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ABSTRACT Phytase is of importance to the poul-
try industry because of its ability to hydrolyze phytate
and release phosphorus (P) for use by poultry. How-
ever, the effect of age on phytase efficacy is not fully
understood. A total of 864 day-old broiler chicks were
used to investigate the effect of age and feeding length
on phytase efficacy using growth performance, mineral
utilization, and tibia ash as response criteria of eval-
uation. The experiment was arranged as a 3 × 2 × 2
factorial in a randomized complete block design with
3 diets including; a positive control (PC; 0.4% non-
phytate P (nPP)), a negative control (NC; 0.2% nPP)
and a NC diet supplemented with phytase at 2,000
FYT/kg; 2 ages (i.e., days 14 and 22); and 2 feeding
lengths (i.e., 2 and 5 D) with 8 replicates each. Birds
fed the NC had decreased (P < 0.01) body weight gain
and feed efficiency compared with birds fed the PC

regardless of age or feeding length. Similarly, birds
fed the phytase-supplemented diet had improved
(P < 0.01) performance as compared to birds fed the
NC regardless of age. There were no significant differ-
ences in P utilization between birds fed for 2 to 14 D or
22 D and birds fed for 5 D to both ages. However, phy-
tase was more efficacious at day 14 than day 22 when
mineral utilization was considered because the super
dose of phytase elicited greater response in birds fed
the phytase supplemented diet for 2 D until day 14. In
contrast, percentage tibia ash improved (P < 0.01) in
birds fed phytase supplemented diet for 5 D at both
ages as compared with birds fed for 2 D. In conclu-
sion, testing phytase products, even at high doses, for
2 D during the second week in the life cycle of broiler
chicks, can be recommended from the results of this
study.
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INTRODUCTION

Broiler chickens are a major source of animal pro-
tein to the human population hence, research is con-
tinually carried out in diverse ways to improve their
productivity while being cost-effective and maintain-
ing a safe environment. Waste from the broiler indus-
try has been identified as one of the major sources of
environmental pollution due to the high concentration
of minerals including phosphorus (Panda et al., 2007).
When this waste is used as manure, phosphorus (P)
accumulates in the soil and if P is leached or runoff
into water bodies, it may harm aquatic life and the
environment in a process called eutrophication (Panda
et al., 2007). Phytate is commonly found in several ce-
real and oilseed grains used in animal diets. Phytate
binds to nutrients such as calcium (Ca), magnesium,
amino acids, and other essential nutrients forming in-
soluble complexes (Cowieson and Bedford, 2009). These

C© 2019 Poultry Science Association Inc.
Received January 30, 2019.
Accepted June 12, 2019.
1Corresponding author: ladeola@purdue.edu

complexes are not easily hydrolyzed by broilers due to
their poor solubility in the small intestine, resulting in
the unavailability of nutrients to the birds and its loss
to the environment (Selle et al., 2009). The use of ex-
ogenous phytase in broiler diets has been encouraged
because of its ability to hydrolyze the phytate com-
plex, and release P and other nutrients for use by the
birds (Ravindran et al., 1995). Increasing the dosage of
phytase supplementation in birds has resulted in fur-
ther improvement in growth performance and nutrient
utilization of birds compared with the industry recom-
mended dose of 500 to 1,000 FYT/kg diet (Rutherfurd
et al., 2012). Studies have reported that high doses of
phytase may lead to a more rapid and/or complete
breakdown of phytate in diets thus reducing its anti-
nutritional effect and eliciting a better response in birds
(Shirley and Edwards, 2003). The age of birds has been
known to influence their capacity to utilize nutrients
especially during the early phase of rapid development
(Batal and Parsons, 2002). Previous work from our lab
reported that age of birds and feeding length has an im-
pact on phytase efficacy (Babatunde et al., 2019). A re-
duction in the efficacy of phytase was observed with re-
sponses of birds fed a low P diet as they grew older than
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2 wk. Birds fed phytase supplemented low P diets at day
14 post-hatching had increased growth performance, P
and Ca utilization as compared with birds fed the same
diets at days 8 and 22 post-hatching. Similarly, birds fed
for 2 and 5 D had higher responses than birds fed for
16 D. However, it was not clear if there was any differ-
ence in the impact on phytase efficacy when birds were
fed phytase supplemented low P diets for short periods
(i.e., 2 or 5 D) at day 14 post-hatching, characterized
by rapid development of organs and tissues, or at day
22 post-hatching, which is the beginning of the grower
phase and the rapid accumulation of muscle in broil-
ers. Thus, the objective of this study was to investigate
the impact of these feeding lengths and age periods on
phytase efficacy.

MATERIALS AND METHODS

Birds and Management

All protocols of animal experiments were reviewed
and approved by the Purdue University Animal Care
and Use Committee. A total of 864 one-day-old male
broiler chicks (Cobb 500, Siloam Springs, AR) were
obtained from a commercial hatchery. Each bird was
weighed individually, tagged, and allotted to cages.
Birds were raised in heated brooder battery cages
(model SB 4 T; Alternative Design Manufacturing,
Siloam Springs, AR) in an environmentally controlled
room. All birds had unrestricted access to water and
were fed a commercial starter diet in mash form formu-
lated to contain 3,225 kcal/kg ME, 225 g/kg CP, 9 g/kg
Ca, and 4.0 g/kg non-phytate P (nPP), that met or ex-
ceeded the requirements of broiler chicks (NRC, 1994)
until the beginning of the experimental periods. The
commercial starter diet was similar in formulation to
the positive control (PC) experimental diet.

Experimental Design and Procedure

This study was a randomized complete block design
with a 3 × 2 × 2 factorial arrangement of treatments
comprising; 3 experimental diets; a PC diet (0.40%
nPP), negative control (NC) diet (0.20% nPP), and a
NC diet supplemented with phytase at 2,000 FYT/kg;
2 feeding lengths (2 or 5 D), and 2 ages (days 14 or
22). Feeding length groups included a 2 and 5 D feed-
ing length terminating at day 14 (i.e., days 12 to 14
and days 9 to 14) and at day 22 post-hatch (i.e., days
20 to 22 and 17 to 22). Each treatment had 8 repli-
cates with 10 birds or 8 birds per cage for groups
that were fed the experimental diets until days 14 or
22, respectively. The initial BW served as the blocking
factor for the 12 treatments to ensure similar average
BW across the diets. A commercial starter diet, sim-
ilar to the PC diet, was fed to 2 groups until days 9
and 12 respectively and then fed the experimental di-
ets until day 14 while the other 2 groups were fed the

commercial diet until days 17 and 20 respectively and
then fed the experimental diets until day 22.

Experimental Diets

Ingredient composition and nutrient and energy con-
centration of the experimental diets are shown in
Table 1. The PC and NC diets were in mash form
and similar in ingredient composition but the lev-
els of monocalcium phosphate and limestone were
adjusted to give varying levels of nPP. Phytase
(RONOZYME HiPhos, DSM Nutritional Products,
Kaiseraugst, Switzerland) was combined with ground
corn to form a premix containing 50 FTY/g. The quan-
tity of enzyme required to liberate 1 μmol of inorganic
phosphate/min from 5.0 mM sodium phytate at pH 5.5
and 37◦C is known as 1 FYT (Engelen et al., 1994).
The phytase premix was then supplied at 40 g/kg to
the NC diet to contain 2,000 FYT/kg. Ileal digestibil-
ity and total tract retention (TTR) of nutrients in diets
were determined by index method as described by Ade-
ola and Walk (2013) using chromic oxide, incorporated
into the diets, as an indigestible marker.

Table 1. Ingredients and nutrient composition of experimental
diets for broiler chickens

Item
Positive
control

Negative
control

Phytase
2,000

FYT/kg

Ingredients, g/kg
Corn 520.6 531.1 491.1
Soybean meal, 480 g/kg CP 358.0 356.0 356.0
Soybean oil 53.0 50.0 50.0
Monocalcium phosphate 13.3 3.8 3.8
Limestone 15.3 19.3 19.3
Salt 4.0 4.0 4.0
Vitamin−mineral premix1 3.0 3.0 3.0
DL-Methionine 3.8 3.8 3.8
L-Lysine·HCl 2.9 2.9 2.9
L-Threonine 1.1 1.1 1.1
Chromic oxide premix2 25.0 25.0 25.0
Phytase premix3 0 0 40
Total 1000.0 1000.0 1000.0

Calculated nutrients and energy, g/kg
CP 225.3 225.3 225.3
ME, kcal/kg 3222.5 3228.8 3228.8
Ca 9.0 9.0 9.0
P 6.5 4.5 4.5
Non-phytate P 4.0 2.0 2.0

Analyzed nutrients, g/kg
DM 890 884 887
Ca 13 12.5 12.6
Total P 6.4 4.8 4.8
Phytate P 2.7 2.8 2.6
Phytase activity, FYT/kg <100 <100 2210

1Supplied the following quantities per kg of diet: vitamin A, 5,484
IU; vitamin D3, 2,643 ICU; vitamin E, 11 IU; menadione sodium bisul-
fite,4.38 mg; riboflavin, 5.49 mg; D-pantothenic acid, 11 mg; niacin,
44.1 mg; choline chloride, 771 mg; vitamin B12, 13.2 μg; biotin, 55.2 μg;
thiamine mononitrate, 2.2 mg; folic acid, 990 μg; pyridoxine hydrochlo-
ride, 3.3 mg; I, 1.11 mg; Mn, 66.06 mg; Cu, 4.44 mg; Fe, 44.1 mg; Zn,
44.1 mg; Se, 300 μg.

2Prepared as 1 g chromic oxide added to 4 g corn.
3Prepared with ground corn to contain 50 FYT per g corn.
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Sample Collection and Chemical Analyses

Initial BW of birds was recorded at the start of each
feeding length, while feed consumption and final BW
were collected at the end of each period. Excreta were
collected twice daily from each cage on the final day of
the experimental periods (i.e., days 14 and 22). Exc-
reta were oven dried at 55◦C for 5 D, ground, and
stored for further analyses. On days 14 and 22 post-
hatching, birds in 2 groups respectively were eutha-
nized by CO2 asphyxiation and blood samples were
collected by cardiac puncture from the median BW
bird in each cage into heparinized tubes. Plasma was
obtained by centrifuging blood samples at 3,000 x g
for 15 min at 4◦C (Jiang et al., 2013) and stored at
−80◦C until further analyses. Ileal digesta was col-
lected from the distal two-thirds of the ileum of all
birds, flushed into plastic containers, pooled per cage,
and stored at −20◦C until freeze dried. Dried sam-
ples were ground with a ZM 100 grinder (Retsch ZM
100, GmbH, Haan, Germany) and passed through a
0.5 mm screen. The left tibia bone was collected from
4 birds with weights closest to the median weight per
cage. Bone ash was determined from collected bones
in a process previously described by Ogunwole et al.
(2017). Dry matter (DM) was determined by plac-
ing samples in a drying oven at 105◦C for 24 h (The
Precision Scientific Co., Chicago, IL; method 934.01;
AOAC International, 2000). Chromium (Cr) concen-
tration was determined in the diet, ileal digesta, and
excreta samples following a wet-ash digestion as previ-
ously described by Fenton and Fenton (1979). Phospho-
rus concentration was determined from digested sam-
ples by spectrophotometry, with absorbance read at
450 nm (Spectronic 21D; Milton Roy Co., Rochester,
NY). Calcium concentrations in samples were deter-
mined by flame atomic absorption spectroscopy us-
ing a Varian Spectr.AA 220FS (Varian Australia Pty
Ltd., Victoria, Australia; Iyayi et al., 2013). Phytase
activity was estimated using methods described by
Engelen et al. (1994). Blood plasma was analyzed for
myo-inositol concentration by spectrophotometry using
an ADVIA 1650 chemistry system (Bayer diagnostic,
Puteaux, France).

Calculation and Statistical Analysis

Apparent ileal digestibility (AID) and TTR of P and
Ca in the diets was determined by the index method us-
ing the following equation (Dilger and Adeola, 2006):

AID or TTR (%) = 100 − [(CRI/CRO)

× (NO/NI)×100]

where CRI is the concentration of Cr in the diets, CRO
is the concentration of Cr in the excreta or ileal digesta,
NO is the nutrient concentration in the ileal digesta or

excreta, and NI is the nutrient concentration in the diet.
All values were expressed as grams per kilogram of DM.

Data were analyzed using the GLM procedure of SAS
as a 3 × 2 × 2 factorial arrangement of treatments con-
sisting 3 diets for 2 feeding periods (2 or 5 D) at 2 ages
(days 14 or 22 post-hatching), with cage as the experi-
mental unit. Statistical significance was set at P ≤ 0.05.
Contrast of PC vs. NC and NC vs. NC + 2,000 phy-
tase units/kg diets were used to examine the effect of
responses of different levels of nPP and phytase, respec-
tively. The effect of age regardless of feeding length was
examined using contrast within birds fed for the same
length at different ages i.e., birds fed for 2 D at days 14
or 22 (i.e., days 12 to 14 vs. 20 to 22 post-hatching) and
birds fed for 5 D at days 14 or 22 (i.e., days 9 to 14 vs.
17 to 22 post-hatching). The effect of feeding length re-
gardless of diets was examined by comparing responses
of birds fed for 2 or 5 D at day 14 (i.e., days 12 to 14 vs.
9 to 14 post-hatching) and 22 (i.e., days 20 to 22 vs.
17 to 22 post-hatching), respectively. Phytase efficacy
was calculated by subtracting the nutrient digestibility
of birds fed the NC diet from the digestibility of birds
fed the 2,000 FYT/kg phytase supplemented diet. Data
was analyzed using the GLM procedure of SAS, orthog-
onal contrast were used to analyze the effect of age and
feeding length on the phytase efficacy.

RESULTS

Nutrient analyses and phytase activity in diets
(Table 1) were within acceptable ranges when sampling
and analysis variations were considered. Although, an-
alyzed Ca concentration in the diets were higher than
the formulated concentration. This may be a result of
limestone being used as a filler in mineral and vitamin
premixes or as a flow agent in soybean meal. Phytase
activity in diets were analyzed at below 100 units/kg
for the PC and NC diets and 2,210 units/kg for the NC
diet supplemented with phytase at 2,000 FYT/kg.

Growth performance data are presented in Table 2.
Growth performance responses of birds fed the NC diet
were lower (P < 0.01) than birds fed the PC diet.
The effect of diets on BW gain (BWG) were lower
in birds fed for a short period of 2 D as compared with
birds fed the experimental diets for 5 D regardless of
the age of the birds thus, resulting in a diet x feed-
ing length interaction (P < 0.01). Birds fed the exper-
imental diets for 2 or 5 D to day 22 had an increased
BWG as compared with birds fed for the same period to
day 14, resulting in an age x feeding length interaction
(P < 0.01). The BWG of birds fed the NC diet for 2 D
were lower (P < 0.01) than birds fed the PC diet for the
same length at days 14 and 22 (by 18 and 11%, respec-
tively). Similarly, BWG of birds fed the NC diet for 5 D
until days 14 and 22 were lower (P < 0.01) than birds
fed the PC for the same period at both ages (by 14 and
17%, respectively). The BWG of birds fed the NC sup-
plemented with phytase at 2,000 FYT/kg was increased
(P < 0.01) across all the ages and feeding lengths when
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Table 2. Effect of phytase, age, and feeding length on growth performance and tibia ash percentage in broiler chickens

Age, D
Feeding

length, day Diet1
Final

BW (g)
BW gain,

g/bird
Feed intake,

g/bird
G:F,
g/kg

Tibia ash,
%

Number of
replicates

14 2 (days 12 to 14) PC 442 103 133 770 47.7 8
14 2 (days 12 to 14) NC 424 84 122 689 45.2 8
14 2 (days 12 to 14) 2,000 437 97 128 762 46.7 8
14 5 (days 9 to 14) PC 456 233 285 816 46.2 8
14 5 (days 9 to 14) NC 423 200 268 741 41.3 8
14 5 (days 9 to 14) 2,000 446 223 276 808 46.0 8
22 2 (days 20 to 22) PC 993 143 217 659 50.9 8
22 2 (days 20 to 22) NC 976 127 211 599 48.7 8
22 2 (days 20 to 22) 2,000 991 142 210 676 50.0 8
22 5 (days 17 to 22) PC 1,013 376 529 711 50.9 8
22 5 (days 17 to 22) NC 957 313 491 639 46.2 8
22 5 (days 17 to 22) 2,000 996 358 501 715 49.5 8

PC 726 214 291 739 49 32
NC 695 180 273 667 45 32

2,000 718 205 279 740 48 32
14 438 157 202 764 46 48
22 988 243 360 666 49 48

2 710 116 170 692 48 48
5 715 284 392 738 47 48
2 PC 718 123 175 714 49 16
2 NC 700 105 167 644 47 16
2 2,000 714 119 169 719 48 16
5 PC 734 304 407 764 49 16
5 NC 690 256 380 690 44 16
5 2,000 721 291 389 761 48 16

14 2 434 95 128 740 47 24
14 5 442 219 276 789 44 24
22 2 986 137 213 644 50 24
22 5 989 349 507 688 49 24

P values
Diet <0.01 <0.01 <0.01 <0.01 <0.01
Age <0.01 <0.01 <0.01 <0.01 <0.01
Feeding length 0.29 <0.01 <0.01 <0.01 <0.01
Diet × Age 0.57 0.25 0.33 0.77 0.72
Diet × Feeding length 0.06 <0.01 0.05 0.96 0.02
Age × Feeding Length 0.56 <0.01 <0.01 0.83 0.22
Diet × Age × Feeding length 0.56 0.22 0.21 0.94 0.80
PC vs. NC <0.01 <0.01 <0.01 <0.01 <0.01
NC vs. 2,000 <0.01 <0.01 0.14 <0.01 <0.01
Days 12 to 14 vs. 9 to 14 0.25 <0.01 <0.01 <0.01 <0.01
Days 20 to 22 vs. 17 to 22 0.73 <0.01 <0.01 <0.01 0.09
Days 12 to 14 vs. 20 to 22 <0.01 <0.01 <0.01 <0.01 <0.01
Days 9 to 14 vs. 17 to 22 <0.01 <0.01 <0.01 <0.01 <0.01

1PC = positive control; NC = negative control; 2,000 = NC + 2,000 phytase units/kg; G:F = gain to feed ratio.

compared with birds fed the NC diet. Age effect was
evaluated by comparing responses of birds fed for the
same length at different ages (i.e., 2 D feeding length
at days 14 and 22 or 5 D feeding length at days 14 and
22), while feeding length effect was evaluated by com-
paring responses of birds fed for different lengths at the
same age (i.e., 2 and 5 D feeding length at day 14 or at
day 22). Results of age effect on BWG when comparing
birds fed the phytase supplemented NC diets and the
NC diets revealed that birds fed for 2 or 5 D at day
14 had lower improvements in BWG as compared with
birds fed for the same period at day 22, respectively.
Birds fed for a longer period at both ages had a greater
improvement in BWG with phytase supplementation as
compared with birds fed for a shorter period when feed-
ing length effect was considered. Similarly, birds fed the
NC diet across all age and feeding length had reduced
(Table 2; P < 0.01) feed intake and feed efficiency when
compared to birds fed the PC diet. Further, birds fed

the phytase supplemented diets had improved feed in-
take and efficiency when compared with birds fed the
NC diet. Birds at day 14 had decreased (P < 0.01) feed
intake but increased (P < 0.01) feed efficiency com-
pared with birds at day 22 with increased (P < 0.01)
feed intake and decreased (P < 0.01) feed efficiency.

Birds fed the P deficient NC diet had reduced (P <
0.01) tibia ash when compared to birds fed the PC diet
across all the feeding length and age groups (Table 2).
However, this decline in tibia ash was more apparent
in birds fed for 5 D at days 14 and 22 (4.9 and 4.7%,
respectively) than in birds fed for 2 D at the same ages
(2.5 and 1.5%, respectively) resulting in a diet x feed-
ing length interaction (P < 0.01). With phytase sup-
plementation, birds had improved (P < 0.01) tibia ash
when compared with birds fed the NC diet. Birds fed
the phytase diet for 2 D at day 14 had a 1.5 percentage
point improvement in tibia ash as compared with birds
fed the NC diet for the same period. Similarly, birds
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Table 3. Effect of phytase, age, and feeding length on nutrient digestibility and retention responses of broiler chickens

Age, D
Feeding

length, day Diet2
AID1

DM, %
AID
P, %

AID
Ca, %

TTR1

DM, %
TTR
P, %

TTR
Ca, %

Number of
replicates

14 2 (days 12 to 14) PC 72.0 56.0 58.2 66.5 50.1 44.7 8
14 2 (days 12 to 14) NC 70.0 45.7 46.0 65.8 35.1 27.0 8
14 2 (days 12 to 14) 2,000 71.3 69.6 62.9 69.3 58.2 42.6 8
14 5 (days 9 to 14) PC 70.2 55.0 59.6 70.0 54.9 45.0 8
14 5 (days 9 to 14) NC 69.2 47.3 52.3 69.5 46.4 24.4 8
14 5 (days 9 to 14) 2,000 71.2 65.2 62.7 70.3 63.0 36.9 8
22 2 (days 20 to 22) PC 70.7 54.4 50.4 69.6 48.9 46.2 8
22 2 (days 20 to 22) NC 69.7 48.5 44.7 69.6 37.5 28.6 8
22 2 (days 20 to 22) 2,000 72.0 67.3 54.5 71.3 58.3 45.0 8
22 5 (days 17 to 22) PC 71.1 58.3 57.5 71.4 51.8 45.5 8
22 5 (days 17 to 22) NC 70.2 48.8 49.0 71.3 43.7 29.0 8
22 5 (days 17 to 22) 2,000 72.8 66.4 56.1 73.2 63.5 40.2 8

PC 71.0 55.9 56.4 69.40 51.4 45.4 32
NC 69.8 47.5 48.0 69.1 40.6 27.2 32

2,000 71.8 67.1 59.0 71.0 60.8 41.1 32
14 70.6 56.4 57.0 68.6 51.3 36.7 48
22 71.1 57.3 52.0 71.1 50.6 39.1 48

2 71.0 57.0 52.8 68.7 48.0 39.0 48
5 70.8 56.8 56.2 71.0 53.9 36.8 48

14 2 71.1 57.1 55.7 67.2 47.8 38.1 24
14 5 70.1 55.8 58.2 70.0 54.8 35.4 24
22 2 70.8 56.7 49.9 70.2 48.2 40.0 24
22 5 71.3 57.8 54.2 72.0 53.0 38.2 24

P values
Diet <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Age 0.25 0.51 <0.01 <0.01 0.47 0.17
Feeding Length 0.66 0.95 0.04 <0.01 <0.01 0.20
Diet × Age 0.39 0.68 0.43 0.90 0.51 0.86
Diet × Feeding length 0.60 0.34 0.47 0.54 0.07 0.45
Age × Feeding length 0.06 0.34 0.57 0.37 0.23 0.77
Diet × Age × Feeding length 0.81 0.66 0.62 0.46 0.47 0.89
PC vs. NC 0.01 <0.01 <0.01 0.63 <0.01 <0.01
NC vs. 2,000 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Days 12 to 14 vs. 9 to 14 0.11 0.47 0.27 <0.01 <0.01 0.27
Days 20 to 22 vs. 17 to 22 0.31 0.52 0.06 0.02 <0.01 0.48
Days 12 to 14 vs. 20 to 22 0.61 0.83 0.01 <0.01 0.73 0.44
Days 9 to 14 vs. 17 to 22 0.04 0.26 0.08 <0.01 0.18 0.24

1AID = apparent ileal digestibility; TTR = total tract retention; DM = dry matter; P = phosphorus; Ca = calcium.
2PC = positive control; NC = negative control; 2,000 = NC + 2,000 phytase units/kg.

fed the phytase diet for 5 D until day 14 had 4.7 per-
centage point improvement in tibia ash when compared
to birds fed the NC diet. Birds fed the phytase supple-
mented diet for 2 and 5 D until day 22 had a 1.3 and 3.3
percentage point improvement in tibia ash as compared
to birds fed the NC diet for the same period. Thus, the
phytase induced improvements in tibia ash were more
apparent at day 14 than at day 22 when both feeding
lengths were considered.

Nutrient digestibility and retention responses of birds
to diets are presented in Table 3. The AID of P in birds
fed the NC diet were lower (P < 0.01) when compared
with birds fed the PC diet across all age and feeding
length groups. In birds fed the NC for 2 D until day 14,
a 10% decrease in AID of P was observed when com-
pared with birds fed the PC, while in birds fed the NC
for 5 D until day 14, a 7.7% decrease in P digestibil-
ity was observed. Similarly, birds fed the NC diet for
2 D until day 22 had a 6% decrease in P digestibility
as compared with birds fed the PC diet while birds fed
the NC diet for 5 D until day 22 had a 9.5% decrease
in P digestibility. The effect of age on the impact of

the low P diet on birds was observed when comparing
the P digestibility of birds fed the PC and the NC at
days 14 and 22. Birds fed for 2 D until day 14 had an
increased effect of the NC diet as compared with birds
fed for 2 D until day 22. However, birds fed for 5 D until
day 22 had an increased effect of the NC than birds fed
for 5 D until day 14. The feeding length effect on the
impact of the NC on birds was evaluated by comparing
the P digestibility of birds fed for the same length un-
til days 14 and 22. Thus, comparing birds fed the NC
for 2 and 5 D until days 14 or 22 revealed that birds
fed for 2 D at day 14 had an increased impact on P
digestibility than birds fed for 5 D while on day 22, the
opposite was observed. Birds fed the phytase supple-
mented diets had improved (P < 0.01) P digestibility
above birds fed the PC or NC diets. Birds fed the phy-
tase diet for 2 D at days 14 and 22 had a 24 and 19%
improvement in P digestibility over birds fed the NC
diets for that same period. Meanwhile, birds fed the
phytase diet for 5 D at days 14 and 22 had approxi-
mately a 19% improvement in P digestibility over birds
fed the NC at the same period. Birds fed the NC diets
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Table 4. Effect of age and feeding length on phytase efficacy in mineral utilization and tibia ash of broiler chickens1

Age, D
Feeding

length, day
AID2 P,

%
AID Ca,

%
TTR2

P, %
TTR
Ca, %

Tibia
Ash, %

Number of
replicates

14 2 (Days 12 to 14) 23.94 16.87 23.15 15.57 1.5 8
14 5 (Days 9 to 14) 17.95 10.32 16.68 12.49 4.8 8
22 2 (days 20 to 22) 18.85 9.84 20.89 16.34 1.3 8
22 5 (Days 17 to 22) 17.67 7.09 19.85 11.25 3.4 8
14 20.95 13.60 19.92 14.03 3.1 16
22 18.26 8.46 20.37 13.79 2.3 16

2 21.40 13.35 22.02 15.95 1.4 16
5 17.81 8.71 18.27 11.87 4.1 16

P values
Age 0.41 0.10 0.82 0.96 0.45
Feeding length 0.27 0.14 0.06 0.37 0.02
Age × Feeding length 0.46 0.54 0.17 0.83 0.60
Days 12 to 14 vs. 9 to 14 0.19 0.14 0.02 0.63 0.04
Days 20 to 22 vs. 17 to 22 0.79 0.53 0.70 0.43 0.17
Days 12 to 14 vs. 20 to 22 0.27 0.11 0.41 0.91 0.87
Days 9 to 14 vs. 17 to 22 0.95 0.46 0.25 0.85 0.37

1Data were obtained by subtracting responses of birds on NC diet from responses of birds on
NC + 2,000 FYT/kg phytase supplemented diets in each of 8 blocks of cages.
2AID = apparent ileal digestibility, TTR = total tract retention.
3Phytase 2,000 = NC + 2,000 phytase units/kg.

had decreased (P < 0.01) P retention, ileal digestibility,
and TTR of Ca when compared with birds fed the PC
diets across all the periods. Phytase supplementation
improved the AID of Ca and TTR of P and Ca in birds
across all age and feeding length groups when compared
with birds fed the NC diets. There was an age and feed-
ing length effect on AID of Ca as birds at day 14 had
increased (P < 0.01) Ca digestibility as compared with
birds at day 22 regardless of feeding length while birds
fed for 5 D had increased (P < 0.05) Ca digestibility
as compared with birds fed for 2 D regardless of age.
There was no age or feeding length effect on the TTR
of Ca. There was no age or feeding length effect on P
digestibility however, there was a feeding length effect
on TTR of P with birds fed for 2 D having a lower
(P < 0.01) P retention than birds fed for 5 D regard-
less of age. Phytase efficacy was determined by sub-
tracting responses of birds fed the NC diet from birds
fed the phytase supplemented NC diet and results are
presented in Table 4. There was no significant effect of
age or feeding length on phytase efficacy when P and Ca
digestibility and retention were considered. However, in
birds fed diet supplemented with phytase for 2 D, the
magnitude of improvement in P digestibility was higher
in birds fed until day 14 than in birds fed until day 22.
A similar trend was observed in birds fed for 5 D until
days 14 and 22. Birds fed for 2 D at both ages had an
increased effect of phytase on P digestibility than birds
fed for 5 D at both ages. There was no impact of age
but there was a feeding length effect on phytase efficacy
in tibia ash (Table 4) with birds fed the phytase sup-
plemented NC diet for 5 D having an increased (P <
0.01) improvement of phytase on tibia ash as compared
with birds fed for 2 D regardless of age. However, phy-
tase was more efficacious on tibia ash in birds fed for
5 D until day 14 considering an increased (P < 0.05)
improvement in tibia ash when compared with birds
fed for 2 D until day 14. Plasma myo-inositol levels in

Figure 1. Plasma Myo-inositol (MYO) concentrations of broiler
chickens fed PC (positive control), NC (negative control), and phytase
(2,000 FTY/kg) supplemented NC diet. Panel A represents age day 14
when fed for 2 or 5 D from days 12 to 14 or days 9 to 14 of age. Panel
B represents age 22 D when fed 2 or 5 D from days 20 to 22 or days
17 to 22. Each point represents a mean of 8 observations.

birds fed the phytase supplemented diets until day 14
were higher (P < 0.05) than birds fed the NC diet for
the same period. However, birds fed the phytase sup-
plemented diets for 5 D had a higher concentration of
inositol as compared with birds fed for 2 D (Figure 1A).
Similarly, birds fed the phytase diets for 2 or 5 D until
day 22 had a higher inositol concentration as compared
with birds fed the NC diet for the same period until
day 22 (Figure 1B).
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DISCUSSION

Phytase supplementation in broiler nutrition has
been known to improve growth performance, nutrient
and mineral utilization, bone mineralization, and the
general well-being of birds, and this has been estab-
lished by various studies over time (Broz et al., 1994;
Dilger et al., 2004; Olukosi et al., 2013). The current
study was not an exception to this trend as improve-
ments in growth performance, mineral utilization, and
bone mineralization were observed with phytase sup-
plementation. However, the study aimed to evaluate
the impact of age and feeding length on phytase effi-
cacy. This was important because it has been estab-
lished that age has an influence on the utilization of
nutrients by broilers (Tarvid, 1995). Some studies have
reported that birds in the first 2 wk of life have in-
creased energy and protein digestibility and utilization
as compared with older birds due to the rapid growth
of organs and tissues associated with this period (Batal
and Parsons, 2002; Huang et al., 2005). Other studies
have reported an increase in digestibility of nutrients
with increasing age (Noy and Sklan, 1995; Sell, 1996).
Feeding length has been observed to have an impact
on P digestibility and retention. Li et al. (2018) re-
ported that the effect of feeding low P diets to birds for
greater than 48 h could potentially confound results of
P digestibility as physiological adaptations could occur
in birds. Following up on a previous study in our lab,
feeding P deficient diets to birds for 2 or 5 D had the
greatest impact on P digestibility and phytase efficacy
as compared with feeding for a longer period of 16 D
(Babatunde et al., 2019). However, the study design was
not suitable to determine whether feeding for a short
period would have the same effect on phytase efficacy
at different time point in the starter phase of chickens.
Therefore, this current study evaluated the age effect on
phytase efficacy by comparing responses of birds fed for
2 D at days 14 and 22 and for 5 D at days 14 and 22. It
also evaluated the feeding length effect on phytase effi-
cacy by comparing responses for birds fed for 2 and 5 D
at days 14 and at 22. Phytase efficacy was determined
by subtracting responses of birds fed the NC from re-
sponses of birds fed the phytase supplemented NC diet
at each feeding length and age. Similarly, the effect of
age and/or feeding length on P deficiency in birds were
evaluated by comparing responses of birds fed the PC
and NC diets at the different ages and feeding lengths.

Birds fed the P deficient diet had lower weight gain,
feed intake, and feed efficiency as compared with birds
fed the PC diet across all the ages and feeding lengths.
This observation suggests that P was a limiting nutri-
ent in the diet and supports observations by previous
studies where broilers fed low P diets had decreased
growth performance (Adeola and Walk, 2013; Dilger
et al., 2004). However, the effect of the low P diet on
BWG was more evident in birds fed for 2 D at day 14
than in birds fed for 5 D at this same age. This could
be because an exposure to P deficiency for a short pe-

riod and at a critical point in the lifecycle of the birds,
characterized by the rapid growth of organs and tissues
may be more detrimental than P deficiency of a longer
duration. It is possible that birds may adapt to low P
conditions over time (Proszkowiec-weglarz and Angel,
2013), this could explain why the impact on BWG after
feeding for 5 D at day 14 was not as severe as feeding
for 2 D. On the contrary, birds fed for 5 D at day 22
had a more severe effect of P deficiency on BWG than
birds fed for 2 D. This could be due to birds being well
developed at this phase. Thus, a short exposure to P
deficiency may not be as severe as a longer exposure.
This observation could be feed intake driven as the ef-
fect of the low P diet on feed intake was higher in birds
fed for 5 D than in birds fed for 2 D at day 22. Phy-
tase supplementation improved BWG, feed intake, and
efficiency across all groups. However, when age effect
was considered at both feeding lengths, birds at day
22 had an increased improvement with phytase supple-
mentation than birds at day 14. This may be feed intake
driven as birds at this age will consume more diet than
birds at day 14, resulting in more muscle development
and weight gain. When feeding length effect was con-
sidered, birds fed the phytase supplemented diet for 5
D at both ages had increased weight gain than birds fed
for 2 D at both ages, this was probably due to increased
feed intake over a longer period.

Tibia ash was reduced in birds fed low P diets and
increased in birds fed phytase supplemented low P di-
ets. This was predictable as previous studies have ob-
served this trend (Jiang et al., 2013; Onyango et al.,
2004). Although no significant age effect was observed
on phytase efficacy on tibia ash, a feeding length effect
was observed where birds fed phytase supplemented di-
ets for 5 D at both ages had increased improvement in
tibia ash than birds fed for 2 D. This could be due to
the fact that P and Ca constitute approximately 99%
of bones in the body, thus, the longer the exposure of
birds to P deficient diets, the greater the negative im-
pact on tibia ash. Consequently, feeding phytase sup-
plemented diets to birds for a longer period will ame-
liorate the impact of the low P diet on tibia ash given
that there is more room for improvement. Birds at day
14 had a slightly higher phytase induced improvement
on tibia ash than birds at day 22 regardless of the feed-
ing length, this may be because birds at this phase are
rapidly depositing hydroxyapatite on bones to increase
its strength and to support their weight as they grow
older (Dilger et al., 2004). Birds fed the P deficient diet
had decreased P digestibility in accordance with obser-
vations from previous studies (Plumstead et al., 2008;
Ravindran et al., 2006). Evaluating the age effect of P
deficiency on P digestibility revealed that birds fed the
NC for 2 D at day 14 had an increased reduction in
AID of P when compared with birds fed for 2 D at day
22. This may be because birds at day 14 may be more
sensitive to changes in dietary P than birds at day 22.
Birds at day 22 had also been exposed to a commer-
cial diet until day 20 and so a change in dietary P for
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2 D may not cause a severe decrease in P digestibil-
ity. Similarly, phytase improved P digestibility more so
in birds fed for 2 D at day 14 than birds at day 22,
thus showing that phytase was more efficacious at day
14. Considering feeding length effect, birds fed P defi-
cient diets for 2 D at day 14 and 22 had lower P di-
gestibility than birds fed for 5 D at both ages. This ob-
servation agreed with the previous study from our lab
(Babatunde et al., 2019) and other studies which re-
vealed that feeding low P diet for more than 48 h could
potentially confound results obtained from P digestibil-
ity. This is because adaptive changes may be stimulated
in the gastro-intestinal tracts of birds to maintain P
homeostasis (Li et al., 2015; Perryman et al., 2016). Cal-
cium has been known to interact with phytate present
in cereal and oilseed grains by forming complexes with
phytate and preventing its hydrolysis and release to the
animal (Plumstead et al., 2008). Invariably, addition of
phytase to the diet breaks this complex bond and re-
leases Ca for use by the animal. This explains why Ca
digestibility and retention were improved in birds fed
diet with phytase supplementation and in agreement
with previous studies (Adeola and Walk, 2013; Paiva
et al., 2014). A similar pattern with P utilization was
observed when age and feeding length effect on phy-
tase efficacy on Ca utilization were evaluated. Plasma
myo-inositol levels were increased in birds fed phytase
supplemented diets and this was similar with observa-
tions reported by Cowieson et al., (2015). This is be-
cause phytase hydrolyzes phytic acid into inositol and
orthophosphate in the digestive tract (Perryman et al.,
2016). Inositol which is absorbed into the blood, may
be responsible for some of the benefits of phytase on
growth performance, as it has recently been discovered
to have insulin mimetic properties that stimulates the
translocation of glucose transporters (GLUT4) to the
plasma membranes of the small intestine (Cowieson et
al., 2017).

In conclusion, we observed that broiler chickens may
be more sensitive to P deficiency when fed for 2 D or at
an earlier stage in the starter phase, invariably giving
phytase an added opportunity to improve performance
in birds. It is possible that phytase recovery is reduced
in birds that are fed P deficient diets supplemented with
phytase over a longer period. Thus, considering current
practices, varying the length of phytase supplementa-
tion during the starter phase may prove more beneficial
to phytase recovery with regards to P and Ca utiliza-
tion. This knowledge may also prove useful during the
grower or finisher phases of broiler production; however,
more data might be needed to establish this notion. We
can also recommend based on results from this study
that phytase trials in broilers could be carried out for
2 D during the end of the second week in the lifecy-
cle of broiler chickens for maximum sensitivity. Feed-
ing broiler chickens for 2 D or during the second week
in their lifecycle could potentially serve as a model for
carrying out preliminary tests with phytase products or
other feed additives. It is also possible that this model

could be used to test the sensitivity of broiler chickens
to deficiencies of other nutrients including amino acids,
vitamins, or other minerals. However, more studies may
be needed to assert this possibility.
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