J

%
s’f‘ld ,ew\.\N\'

swski Insg,
q}'b‘\o ’0[5‘,

[}

o
£ Journal of Animal and Feed Sciences, 35, , 2026, e38, https://doi.org/10.22358/jafs/219016/2026
2 \V'7, The Kielanowski Institute of Animal Physiology and Nutrition, Polish Academy of Sciences, Jabfonna

%,
% oy
Y0y pue i

ARTICLE IN PRESS ORIGINAL PAPER
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ABSTRACT. The aim of the study was to assess the efficacy of two dietary
levels of 6-phytase in male ducks fed diets with reduced available phosphorus
(P) over a 42-day period. A total of 320 ducks (Cherry Valley SM3) were divided
into 4 groups, each consisting of 16 floor pens (replicates) of 5 birds. Birds were
offered diets during the starter (days 1-14) and grower (days 15-42) phases
that contained standard available P content (0.50 and 0.38%, respectively;
control, T1), reduced available P content (0.30 and 0.20%, respectively; negative
control, T2), or diets as in T2 supplemented with phytase at 1000 (T3) or 2000
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determined. Data (n = 16 per treatment) were analysed using one-way ANOVA,
with P < 0.05 considered significant. Birds fed the T2 diet showed reduced body
weight (907 vs. 947 g; P = 0.005) and daily gain (60.7 vs. 64.5 g; P = 0.043)
during the starter phase. Supplementation with 6-phytase significantly improved
nitrogen, calcium, P, and ash retention (2.5, 7.4, 11.1, 5.2%, respectively) with
a dose-dependent effect on mineral utilisation. Increased tibia ash content in
phytase-supplemented ducks further confirmed improved P bioavailability
(P =0.005). Carcass yield was unaffected; however, phytase supplementation
reduced breast muscle redness and yellowness, potentially linked to decreased
oxidative stress. Overall, phytase effectively mitigates the negative effects of
dietary P deficiency in ducks, improving growth performance, nutrient utilisation,
and selected aspects of meat quality, particularly in the early growth phase.

* Corresponding author:
e-mail: p.konieczka@uwm.edu.pl

Introduction

Conventional duck diets are frequently defi-
cient in available phosphorus (P), as plant-based
feed ingredients store P predominantly in the form
of phytate (Jiang et al., 2020). Ducks have a limited
capacity to hydrolyse this compound due to insuffi-

cient endogenous phytase activity (Adeola, 2018).
Consequently, P present in plant-based feedstuffs is
poorly utilised, necessitating careful diet formula-
tion with the inclusion of inorganic P sources or ex-
ogenous phytase to increase its availability (Zhang
et al., 2022). Broiler ducks are particularly sensi-
tive to reduced levels of non-phytate P (nPP), also
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referred to as available P, which can adversely affect
their growth, bone development, and overall health.
Inadequate P intake can result in disturbed bone
mineralisation, reduced growth, lower carcass and
muscle weights, as well as impaired intestinal func-
tion. Therefore, maintaining adequate P levels is es-
sential for optimal duck development and health. As
in other poultry species, dietary phytase is used to im-
prove P utilisation. This enzyme hydrolyses phytate
present in plant-based feeds, improving growth and
bone mineralisation, while reducing the demand for
inorganic P and minerals in the diet. In addition, phy-
tase supplementation lowers mineral excretion into
the environment and reduces feed cost. By releasing
bound P and other essential minerals, such as zinc
(Zn) and calcium (Ca), dietary phytase increases their
digestibility and bioavailability. The scientific litera-
ture regarding the use of phytase in duck nutrition is
currently limited, with relatively few studies address-
ing its effects on nutrient digestibility, growth perfor-
mance, or P utilisation compared to other poultry spe-
cies (Fanetal.,2019; Liuetal., 2020; Wuetal., 2021).
Numerous scientific opinions issued by the European
Food Safety Authority (EFSA) Panels have evaluated
the safety and efficacy of feed additives containing
6-phytase for poultry. However, most assessments
concern chickens for fattening, laying hens, or tur-
keys, and the resulting data are extrapolated to other
minor poultry species, including ducks.

Therefore, the objective of the experiment was
to assess the efficacy of two dietary levels of 6-phy-
tase produced by a genetically modified strain of
Komagataella phaffi on growth performance and
mineral bioavailability parameters in broiler ducks
fed diets with a reduced level of available P during
a 42-day period. Cherry Valley ducks are a highly
efficient Pekintype breed, specifically developed
for meat production. They are characterised by
rapid growth, high feed efficiency, and favourable
carcass quality, including a high breast meat yield
(Yang et al., 2025). This breed is widely used in
commercial production worldwide and is typically
reared for slaughter at approximately 42 days of
age, consistent with the experimental timeframe of
the present study.

Material and methods

Birds and experimental treatments

All procedures involving animals were con-
ducted in accordance with the ARRIVE guidelines,
EU Regulations (Directive 2010/63/EU), and Polish
Law. This study was conducted by qualified veteri-

narians responsible for all procedures that involved
the handling of birds. No procedures causing pain or
distress were applied. The experimental protocol did
not require approval from the Local Ethics Commit-
tee for Animal Experimentation in Olsztyn. All ani-
mal procedures strictly adhered to the requirements
of the Polish Act of 15 January 2015 on the Protec-
tion of Animals Used for Scientific or Educational
Purposes.

The study was carried out at the experimental
farm in Baldy near Olsztyn, belonging to the Uni-
versity of Warmia and Mazury (UWM) in Olsztyn,
Poland. The trial lasted 42 days and involved one-
day-old male Cherry Valley (SM3) broiler ducks
obtained from a commercial hatchery. Upon arriv-
al, birds were randomly allocated to experimental
groups and replicates based on equal average weight
per pen. Ducks were housed in floor pens with net-
ting walls to prevent movement between pens. The
experiment was carried out in a windowed poultry
house equipped with programmable artificial light-
ing and climate control systems, including auto-
mated electric heating and forced ventilation. The
heating program followed the breeder’s recommen-
dations. A total of 320 birds were used (4 x 80),
housed in 64 pens (0.7 m? each), with five birds
per pen. Each treatment group consisted of 16 pens
(replicates). Drinking water was provided ad libi-
tum via nipple drinkers. The birds were assigned to
the following groups:

e TI - positive control — diet with standard

P content (Table 1)

* T2 — negative control — diet with reduced

P content (Table 2)

* T3 — negative control + phytase (OptiPhos Plus,

Huvepharma) at 1000 FTU/kg
* T4 —negative control + phytase at 2000 FTU/kg.

The feed mixtures, based on maize and soybean
meal, were prepared by Research Diet Services (Wijk
bij Duurstede, The Netherlands). Two feeding periods
were applied: starter and grower (0—14 days and 15—
42 days, respectively). Phytase was added to the feed
according to the minimum declared specification.
Feed was produced in crumbled form for the starter
phase and pelleted form for the grower phase, with
pelleting temperatures maintained below 80 °C. The
basal diets were analysed for crude protein (AOAC
International, 2006; 990.03), crude fibre (978.10),
crude fat (920.39), dry matter (930.15), ash (942.05),
phosphorus (965.17), and Ca (927.02).

Measurements

Body weight was measured on a pen basis on
days 1, 14, 28, and 42. Feed intake was recorded
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Table 1. Composition and nutrient content of positive control diet
(PC), %

Table 2. Composition and nutrient content of negative control diet
(NC), %

ltem Feeding period ltem Feeding period
1to14days  15to42days 1to 14 days 15 to 42 days

Ingredients Ingredients
maize 58.62 66.00 maize 60.70 68.06
soybean meal 34.83 28.31 soybean meal 34.69 28.08
soybean oil 1.48 1.4 soybean oil 0.78 0.73
limestone 1.27 1.34 limestone 1.20 1.21
monocalcium phosphate 214 1.52 monocalcium phosphate 1.08 0.59
sodium bicarbonate 0.23 0.20 sodium bicarbonate 0.15 0.11
sodium chloride 0.31 0.31 sodium chloride 0.31 0.31
magnesium oxide 0.03 0.03 magnesium oxide 0.03 0.04
choline chloride 0.12 0.13 choline chloride 0.12 0.13
L-lysine hydrochloride 0.25 0.18 L-lysine hydrochloride 0.24 0.18
DL-methionine 0.32 0.22 DL-methionine 0.31 0.21
L-threonine 0.10 0.05 L-threonine 0.10 0.05
toxin binder 0.10 0.10 toxin binder 0.10 0.10
vitamin-mineral premix 0.20 0.20 vitamin-mineral premix 0.20 0.20

Nutritional value Nutritional value
metabolizable energy, kcallkg 2875 2950 metabolizable energy kcallkg 2875 2950
crude protein 21.10 18.49 crude protein 21.19 18.54
crude fat 4.67 4.66 crude fat 4.03 4.05
crude fibre 340 3.19 crude fibre 3.44 3.22
lysine 1.33 1.1 lysine 1.33 1.1
methionine 0.64 0.51 methionine 0.64 0.51
methionine + cysteine 1.00 0.84 methionine + cysteine 1.00 0.84
threonine 0.88 0.74 threonine 0.88 0.74
tryptophan 0.25 0.21 tryptophan 0.25 0.21
Ca 1.00 0.90 Ca 0.80 0.70
available P 0.50 0.38 available P 0.30 0.20
Na 0.19 0.18 Na 0.17 0.16
Cl 0.27 0.26 Cl 0.27 0.26

and calculated for the following experimental
periods: days 1-14, 15-28, 29-42, and 1-42. Mor-
tality was recorded throughout the trial; birds that
died or were removed after weighing were in-
cluded in the feed intake and feed conversion ratio
(FCR) calculations. FCR was calculated for all ex-
perimental periods.

Total tract apparent nutrient digestibility and
retention coefficients (dry matter, ash, nitrogen,
Ca, and P), as well as apparent metabolisable en-
ergy corrected to zero nitrogen retention (AME)),
were determined using yttrium oxide (Y,0,) as an
indigestible dietary marker at a final concentration
of 1.0 g of Y,0,/kg diet. At week 6, excreta were
collected over three consecutive days from each
pen in each group. Samples were stored in plastic
bags at 20 °C, pooled per pen on the final day of
collection to form one replicate, and subsequently
freeze-dried for further analyses. Total tract appar-
ent digestibility coefficients and nutrient retention
were calculated using the following equation:

digestibility (%) =[1 — (Y,0, diet/Y,0,
excreta) X (excreta nutrient content / dietary
nutrient content)] % 100.
The AME of the experimental diets was calculated
using the following formula:
AME  (MJ/kg) = GE diet —
[GE excreta x (Y,0, diet/ Y O,excreta)] — 8,22 x

{N diet — [N excreta x (Y,0, diet/ Y, O, excreta)]},
where: GE — gross energy, N — nitrogen, Y,0, —
yttrium oxide, and 8.22 — the energy equivalent
of uric acid nitrogen (i.e. 8.22 kcal/kg uric acid
nitrogen).

At the end of the experiment (day 42), 16 birds
(one per pen) representing the average body weight
(BW) of each treatment were slaughtered in the
departmental processing facility. Birds were elec-
trically stunned (400 mA; 350 Hz), suspended on
a shackle line, and exsanguinated by a unilateral
neck cut severing the right carotid artery and jugu-
lar vein. Subsequently, carcasses were defeathered
and manually eviscerated. Non-edible viscera
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(intestines, proventriculus, gall bladder, spleen, oe-
sophagus, and crop), head, legs, edible giblets (heart,
gizzard, and liver), and the wing portion distal to
the first joint were removed to obtain ready-to-cook
carcass. After 24 h of chilling, carcass, abdominal
fat and breast muscle weights were recorded. Organ
and muscle weights were calculated relative to live
BW and expressed as a percentage. Chilled breast
muscles were subjected to physicochemical analy-
sis, including pH,, value and colour assessment. Ul-
timate pH (24 h postmortem) was measured in du-
plicate using a Testo 206-pH2 pH-meter equipped
with a piercing probe head for semisolid substanc-
es (Testo GmbH & Co., Lenzkirch, Germany).
Meat colour parameters L* — (lightness), a* — (red-
ness), and b* — (yellowness) were measured in the
CIE LAB system (CIE, 1978) using the reflectance
method. Measurements were taken in triplicate with
a HunterLab MiniScan XE Plus spectrocolorimeter
(Hunter Associates Laboratory Inc., Reston, VA,
USA) at different points on the muscle cross-section
area, using illuminant D65 and a 10° standard ob-
server angle. The instrument was calibrated against
standard black and white reference plates before
each measurement session.

Tibiae were collected from the same birds,
cleaned of adhering muscles and cartilage, and
stored at —25 °C until analysis. The bones were
assayed for dry matter and ash content. Tibiae were

Table 3. Growth performance of broiler ducks for the 1-14-day period

deionised (DI) water. To avoid acid interference,
acid concentration in all solutions was adjusted to
match that in the digested samples.

Statistics

Data were tested for normality using Shapiro-
Wilk test prior to statistical analysis. All data were
analysed by one-way ANOVA, and differences were
considered significant at P < 0.05, while values be-
tween 0.05< P <0.10 considered a near-significant
trend (x,y). The pen served as the experimental unit
for all parameters (n = 16 per treatment), with the
exception of tibia dry matter and ash content (n = 12
per treatment). Results are presented as treatment
means with pooled standard error of the mean
(SEM), calculated as the standard deviation divided
by the square root of the number of replicates.

Results

The analysed phytase activity was as follow:
starter phase — T1 — 120 FTU/kg, T2 — 110 FTU/kg,
T3 — 1230 FTU/kg, and T4 — 1200 FTU/kg; grower
feed: T1 — 90 FTU/kg, T2 — 90 FTU/kg, T3 — 1245
FTU/kg, and T4 — 1290 FTU/kg. BW of ducks fed
the reduced-P diet (T2) on days 14 and day 28 was
significantly lower as compared to the remaining
treatments i.e., positive control (T1) and phytase-
supplemented groups (T3 and T4) (Tables 3-5).

BW, 1 days, BW, 14 days, ADWG, ADFI, FCR,

kg kg g g9 ka/kg
Treatment
T 0.058 £ 0.001 0.9532 £ 0.033 63.9°+24 776% £34 1.223+£0.043
T2 0.058 £ 0.001 0.907° £ 0.038 60.7°+2.7 73.7° £4.0 1.218 £0.043
T3 0.058 £ 0.001 0.945% £ 0.041 63.32£3.0 753+ 3.5 1.190 £ 0.137
T4 0.058 £ 0.001 0.9432 £ 0.032 63.22+£2.3 75.9% + 3.5 1.202 + 0.046
SEM <0.001 0.005 0.356 0.484 0.005
P-value 0.912 0.005 0.005 0.043 0.131

number of replicates = 64 (16 replicates of 5 birds/treatment); T1 - positive control — with a standard P content of a diet, T2 — negative control — with
a reduced P content of a diet, T3 — negative control + phytase (OptiPhos Plus, Huvepharma) at 1000 FTU/kg, T4 - negative control + phytase
at 2000 FTU/kg; SEM - standard error of the mean, BW — body weigh, ADWG — average daily weight gain, ADFI — average daily feed intake,
FCR - feed conversion ratio; values in same columns with no common superscript @ are significantly different at P < 0.05

weighed, and their volume was determined by
displacement in distilled water. Samples (25-500
mg) were digested with 4 ml H,SO, (SUPRAPUR,
Merck, Darmstadt, Germany) and 2 ml H,O,
(SUPRAPUR, Merck, Darmstadt, Germany) in
closed 50 ml quartz vessels using a Multiwave®
microwave digestion system (Anton Paar, Graz,
Austria). After cooling, 5.0 ml of internal standard
reagent (yttrium; 10 mg Y/L) = was added, and the
digest was diluted to a final volume of 1000 ml with

Average daily weight gain (ADWG) during days
1-14 was lowest in T2 (P < 0.05 vs. all other
groups). For the 15-28 and 1-28 day periods,
ADWG remained lowest in the negative control
(group T2) but differed significantly only from
group T1 (P < 0.05). Average daily feed intake
(ADFI), calculated for days 1-14, was significant-
ly lower in T2 compared to T1 birds (P < 0.05).
A suggestive trend (P = 0.053) was noted towards
reduced ADFI values during days 1-28 in both
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Table 4. Growth performance of broiler ducks for the 15-28-day period

BW, 14 days, BW, 28 days, ADWG, ADFI, FCR,

kg kg g 9 kgkg
Treatment
T1 0.9532 £ 0.033 2.6122 £ 0.084 118.5% £4.2 203.6+8.5 1.750 £ 0.095
T2 0.907° £ 0.038 2.448°+0.113 121> £7.6 203.5£10.2 1.799 £0.133
T3 0.945% £ 0.041 2.5722+£0.110 1162+ 55 200.0+£5.9 1.726 £ 0.066
T4 0.9432 £ 0.032 2.5442 + 0.067 1146+ 3.9 198.5 5.1 1.722 £ 0.071
SEM 0.005 0.014 0.749 0.991 0.012
P-value 0.005 <0.001 0.017 0171 0.113

number of replicates = 64 (16 replicates of 5 birds/treatment); T1 — positive control —with a standard P content of a diet, T2 —negative cntrol — with
a reduced P content of a die, T3 — negative control + phytase (OptiPhos Plus, Huvepharma) at 1000 FTU/kg, T4 - negative control + phytase at
2000 FTU/kg; SEM - standard error mean, BW — body weight, ADWG — average daily weight gain, ADF| — average daily feed intake, FCR - feed
conversion ratio; values in same columns with no common superscript @ are significantly different at P < 0.05

Table 5. Growth performance of broiler ducks for the 1-28-day period

BW, 1 day, BW, 28 days, ADWG, ADFI, FCR,

kg kg g g kglkg
Treatment
T1 0.058 + 0.001 2.6122 £ 0.084 91.22+£3.0 141.00+44 1.563% + 0.061
T2 0.058 + 0.001 2.448°+0.113 85.4° +4.0 138.39+ 4.2 1.598° +0.092
T3 0.058 £ 0.001 2.5722 £ 0.110 89.8°+ 3.9 13757 +£3.7 15372 +£0.030
T4 0.058 £ 0.001 2.5442 + 0.067 88.8°+24 137.5V £ 3.1 1.5412 £ 0.040
SEM <0.001 0.014 0.508 0.520 0.008
P-value 0.912 <0.001 <0.001 0.053 0.034

number of replicates = 64 (16 replicates of 5 birds/treatment); T1 — positive control —with a standard P content of a diet; T2 — negative control — with
a reduced P content of a die, T3 — negative control + phytase (OptiPhos Plus, Huvepharma) at 1000 FTU/kg, T4 — negative control + phytase
at 2000 FTU/kg; SEM - standard error of the mean, BW - body weight, ADWG - average daily weight gain, ADF| — average daily feed intake,
FCR - feed conversion ratio, values in same columns with no common superscript @ are significantly different (P < 0.05) and values between

0.05 < P <0.10 considered a near-significant trend®

phytase-supplemented groups relative to TI1
(P = 0.053; Table 5). As a consequence, FCR for
days 1-28 was significantly higher in T2 compared
to T3 and T4 (P < 0.05; Table 5). BW on day 42 did
not differ between treatments (P > 0.05; Table 6).
ADFI during days 29-42 days was highest in T2 and
T4 and lowest in the positive control T1 (P < 0.05
vs. T2 and T4). Considering the entire feeding pe-
riod (days 1-42), ADWG, ADFI, and FCR were
comparable in all treatments (P > 0.05; Table 7).
Livability among groups was also similar between
groups, ranging from 96.3 to 100% (P > 0.05).

Table 6. Growth performance of broiler ducks for the 29-42-day period

Dietary treatments had no significant effect on
carcass yield and breast meat percentage (P > 0.05;
Table 8). However, the relative weight of abdomi-
nal fat was significantly lower in T2 and T4 com-
pared to group T1 (P < 0.05). Additionally, a near-
significant trend was observed towards increased
relative gizzard weight of ducks in T2 compared
to the group receiving 2000 FTU/kg 6-phytase
supplementation (P = 0.068). Breast muscle pH,, was
significantly lower in all three groups receiving diets
with reduced available P, irrespective of 6-phytase
supplementation (P < 0.05 vs. T1).

BW, 28 days, BW, 42 days, ADWG, ADFI, FCR,

kg kg g g kgrkg
Treatment
T1 2.6122 £ 0.084 4,029 +0.161 102.3+9.1 228.00+7.4 2.243 +0.142
T2 2.448°+0.113 3.923+0.160 105.7 £ 9.1 238.6°+99 2.226 +0.137
T3 2.5722+£0.110 3.965 +£0.143 101.1£5.1 233.9%+ 6.4 2.331£0.209
T4 2.5442 + 0.067 3.964 +0.170 999+ 117 236.42 +8.2 2.387 £0.273
SEM 0.014 0.020 0.167 1.154 0.027
P-value <0.001 0.336 0.315 0.005 0.105

number of replicates =64 (16 replicates of 5 birds/treatment); T1 — positive control — with a standard P content of a diet, T2 — negative control — with
a reduced P content of a diet, T3 — negative control + phytase (OptiPhos Plus, Huvepharma) at 1000 FTU/kg, T4 - negative control + phytase
at 2000 FTU/kg; SEM - standard error of the mean, BW - body weight, ADWG - average daily weight gain, ADFI — average daily feed intake,
FCR - feed conversion ratio; values in same columns with no common superscript @ are significantly different at P < 0.05
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Table 7. Growth performance of broiler ducks for the 1-42-day period

BW, 1 days, BW, 42 days, ADWG, ADFI, FCR, Liveability,

kg kg g g kalkg %
Treatment
T 0.058 +£0.001 4.029 £ 0.161 945+38 170.9+28 1.815 £ 0.055 98.8+5.0
T2 0.058 + 0.001 3.923 +£0.160 926+4.3 1722 4.1 1.839 £ 0.060 975+6.8
T3 0.058 £ 0.001 3.965 £ 0.143 93.0+34 1716 £9.0 1.818 £ 0.070 96.3+8.1
T4 0.058 +0.001 3.964 +£0.170 93.0+4.1 1718+£1.3 1.846 £ 0.067 100.0£0.0
SEM <0.001 0.020 0.494 0.664 0.006 0.734
P-value 0.912 0.336 0.527 0.925 0473 0.310

number of replicates = 64 (16 replicates of 5 birds/treatment); T1 - positive control — with a standard P content of a diet, T2 — negative control — with
a reduced P content of a diet, T3 — negative control + phytase (OptiPhos Plus, Huvepharma) at 1000 FTU/kg, T4 — negative control + phytase
at 2000 FTU/kg; SEM - standard error of the mean, BW — body weight, ADWG — average daily weight gain, ADFI — average daily feed intake,

FCR - feed conversion ratio; P> 0.05 (no statistically significant)

Table 8. Carcass traits and breast quality of broiler ducks, %

Treatment T1 T2 T3 T4 SEM P-value
BWhbs, kg 41000175 3.950 £ 0.168 3.985+0.158 3.980£0.123 0.026 0.172
Carcass yield 67.3+1.1 674+14 68.0+1.6 68.3+0.9 0.214 0.331
Breast 152+1.6 14.2+0.7 144+£13 147+£12 0.204 0.379
Abdominal fat 0.4472 £ 0.211 0.267° + 0.066 0.376%°+ 0.173 0.269° £ 0.075 0.026 0.030
Heart 0.429 £0.035 0.463 £ 0.051 0.428 £ 0.044 0.420 £0.033 0.007 0.116
Liver 2.819+£0.333 2.926 +0.397 2772 +£0.438 3.102 £ 0.451 0.066 0.302
Gizzard 2.3029 £0.243 2.520+0.192 2.2889 +0.164 2233 +£0.313 0.041 0.068
pH,, 5.0572+£0.039  4.994° +0.031 4,993+ 0.023 5.005° £ 0.056 0.007 0.003
Color

L* 38328 39.0+1.6 39517 40.8+28 0.383 0.108

a 15.3% + 1.1 16.00+1.2 15.3®+ 1.0 14.3°+1.2 0.196 0.012

b’ 1220 +1.2 13.5°+1.3 1319 £0.9 1279 +£1.0 0.184 0.092

number of replicates = 64 (16 replicates/birds/treatment); T1 — positive control — with a standard P content of a diet, T2 — negative control — with
a reduced P content of a diet, T3 — negative control + phytase (OptiPhos Plus, Huvepharma) at 1000 FTU/kg, T4 — negative control + phytase
at 2000 FTU/kg; SEM - standard error of the mean, BWbs — body weight before slaughter (100%); pH,, = pH measured 24 h post mor-
tem; L*, a*, b* — meat color was measured in to the CIE L*a*b* system; values in same rows with no common superscript @ are significantly
different (P < 0.05) and 0.05 < P < 0.10 considered a near-significant trend®

The colour a* (redness) value was highest in T2
and lowest in T4 (P < 0.05 vs. T2). A tendency to-
wards increased b* (yellowness) was observed in
group T2 vs. positive control T1 (P = 0.092). The
AME, of phytase-supplemented diets was signifi-
cantly lower in comparison to the positive control
(P < 0.05; Table 9). Digestibility results showed
higher nitrogen (N) retention in both phytase-supple-
mented groups (T3, T4) compared to T2 (P < 0.05).

Regarding Ca and P retention, all groups differed
significantly among all treatments, with the high-
est values observed in the group fed 2000 FTU/kg
phytase (T4) and the lowest in the group fed a lower
P diet without phytase supplementation (T2). The re-
lationship between treatments was in the following
order: T4>T3">T1°>T2¢ (P < 0.05). Ash retention
was significantly higher in both phytase-supplement-
ed groups than in the positive and negative controls

Table 9. AME, (kcal) and nutrients retention in broiler ducks fed feed mixtures, %

AME, N retention Ca retention P retention Ash retention DM retention

Treatment

T1 33142 £33.3 69.3% £2.2 38.0°+£26 491°+23 36.5°+ 3.6 948105
T2 32913 +42.4 66.2° £ 5.6 34.8¢+39 4357+6.3 356°+4.0 945+0.8
T3 3264° +66.4 72.82 £3.2 42.3°+4.38 53.00+27 4342£32 95107
T4 3246° +56.3 70.78 £5.1 464°+25 61.72£1.6 42.6°+3.3 949+0.6
SEM 8.56 0.718 0.942 0.664 0.742 0.104
P-value 0.020 0.006 <0.001 <0.001 <0.001 0.257

number of replicates = 64 (16 replicates of 5 birds/treatment); T1 - positive control — with a standard P content of a diet, T2 - negative control — with
a reduced P content of a diet, T3 — negative control + phytase (OptiPhos Plus, Huvepharma) at 1000 FTU/kg, T4 - negative control + phytase at
2000 FTU/kg; SEM - standard error of the mean, AME, - apparent metabolizable energy corrected to zero-nitrogen retention, DM — dry matter,
values in same columns with no common superscript -9 are significantly different at P < 0.05
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Table 10. Dry matter and ash content in tibia bones of broiler ducks, %

DM Ash

Treatment

T 74%£0.8 5097+ 3.3
T2 6.36" £ 1.1 465045
T3 6.27" £ 1.1 51.9°+3.8
T4 6.769+ 0.8 516225
SEM 0.167 0.651
P-value 0.051 0.005

number of replicates = 48 (12 replicates/birds/treatment); T1 - positive
control —with a standard P content of a diet, T2 — negative control — with
areduced P content of a diet, T3 — negative ontrol + phytase (OptiPhos
Plus, Huvepharma) at 1000 FTU/kg, T4 - negative control + phytase
at 2000 FTU/kg; DM — dry matter, .SEM — standard error of the
mean; values in same columns with no common superscript ) are
significantly different at P < 0.05 and values between 0.05 < P<0.10
considered a near-significant trend ®

(P < 0.05; Table 10). Dry matter content in the tibia
was lower in treatments T2 and T3 compared with
ducks in T1 (P < 0.05). Tibia ash content was lowest
in the negative control group (T2; P < 0.05 vs. other
treatments; Table 10).

Discussion

Phytases are widely employed in animal nu-
trition to hydrolyse phytate-bound P in feedstuffs,
thereby increasing its availability and digestibility.
However, despite the inclusion of phytase in feed
formulations, P deficiencies may still occur, partic-
ularly due to the enzyme’s susceptibility to thermal
degradation during high-temperature processing,
such as pelleting. To address this limitation, the
present study utilised a heat-stable phytase prepa-
ration with confirmed thermostability up to at least
85 °C and pelleting maintained below 80 °C. The
formulated starter and grower diets contained
0.3 and 0.2% available P, respectively, levels insuf-
ficient to meet the requirements of rapidly growing
meat ducks. This was reflected in significantly low-
er body weight observed on days 14 and 28, as well
as reduced ADWG during the early (days 1-14)
and later (days 15-28) growth phases in the nega-
tive control group (T2). FCR during days 1-28 was
significantly better in both phytase-supplemented
groups than in the P-deficient group without phy-
tase (T2). No such differences were observed in the
later stages of rearing, indicating that broiler ducks
are more sensitive to available P deficiency in the
first half of the fattening period. Liu et al. (2022)
reported a similar pattern in Cherry Valley ducks
over a 42-day trial, with significant differences in
weight gain between standard and P-deficient diets
recorded during days 0-21 but not during days 22—

42. Zhang et al. (2022) emphasised that the starter
phase in ducks is critically important for the de-
velopment of body tissues, internal organs, and the
skeletal system, and that adequate nutrition during
this period significantly affects subsequent growth
performance and overall productivity. Although
published data support the benefits of phytase sup-
plementation in P-deficient diets throughout the
rearing period, present results suggest that these
benefits may plateau in the second phase, as ducks
tolerated available P deficiencies quite well during
this period. This hypothesis should be thoroughly
verified in future studies, as the available literature
has focused mainly on the negative effects of P-
deficient diets and the associated benefits of phy-
tase supplementation. In broiler chickens, young
birds are considerably more sensitive to P defi-
ciency, whereas reduced P intake during the late
rearing/early finishing phases is better tolerated
and may allow for compensatory growth with lim-
ited impact on performance if dietary P is reduced
appropriately (Kozlowski et al., 2009, 2010a;
Omotoso et al., 2023).

In the present study, the diet with lower avail-
able P content caused a near-significant increase
in relative gizzard weight in ducks. Although no
published data directly link low dietary P to in-
creased gizzard mass in ducks or broiler chickens,
reduced available P in poultry diets has been as-
sociated with impaired nutrient digestibility and
adverse changes in intestinal morphology, includ-
ing reductions in villus height and crypt depth (Lee
et al., 2024). It is well established that less digest-
ible feed is retained longer in the gastrointestinal
tract of monogastric animals (Svihus, 2011), and
prolonged retention in the proventriculus-gizzard
complex may increase functional load on the giz-
zard, contributing to its hypertrophy. In the present
experiment, a marked reduction in abdominal fat
percentage was observed in ducks fed diets with
reduced available P, as well as in birds receiving
higher levels of 6-phytase supplementation. The
underlying mechanism remains unclear; however
Li et al. (2016) reported that both deficient and ex-
cessive dietary P inclusion levels may negatively
affect meat quality in broiler chickens, including
a reduction in intramuscular fat content and altera-
tions in the fatty acid profile of breast muscles com-
pared with birds fed a diet with adequate P levels.
In line with these findings, the present results in-
dicate that reducing the dietary P and concomitant
6-phytase supplementation significantly decreased
the a* (redness) colour parameter of duck breast
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meat relative to the non-supplemented P-deficient
group. These results are consistent with obser-
vations in broiler chickens reported by Hakami
et al. (2022), who observed decreased a* values in
phytase-supplemented broiler chicken breast meat
at both 15 min and 24 h postmortem, indicating
improved meat colour stability. Similarly, May-
nard et al. (2023) found that phytase supplementa-
tion influenced the b* (yellowness) parameter of
broiler breast meat, with higher b* values observed
in the negative control group compared with phy-
tase-treated birds at both 4 and 24 h postmortem.
In the present study, the P-deficient group likewise
showed increased breast meat yellowness compared
with the positive control. The mechanisms underly-
ing increased yellowness are not clearly explained
in the cited studies. One possible explanation is
increased formation of reactive oxygen species
(ROS) under conditions of reduced dietary avail-
able P content. Studies in rodents fed a phosphate-
deficient diet have shown impaired mitochondrial
respiration and oxidative phosphorylation, leading
to excessive ROS generation (Brautbar et al., 1983;
Andres-Hernando et al., 2023). Viana et al. (2017)
reported that broiler breast meat showed higher
b* values in broiler breast meat in parallel with
increased lipid oxidation (measured by TBARS),
suggesting that oxidative processes may contribute
to reduced colour stability and increased yellow-
ness.

In the present experiment, phytase supplemen-
tation significantly improved the retention of nitro-
gen, Ca, P and ash, with Ca and P retention show-
ing a clear dose-dependent response. Moreover,
both phytase-supplemented groups showed higher
Ca and P retention not only relative to the negative
(P-deficient) group, but also to the positive control
group. This relationship is not new, as numerous
studies have reported reduced nutrient digestibil-
ity and absorption caused by low P availability
(Koztowski et al., 2010b; Czerwinski et al., 2012;
Bougouin et al., 2014; Wu et al., 2021; Pirzado
et al., 2024). However, confirming this mecha-
nism in ducks is scientifically important, given that
available data for this species are more limited than
for broiler chickens (Venter et al., 2024). Further-
more, phytase supplementation allows lowering
Ca, inorganic P, and protein levels in rations, while
decreasing P and N excretion, as demonstrated in
broiler chickens, thereby contributing to reduced
environmental impact (Konieczka et al., 2020).
The present results also indicate that dietary sup-
plementation with 6-phytase affected AME . Di-

etary levels of available P can indirectly affect ap-
parent metabolizable energy (AME) through their
impact on overall nutrient digestibility and growth
performance. This effect is particularly evident un-
der P-deficient conditions, where supplementation
with available P, either directly or via exogenous
phytase, can partially restore performance parame-
ters such as FCR and nutrient utilisation efficiency
(Ravindran et al., 2004; Cozannet et al., 2021).
In addition to improvements in growth perfor-
mance, bone mineralisation, and P utilisation in
response to phytase supplementation, Wu et al.
(2021) emphasised that growth performance and
tibia ash content were more sensitive indicators
of P bioavailability in ducks than other response
criteria. The current findings support this asser-
tion, as tibia ash content in ducks receiving diets
supplemented with 6-phytase was comparable
to that observed in the positive control group.
At the same time, ash retention was significant-
ly higher in both phytase-supplemented groups
compared to the positive and negative controls,
which is consistent with the findings reported by
Biesek et al. (2021).

Conclusions

This study confirms that early dietary phospho-
rus (P) deficiency negatively affects growth perfor-
mance, feed efficiency, and nutrient retention in
meat ducks. Supplementation with a thermostable
6-phytase effectively improved performance and
N, Ca, P, and ash retention, with Ca and P utilisa-
tion exceeding the levels observed in the P-ade-
quate control. Increased tibia ash content further
supported improved P bioavailability following
phytase supplementation. Low dietary P also influ-
enced meat quality traits, increasing both redness
and yellowness of breast muscle, the latter poten-
tially associated with elevated oxidative stress. Al-
though carcass yield was not significantly affected,
reduced abdominal fat and a trend toward increased
gizzard weight in P-deficient ducks indicate physi-
ological adaptations. Overall, phytase supplemen-
tation effectively counteracted the adverse effects
of diets low in available P, particularly during the
early rearing phase in ducks.
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