] or due to proper sanitary conditions.

Figure 1. The effect of phytase supplementation on broiler cecal score. Broilers fed neither PC nor
NC, and NC diet supplemented with graded levels of phytase (250 U/kg 3000 U/kg) showed no
difference (table was not included) in their cecal score until d 35. (A) cecal score 1 and (B) cecal
score 3.

¥ k¥

Figure 2. The effect of phytase supplement on broiler foot pad lesion score. Broilers fed neither
PC (A) nor NC (B) and NC diet supplemented with graded level of phytase ((C-F); 250 U/kg to
3000 U/kg) showed no difference (table was not added) on their foot pad lesions until d 35.

Calcium and phosphorous play a substantial role in bone mineralization. P, a major
component of the avian skeleton, plays a vital role in bone mineralization and in soft tissue
growth [36]. Calcium helps bind phytate molecules and reduces the absorption of P in the
intestine [37]. A study by Bavaresco et al. [27] noted a reduction in growth performance
and bone quality when broilers were fed the NC diet, which contradicts the present
study in which broilers fed neither the PC nor NC diet revealed no impact. Previously,
Mitchell and Edward [38] stated that bone ash is a reliable technique to determine the
animal’s P needs. Phytate, being a strong acid, can form various salts with essential
minerals and reduce their solubilities to increase the P absorption [39]. In the present study,
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broiler-fed NC diet supplemented with graded levels of phytase showed significantly
increased (<0.0001) bone (ash, Ca, and P) mineralization at the end of d 35 (Figure 3) in
agreement with Singh et al. [40] who found increased ash content of the tibia and Ca and P
absorption in the broiler-fed diet supplemented with phytase. Moreover, Guo et al. [41] and
Rousseau et al. [42] addressed the positive influence on the bone mineralization of the
broiler chicks fed a low P diet supplemented with phytase. However, Lan et al. [43] noted
that the addition of low phytases reduced tibia ash, Ca, and P content in the broilers. Hence
it is reasonable to presume that improvements in tibia mineralization could be due to
enhanced feed intake and nutrient utilization.
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Figure 3. The effect of phytase supplement on tibia bone ash, Ca, and P mineralization in broiler on
d 35. a, b in standard error bars denotes significant (p < 0.05).

The effect of dietary phytase on broiler meat quality is shown in Table 4. Broilers fed
the NC diet supplemented with graded levels of phytase showed a linear increase (p < 0.05)
in the gizzard weight, breast muscle color of lightness, redness, pH, and decreased cooking
loss and drip loss (Table 4). The present result was not consistent with Singh et al. [40] and
Broch et al. [44] who found no effect on the carcass yield of broilers in response to phytase
supplementation. A study by Ristc and Dame [45] insists that good broiler meat must be in
the 5.5-6.2 pH range after 45 min postmortem, which is constant with the present findings
in which broilers fed the phytase diet showed a pH range above 5.5. We supposed that
the breast muscle color of yellowness was found to negatively correlate with pH, while
redness and lightness had a positive correlation. Concurrently, Nalunga et al. [46] stated
that pH plays an important role in altering muscle meat and attributes that change meat
color, texture, and shelf life; it can even influence cooking loss, which accounts for the
potential loss of nutritional value of meat during cooking [47]. A low cooking loss of <35%
will make good quality meat as they release fewer nutrients from meat during cooking [46].
According to this statement, we presume that adding graded levels of phytase to the broiler
diet would be beneficial in reducing cooking loss, i.e., <35%, and enhance the shelf life and
the quality of the breast meat for human consumption.
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Table 4. The effect of phytase supplementation on organ weight and meat quality in broiler.

NC + Phytase (U/kg) in Diet p-Value
Items PC NC SEM ! PCvs. NC
250 500 1000 1500 3000 Linear  Quadratic Cubic
Organ weight, % at d 35
Breast muscle 10.13 9.98 1007 1000 1036 1022 1043 0.20 0542 0122 0393 0630
Liver 255 252 2.54 2.53 257 2.56 2.58 0.04 0.726 0394 0652  0.676
Spleen 0.11 0.11 0.13 0.12 0.11 0.12 0.12 0.01 0.487 0.927 0.586 0.693
Abdominal fat 1.20 122 1.21 122 117 118 116 0.03 0.646 0.166 0438  0.617
kidney 0.82 0.83 0.84 0.79 0.80 0.80 0.81 0.02 0.887 0.223 0.706 0.394
Bursa of Fabricius 017 0.17 020 022 0.19 0.18 020 0.02 0.857 0217 0129 0381
Gizzard 1.56 1.52 1.62 155 1.60 1.69 1.69 0.06 0.653 0019 0454  0.897
Color
Lightness (L) 57.07 57.11 54.55 55.04 56.21 56.59 57.42 0.88 0.977 0.016 0.718 0.712
Redness (a) 1218 1028 1175 1046 1160 1228  10.82 0.59 0.107 0032 0506 0808
Yellowness (b) 1683 1673 1478 1460 1549 1550 1665 0.73 0.926 0561 0109 0853
pH value 5.56 5.44 5.51 5.47 5.62 5.58 5.66 0.06 0.290 0.051 0.172 0.352
Cooking loss, % 1844 1942 1873 1930 1756 1781  17.37 0.66 0.140 0032 0241 0285
WHC, % 52.34 50.77 51.82 51.17 54.88 53.07 55.30 2.01 0.632 0.125 0.471 0.630
Drip loss, %
d1 1.30 1.39 133 1.32 1.28 124 1.34 0.09 0.541 0646 0965 0324
ds 3.63 3.79 3.69 3.62 3.60 3.56 3.74 0.13 0.423 0.766 0.675 0.186
d5 6.89 7.02 6.61 6.00 6.17 5.96 6.83 0.34 0.794 0.034 0.186 0.169
d7z 8.11 8.14 7.80 7.23 7.59 7.24 8.08 0.34 0.948 0.068 0.253 0.200
Abbreviation: Positive control (PC), Negative control (NC), NC + Phytase—NC supplemented with graded level
of phytase. ! Standard error of means.
4. Conclusions
The inclusion of phytase (250-1000 FTU/kg) to the reduced nutrient corn-soybean
basal diet (NC- available P-0.33%, 0.29%, 0.26%) reveals conclusive results on growth
performance and better nutrient utilization. In addition, tibia bone mineralization, shelf
life, and pH of broiler meat were increased. The standard phytase (500 FTU/kg) was able
to compensate for the P deficiency and promote performance and bone mineralization;
however, an elevated (1000 FTU/kg) level of phytase in the NC diet showed a higher
response. Thus, we suggest that incorporating the exogenous enzyme phytase (Ronozyme
HiPhos-L) into the broiler fed in excess of 1000 units (U)/kg would be beneficial to boost
broiler productivity.
Author Contributions: Conception and design of study—V.S., ] H.P. and L.H.K; data curation and
writing: V.S. and S.G. supervision—I.H.K. All authors have read and agreed to the published version
of the manuscript.
Funding: This research was financially supported by the Ministry of Small and Medium-sized Enter-
prises (SMEs) and Startups (MSS), Korea, under the “Regional Specialized Industry Development
Plus Program (R&D, S3391407)” supervised by the Korea Technology and Information Promotion
Agency for SMEs and supported by Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education (NRF-RS-2023-00275307).
Institutional Review Board Statement: The animal care procedures implemented in this study were
approved (Approval No. DK-1-2210) by the Institutional Animal Care and Use Committee (IACUC)
of Dankook University (Republic of Korea).
Data Availability Statement: Data can be available requiring via email to In Ho Kim,
Inhokim@dankook.ac.kr.
Conflicts of Interest: The authors did not report any conflict of interest.

References

1.  Ravindran, V,; Bryden, W.L.; Kornegay, E.T. Phytates: Occurrence, and implications in poultry nutrition. Poult. Avian Biol. Rev.
1995, 6, 125-143.

2. Kanwal, A.; Asghar, R.; Babar, M.; Bashir, M. A ; Fida, A.; Hameed, S.A.; Samiullah, K.; Yasin, R.; Farooq, M.; Farooq, H.; et al.
Growth performance of poultry in relation to Moringa oliefera and Azadirachta indica leaves powder. J. King Saud. Univ. Sci.
2022, 34, 102234. [CrossRef]

3. IEC. International Egg Commission—Global Egg Production Continues to Grow. 2021. Available online: https://www.

internationalegg.com/resource/global-egg-production-continues-to-grow/ (accessed on 31 July 2021).


https://doi.org/10.1016/j.jksus.2022.102234
https://www.internationalegg.com/resource/global-egg-production-continues-to-grow/
https://www.internationalegg.com/resource/global-egg-production-continues-to-grow/

Agriculture 2023, 13, 1906 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Miller, M.; Gerval, A.; Hansen, J.; Grossen, G. Poultry Expected to Continue Leading Global Meat Imports as Demand Rises.
Amber Waves Poult. Expect. Contin. Lead. Glob. Meat Imports Demand Rises 2022, 2022, 1-9.

Belal, S.A.; Hasan, M.K,; Islam, M.S.; Islam, M. A. Effect of ginger (Zingiber officinale) and garlic (Allium sativum) on productive
performance and hematological parameters of broiler. Int. J. Environ. Agric. Res. 2017, 3, 9-16.

Mantovani, A.; Aquilina, G.; Cubadda, F.; Marcon, F. Risk-benefit assessment of feed additives in the one health perspective.
Front Nutr. 2022, 10, 843124. [CrossRef] [PubMed]

Ayden, Y.; Tatoglu, E.; Glaister, K.W.; Demirbag, M. Exploring the internationalization strategies of Turkish multinationals: A
multi-perspective analysis. J. Int. Manag. 2021, 27, 100783. [CrossRef]

Nayni, N.R.; Markakis, P. Phytases. In Phytic acid: Chemistry and Applications; Graf, E., Ed.; Pitlatus Press: Minneapolis, MN, USA,
1986; pp. 101-110.

Walk, C.L.; Rao, S.R. Dietary phytate has a greater anti-nutrient effect on feed conversion ratio compared to body weight gain
and greater doses of phytase are required to alleviate this effect as evidenced by prediction equations on growth performance,
bone ash and phytate degradation in broilers. Poult. Sci. 2020, 99, 246-255.

Zhang, B.; Wang, C.; Wei, Z.H.; Sun, H.Z.; Xu, G.Z; Liu, J.X,; Liu, H.Y. The effects of dietary phosphorus on the growth
performance and phosphorus excretion of dairy heifers. Asian-Australas. J. Anim. Sci. 2016, 29, 960. [CrossRef]

Woyengo, T.A.; Nyachoti, C.M. Anti-nutritional effects of phytic acid in diets for pigs and poultry—current knowledge and
directions for future research. Can. J. Anim. Sci. 2013, 93, 9-21. [CrossRef]

Yi, Z.; Kornegay, E.T.; Ravindran, V.; Cenbow, D.M. Improving phytate phosphorus availability in corn and soybean meal for
broilers using microbial phytase and calculation of phosphorus equivalency values for phytase. Poult. Sci. 1996, 75, 240-249.
[CrossRef]

Woyengo, T.A.; Slominski, B.A.; Jones, R.O. Growth performance and nutrient utilization of broiler chickens fed diets supple-
mented with phytase alone or in combination with citric acid and multicarbohydrase. Poult. Sci. 2010, 89, 2221-2229. [CrossRef]
[PubMed]

Zyla, K.; Korelski, J.; Swiatkiewicz, S.; Wikiera, A.; Kujawski, M.; Piironen, J.; Ledoux, D.R. Effect of phosphorylitic and cell
wall-degrading enzymes on the performance of growing broilers fed wheat-based diet containing different calcium levels. Poult.
Sci. 2000, 79, 66-76. [CrossRef] [PubMed]

Cowieson, A.J.; Wilcock, P.; Bedford, M.R. Super-dosing effects of phytase in poultry and other monogastric. Worlds Poult. Sci. ].
2011, 67, 225-236. [CrossRef]

Abbasi, F.; Fakhur-un-Nisa, T.; Liu, J.; Luo, X.; Abbasi, I.LH. Low digestibility of phytate phosphorus, their impacts on the
environment, and phytase opportunity in the poultry industry. Environ. Sci. Pollut. Res. 2019, 26, 9469-9479. [CrossRef]
Cowieson, A.].; Acamovic, T.; Bedford, M.R. Supplementation of corn-soy-based diets with an Eschericia coli-derived phytase:
Effects on broiler chick performance and the digestibility of amino acids and metabolizability of minerals and energy. Poult. Sci.
2006, 85, 1389-1397. [CrossRef]

NRC. Nutrient Requirements of Swine, 11th ed.; National Academic Press: Washington, DC, USA, 2012.

Sampath, V.; Han, K.; Kim, LH. Influence of yeast hydrolysate supplement on growth performance, nutrient digestibility,
microflora, gas emission, blood profile, and meat quality in broilers. J. Anim. Sci. Technol. 2021, 63, 563. [CrossRef]

Association of Official Analytical Chemists (AOAC). Official Methods of Analysis, 16th ed.; Association of Official Analytical
Chemists: Washington, DC, USA, 1995.

Kakhki, R.A.; Lu, Z.; Thanabalan, A.; Leung, H.; Mohammadigheisar, M.; Kiarie, E. Eimeria challenge adversely affected long
bone attributes linked to increased resorption in 14-day-old broiler chickens. Poult. Sci. 2019, 98, 1615-1621. [CrossRef] [PubMed]
Hu, C.H;; Gu, L.Y;; Luan, Z.S.; Song, J.; Zhu, K. Effects of montmorillonite-zinc oxide hybrid on performance, diarrhea, intestinal
permeability and morphology of weaning pigs. Anim. Feed Sci. Tech. 2012, 177, 108-115. [CrossRef]

Onyango, E.M.; Bedford, M.R.; Adeola, O. Phytase activity along the digestive tract of the broiler chick: A comparative study of
an Escherichia coli-derived and Peniophora lycii phytase. Can. |. Anim. Sci. 2005, 85, 61-68. [CrossRef]

Bahadoran, R.; Gheisari, A.; Toghyani, M. Effects of supplemental microbial phytase enzyme on performance and phytate
phosphorus digestibility of a corn-wheat-soybean meal diet in broiler chicks. Afr. ]. Biotechnol. 2011, 10, 6655-6662.

Dos Santos, T.T.; Srinongkote, S.; Bedford, M.R.; Walk, C.L. Effect of high phytase inclusion rates on performance of broilers fed
diets not severely limited in available phosphorus. Asian-Australas. J. Anim. Sci. 2013, 26, 227. [CrossRef] [PubMed]

Sebastian, S.; Touchburn, S.P.; Chavez, E.R; Lague, P.C. Efficacy of supplemental microbial phytase at different dietary calcium
levels on growth performance and mineral utilization of broiler chickens. Poult. Sci. 1996, 75, 1516-1523. [CrossRef] [PubMed]
Bavaresco, C.; Krabbe, E.L.; de Avila, V.S.; Lopes, L.S.; Wernick, B.; Martinez, EN. Calcium: Phosphorus ratios and supplemental
phytases on broiler performance and bone quality. J. Appl. Poult. Res. 2020, 29, 584-599. [CrossRef]

Silversides, EG.; Scott, T.A.; Bedford, M.R. The effect of phytase enzyme and level on nutrient extraction by broilers. Poult. Sci.
2004, 83, 985-989. [CrossRef]

Ravindran, V.; Selle, PH.; Ravindran, G.; Morel, P.C.; Kies, A K.; Bryden, W.L. Microbial phytase improves performance, apparent
metabolizable energy, and ileal amino acid digestibility of broilers fed a lysine-deficient diet. Poult. Sci. 2001, 80, 338-344.
[CrossRef]

Cheryan, M. Phytic acid interactions in feed systems. Crit. Rev. Food Sci. Nutr. 1980, 13, 297-302. [CrossRef]


https://doi.org/10.3389/fnut.2022.843124
https://www.ncbi.nlm.nih.gov/pubmed/35223963
https://doi.org/10.1016/j.intman.2020.100783
https://doi.org/10.5713/ajas.15.0548
https://doi.org/10.4141/cjas2012-017
https://doi.org/10.3382/ps.0750240
https://doi.org/10.3382/ps.2010-00832
https://www.ncbi.nlm.nih.gov/pubmed/20852113
https://doi.org/10.1093/ps/79.1.66
https://www.ncbi.nlm.nih.gov/pubmed/10685891
https://doi.org/10.1017/S0043933911000250
https://doi.org/10.1007/s11356-018-4000-0
https://doi.org/10.1093/ps/85.8.1389
https://doi.org/10.5187/jast.2021.e61
https://doi.org/10.3382/ps/pey527
https://www.ncbi.nlm.nih.gov/pubmed/30544238
https://doi.org/10.1016/j.anifeedsci.2012.07.028
https://doi.org/10.4141/A04-067
https://doi.org/10.5713/ajas.2012.12445
https://www.ncbi.nlm.nih.gov/pubmed/25049780
https://doi.org/10.3382/ps.0751516
https://www.ncbi.nlm.nih.gov/pubmed/9000277
https://doi.org/10.1016/j.japr.2020.03.005
https://doi.org/10.1093/ps/83.6.985
https://doi.org/10.1093/ps/80.3.338
https://doi.org/10.1080/10408398009527293

Agriculture 2023, 13, 1906 11 of 11

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Keutgen, H.; Wurm, S.; Ueberschér, S. Pathological—Anatomical examinations of laying hens from different husbandry systems.
Dtsch. Tieriirztl. Wschr. 1999, 106, 125-188.

Mcllroy, S.G.; Goodall, E.A.; McMurray, C.H. A contact dermatitis of broilers-epidemiological findings. Avian Pathol. 1987, 16,
93-105. [CrossRef]

Berg, L. Foot-pad dermatitis in broilers and turkeys (No. 1998: 36). Acta Univ. Agric. Sueciae Vet. 1998, 36, 7—43.

Leonie, J. Footpad Dermatitis in Poultry: A Common Issue in Commercial and Backyard Flocks. 2021. Available online: https:
/ /en.engormix.com/ poultry-industry/articles / footpad-dermatitis-poultry-common-t47844.htm (accessed on 30 July 2021).

Dang, D.X.; Chun, 5.G.; Kim, I.H. Feeding broiler chicks with Schizosaccharomyces pombe-expressed phytase-containing diet
improves growth performance, phosphorus digestibility, toe ash, and footpad lesions. Anim. Biosci. 2022, 35, 1390. [CrossRef]
Cao, S.; Li, T,; Shao, Y.; Zhang, L.; Lu, L.; Zhang, R.; Hou, S.; Luo, X.; Liao, X. Regulation of bone phosphorus retention and bone
development possibly by related hormones and local bone-derived regulators in broiler chicks. J. Anim. Sci. Biotechnol. 2021, 12,
1-6. [CrossRef] [PubMed]

Liu, J.B.; Chen, D.W.; Adeola, O. Phosphorus digestibility response of broiler chickens to dietary calcium-to-phosphorus ratios.
Poult. Sci. 2013, 92, 1572-1578. [CrossRef] [PubMed]

Mitchell, R.D.; Edwards, H.M. Effects of phytase and 1,25 dihydroxy cholecalciferol on phytase utilization and the quantitative
requirement for calcium and phosphorus in young broiler chickens. Poult. Sci. 1996, 75, 95-110. [CrossRef] [PubMed]
Sandberg, A.S.; Svanberg, H.M. Phytate hydrolysis by phytase in cereals. Effect of in vitro estimation of iron availability. ]. Anim.
Feed Sci. 1991, 56, 559-566. [CrossRef]

Singh, PK.; Khatta, V.K; Thakur, R.S.; Dey, S.; Sangwan, M.L. Effects of phytase supplementation on the performance of broiler
chickens fed maize and wheat-based diets with different levels of non-phytate phosphorus. Asian-Australas. J. Anim. Sci. 2003, 16,
1642-1649. [CrossRef]

Guo, Y,; Shia, Y;; Li, F; Chen, J.; Zhen, C.; Hao, Z. Effects of sodium gluconate and phytase on performance and bone characteristics
in broiler chickens. Anim. Feed Sci. Technol. 2009, 150, 270-282. [CrossRef]

Rousseau, X.; Letourneau-Montminy, M.P.; Meme, M.; Magnin, M.; Nys, Y.; Narcy, A. Phosphorus utilization in finishing broiler
chickens: Effects of dietary calcium and microbial phytase. Poult. Sci. 2012, 91, 2829-2837. [CrossRef]

Lan, G.; Abdullah, N.; Jalaludin, S.; Hoa, Y.W. Effects of freeze-dried Mitsuokella jalaludinii culture and Natuphos phytase
supplementation on the performance and nutrient utilisation of broiler chickens. J. Sci. Food Agric. 2012, 92, 266-273. [CrossRef]
Broch, J.; Nunes, R.V.; Eyng, C.; Pesti, G.M.; de Souza, C.; Sangalli, G.G.; Fascina, V.; Teixeira, L. High levels of dietary phytase
improve broiler performance. Anim. Feed Sci. Technol. 2018, 244, 56—65. [CrossRef]

Ristic, M.; Damme, K. Significance of pH-value for meat quality of broilers: Influence of breed lines. Vet. Glas. 2013, 67, 67-73.
[CrossRef]

Nalunga, A.; Komakech, A.].; Jjagwe, J.; Magala, H.; Lederer, ]. Growth characteristics and meat quality of broiler chickens fed
earthworm meal from Eudrilus eugeniae as a protein source. Livest Sci. 2021, 245, 104394. [CrossRef]

Sari, T.V,; Zalukhu, P.; Mirwandhono, R.E. Water content, pH and cooking loss of broiler meat with garlic-based herbs solution on
drinking water. E3S Web Conf. 2021, 332, 01011. [CrossRef]

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/10.1080/03079458708436355
https://en.engormix.com/poultry-industry/articles/footpad-dermatitis-poultry-common-t47844.htm
https://en.engormix.com/poultry-industry/articles/footpad-dermatitis-poultry-common-t47844.htm
https://doi.org/10.5713/ab.21.0462
https://doi.org/10.1186/s40104-021-00610-1
https://www.ncbi.nlm.nih.gov/pubmed/34380559
https://doi.org/10.3382/ps.2012-02758
https://www.ncbi.nlm.nih.gov/pubmed/23687154
https://doi.org/10.3382/ps.0750095
https://www.ncbi.nlm.nih.gov/pubmed/8650118
https://doi.org/10.1111/j.1365-2621.1991.tb04765.x
https://doi.org/10.5713/ajas.2003.1642
https://doi.org/10.1016/j.anifeedsci.2008.09.006
https://doi.org/10.3382/ps.2012-02350
https://doi.org/10.1002/jsfa.4570
https://doi.org/10.1016/j.anifeedsci.2018.06.001
https://doi.org/10.2298/VETGL1302067R
https://doi.org/10.1016/j.livsci.2021.104394
https://doi.org/10.1051/e3sconf/202133201011

	Introduction 
	Materials and Methods 
	Birds and Husbandry Management 
	Experimental Diet 
	Sample Collection and Laboratory Analysis 
	Nutrient Retention 
	Cecal Score 
	Meat Quality 
	Footpad Lesion Score 
	Tibia Bone Mineralization 
	Statistical Analysis 

	Result and Discussion 
	Conclusions 
	References

