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PAPER

Effects of dietary total phosphorus concentration and casein
supplementation on the determination of true phosphorus digestibility for
broiler chickens

Farzana Abbasia, Jingbo Liua,b, Hongfu Zhangb, Xiaoyun Shena,c and Xuegang Luoa

aSchool of Life Science and Engineering, Southwest University of Science and Technology, Mianyang, Sichuan, China; bInstitute of
Animal Sciences, Chinese Academy of Agricultural Sciences, Beijing, Hebei, China; cState Engineering Technology Institute for Karst
Desertification Control, Guizhou Normal University, Guiyang, Guizhou, China

ABSTRACT
A study was conducted to compare the regression-driven estimates of true precaecal digestibility
(TPD) of phosphorus (P) in soybean meal (SBM) for broiler chickens fed diets with or without
casein supplementation at moderate or low total P concentration. A total of 768 male Ross 308
broilers were allocated to 12 diets in a 2� 2� 3 factorial arrangement of two total P concentra-
tion (moderate-P or low-P), two diet types (with or without casein) and three SBM levels (low,
medium or high). There were 8 chicks per cage and 8 replicate cages per treatment group in a
randomised complete block design. The birds were fed experimental diets form d 14 to 21 post-
hatching. Chromic dioxide was used as an indigestible marker. The results showed that dietary
casein supplementation improved body weight (BW) gain, feed intake and feed efficiency of
broilers (p< .01). Broilers fed the moderate-P diets had greater dietary total P intake, precaecal
flow and total tract output of P, precaecal digested P, and total tract retained P compared with
birds fed the low-P diets (p< .01). Dietary casein supplementation increased precaecal digested
P, total tract retained P, apparent precaecal digestibility (APD) and total tract retention (TTR) of P
(p< .01). Broilers fed the moderate-P diets had a linear decrease in the APD and TTR of P with
increasing SBM levels (p< .01). Precaecal digested P and total tract retained P increased with
graded inclusion of SBM levels (linear, p< .01). Regression of precaecal digested P against dietary
P intake showed that chicks fed the moderate-P diets had lower estimates of TPD of P in SBM
than that for chicks fed the low-P diets (p< .05), while dietary casein supplementation had no
effects on the determined values of TPD of P. In conclusion, the regression-driven true phos-
phorus digestibility in assay feed ingredients for broiler chickens was affected by dietary total P
concentration.
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Introduction

Utilisation of phosphorus (P) in plant feedstuffs by
poultry has been extensively investigated in previous
experiments and the values of P digestibility vary
between and within laboratories (Weremko et al. 1997;
Dilger and Adeola 2006; Selle et al. 2009; Liu et al.
2013; Mutucumarana et al. 2015). This inconsistency
may be attributed to differences in the methodologies
used to calculate P digestibility (Rodehutscord 2009;
Selle et al. 2009). To avoid the variability caused by
the methodologies, the Nutrition Working Group of
the European Federation of Branches of World’s
Poultry Science Association recommends that the
regression method determined true precaecal

digestibility (TPD) should be employed as a standard
criterion to determine P availability (WPSA 2013).
However, the composition of test diets proposed by
WPSA (2013) is different with traditional experimental
diets used in the regression approach suggested by
Dilger and Adeola (2006). The assay feed ingredient
was the sole source of dietary protein and P in trad-
itional experimental diets when the regression method
was applied to determine true P digestibility (Fan
et al. 2001; Shen et al. 2002; Dilger and Adeola 2006).
In contrast, highly digestible feedstuffs, such as casein
and dried egg albumen, were included in test diets
proposed by WPSA (2013), Liu et al. (2014),
Mutucumarana et al. (2015) and Liu and Adeola (2016).
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The inclusion of casein or dried egg albumen in
experimental diets was to improve the growth per-
formance and utilisation of protein in broiler chickens,
which was associated with precaecal digestion of P
(Xue et al. 2016). It is noteworthy that the effects of
dietary supplementation of highly digestible feedstuffs
on the regression-driven TPD of P in soybean meal
(SBM) were inconsistent among previous studies (Liu
et al. 2014; Mutucumarana et al. 2015). In the study of
Liu et al. (2014), there were no effects of dietary casein
supplementation on the estimation of TPD of P in SBM
for birds fed diets containing total P from 1.28 to
2.55 g/kg. However, dietary addition of dried egg albu-
men decreased the determined values of TPD of P in
SBM for broilers fed diets at total P levels from 2.77 to
4.82 g/kg (Mutucumarana et al. 2015). Dietary concen-
tration of P in experimental diets should be formu-
lated below the requirement of broiler chickens when
the regression approach was employed to determine
true P digestibility because high levels of dietary total
P depressed the digestibility of P (Selle et al. 2009;
Shastak et al. 2014). The discrepancy in the effects of
dietary supplementation of highly digestible feedstuffs
on the determination of TPD of P in SBM might be
caused by differences in dietary total P concentration
between the study of Liu et al. (2014) and
Mutucumarana et al. (2015).

Therefore, it is hypothesised that the effects of diet-
ary casein supplementation on the estimation of TPD
of P in assay feed ingredients would be affected by
dietary total P concentration. The objective of the pre-
sent study was to compare the estimates of TPD of P
in SBM for broiler chickens fed diets with or without
casein supplementation at moderate or low total P
concentration.

Materials and methods

This experiment was conducted in accordance with
the Chinese guidelines for animal welfare and all
experimental procedures were approved by the
Southwest University of Science and Technology Ethics
Committee.

Birds, diets and sample collection

A total of 768 male broiler chicks (Ross 308) were fed
a commercial broiler starter diet (CP: 23%, Ca: 1.0%,
non-phytate P: 0.5%, without coccidiostat and enzyme
supplementation) in cages in an environmentally con-
trolled room from d 1 to 14 post-hatching. Birds
had free access to feed and water during the

experimental period. On d 14 post-hatching, all chicks
were weighed individually, grouped into 8 blocks by
BW and randomly assigned to one of the 12 diets in
each block with 8 chicks per cage in a randomised
complete block design. All chicks received one of the
12 experimental diets from d 14 to 21 post-hatching.
The room temperatures were maintained at 35, 32 and
27 �C on d 1 to 7, d 8 to 14 and d 15 to 21 post-
hatching, respectively. There were 12 diets in a
2� 2� 3 factorial arrangement, which included 2 total
P levels (low or moderate), 2 diet types (with or with-
out casein) and 3 levels of SBM (low, medium or high).
The low-P diets and moderate-P diets were formulated
to contain dietary total P levels from 1.3 to 3.0 g/kg
and 2.3 to 4.0 g/kg, respectively. Casein was included
into the casein-supplemented diets at 50.0 g/kg on an
as-fed basis. Limestone was included in the diets to
keep a constant dietary Ca to P ratio at 1.2:1. Chromic
dioxide was incorporated into experimental diets as an
indigestible marker at 5.0 g/kg to calculate the digest-
ibility of P. The composition and nutrients levels of
experimental diets are shown in Table 1 and Table 2,
respectively. The individual BW of birds was recorded
on d 21 post-hatching to calculate BW gain, and feed
consumption of each cage was recorded from d 14 to
21 post-hatching.

Excreta samples of each cage were collected from d
19 to 20 post-hatching from pans placed underneath
the cages to calculate apparent total tract retention of
P. On d 21 post-hatching, all birds were euthanised by
carbon dioxide asphyxiation and precaecal digesta was
collected from the distal two-thirds of the ileum by
flushing the ileal content with deionised water.
Digesta samples from 8 chicks in each cage were
pooled into a plastic container. Excreta and precaecal
digesta samples were dried in a forced-draft oven at
55 �C for 5 d.

Chemical analyses

Diets, precaecal digesta and excreta samples were
ground through a 0.75-mm sieve before analyses. Dry
matter was measured by drying the samples at 105 �C
for 24 h in a drying oven. Nitrogen content in diets
was determined by the combustion method (AOAC
2006; 990.03) using the Leco CHNS-932 Analyzer (Leco
Corp., St. Joseph, MI). Diets, precaecal digesta and
excreta samples were digested in concentrated nitric
acid and 70% perchloric acid (AOAC 2006; 935.13)
before the determination of chromium, Ca and P con-
centrations. The concentration of chromium was esti-
mated by spectrophotometric reading of absorption at
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440 nm (AOAC 2006; 946.06; Pharmacia LKB Ultraspec
III, Cambridge, UK). Fiske-Subbarow reducer solution
and acid molybdate were incorporated into the
digested samples to determine the concentration of P
by spectrophotometric reading of absorption at
620 nm (AOAC 2006; 946.06; Pharmacia LKB Ultraspec
III, Cambridge, UK). Calcium content was determined
by flame atomic absorption spectrometry (AAnalyst
300, PerkinElmer, Norwalk, CT).

Calculations and statistical analyses

Apparent precaecal digestibility of DM and P was cal-
culated via the following equation:

APD; % ¼ 100–ðCrI=CrOÞ � ðNO=NIÞ � 100

where APD is the apparent precaecal digestibility of
DM or P; CrI is the chromium concentration in diets;
CrO is the chromium concentration in precaecal
digesta; NO is the DM or P concentration in precaecal
digesta; and NI is the concentration of DM or P in
diets. All analysed values were expressed as milligrams
per kilogram of DM.

Total tract retention of P was calculated by the fol-
lowing equation:

TTR; % ¼ 100–ðCrI=CrOÞ � ðPO=PIÞ � 100

where TTR is the total tract retention of P; CrI is the
chromium concentration in diets; CrO is the chromium
concentration in excreta; PO is the P concentration in
excreta output; and PI is the concentration of P in
diets. All analysed values were expressed as milligrams
per kilogram of DM.

Total P flow in precaecal digesta and total P output
in excreta, expressed as milligrams per kilogram of DM
intake (DMI), were calculated according to the follow-
ing equation:

PO�DMI; mg=kg ¼ PO�DMO � CrI=CrOð Þ
where PO-DMI and PO-DMO represent P flow or output

concentrations (in precaecal digesta or excreta) on a
DMI and DM output (DMO) basis, respectively; CrI is
the concentration of chromium in diets (mg/kg of
DM); and CrO is the chromium concentration in pre-
caecal digesta or excreta (mg/kg of DM).

Table 2. Analysed and calculated nutrient composition of experimental diets (as-fed basis).
Dietary total P Moderate-P diets Low-P diets

Casein Without casein With casein Without casein With casein

Soybean meal levels, g/kg 340 480 620 290 430 570 180 320 460 130 270 410

Calculated nutrients composition
Crude protein, g/kg 149 211 272 172 233 295 79 141 202 102 163 225
ME, MJ/kg 16.2 15.7 15.2 15.6 15.1 14.6 16.7 16.3 15.8 16.1 15.7 15.2
Ca, g/kg 2.8 3.8 4.8 2.8 3.8 4.8 1.6 2.6 3.7 1.6 2.6 3.7
Total P, g/kg 2.3 3.2 4.0 2.3 3.2 4.0 1.3 2.2 3.0 1.3 2.2 3.0

Analysed nutrients composition
Crude protein, g/kg 144 203 270 166 228 297 76 145 198 103 157 221
Ca, g/kg 2.4 4.3 4.2 3.0 3.6 5.3 1.9 2.9 3.3 1.5 2.3 3.9
Total P, g/kg 2.2 3.0 4.1 2.3 3.1 3.9 1.2 2.2 3.2 1.2 2.1 3.0

Table 1. Diet formulation of experimental diets (as-fed basis, g/kg).
Dietary total P Moderate-P diets Low-P diets

Casein Without casein With casein Without casein With casein

Soybean meal levels, g/kg 340 480 620 290 430 570 180 320 460 130 270 410

Soybean meal (44% CP) 340.0 480.0 620.0 290.0 430.0 570.0 180.0 320.0 460.0 130.0 270.0 410.0
Corn starch 354.6 213.2 71.9 354.4 213.0 71.6 516.2 374.8 233.4 516.0 374.6 233.2
Casein 0.0 0.0 0.0 50.0 50.0 50.0 0.0 0.0 0.0 50.0 50.0 50.0
Soybean oil 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Dextrose 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0
Salt 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Limestone 3.9 5.3 6.6 4.1 5.5 6.9 2.3 3.7 5.1 2.5 3.9 5.3
Chromic dioxide premixa 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Mineral–vitamin premixb 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Total 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
aPrepared as 1 g chromic dioxide mixed with 4 g of corn starch.
bProvided per kilogram diet: retinyl acetate, 688mg; cholecalciferol, 7.5lg; DL-a-tocopheryl acetate, 20mg; menadione, 0.52mg; thiamine, 4mg; niacin,
15mg; riboflavin, 4mg; pantothenic acid, 12mg; vitamin B12, 15 lg; pyridoxine, 2mg; D-biotin, 0.1mg; folic acid, 0.5mg; choline, 0.6 g; Fe (ferrous sul-
phate), 90mg; Mn (manganese oxide), 5mg; Cu (copper sulphate), 8 mg; I (potassium iodate), 0.20mg; Se (sodium selenite), 0.21mg; Zn (zinc sulphate),
90mg.
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Precaecal digested P or total tract retained P,
expressed as milligrams per kilogram of DMI, was cal-
culated via the following equation:

PD�DMI; mg=kg ¼ PI�DM–PO�DMI

where PD-DMI represents precaecal digested P or
total tract retained P on a DMI basis; PI-DM is the con-
centration of P in diets on a DM basis; and PO-DMI is P
flow or output concentrations (in precaecal digesta or
excreta) on a DMI basis.

In the present study, precaecal digested P was
regressed against dietary P intakes for birds fed diets
with or without casein supplementation at moderate
or low total P concentrations using the following
equation (Iyayi et al. 2013):

PD�DMI; mg=kg ¼ TPD� PI�DMð Þ–EPL
where PD-DMI represents precaecal digested P on a

DMI basis; TPD (%) represents true precaecal digestibil-
ity of P; PI-DM is the concentration of P in diets on a
DM basis; and EPL represents endogenous P loss (EPL)
in precaecal digesta on a DMI basis.

The data were analysed by the MIXED procedure of
SAS (SAS Inst. Inc., Cary, NC), and cage served as the
experimental unit for statistical analyses. The fixed
effects included dietary total P level (moderate or low
total P), diet type (with or without casein supplemen-
tation), SBM level (low, medium, or high), dietary total
P level�diet type, dietary total P level� SBM level,
diet type� SBM level and dietary total P level�diet
type� SBM level. The block was considered as a ran-
dom effect in this model. Orthogonal polynomial con-
trasts were used to determine the effects of graded
dietary SBM levels within each diet type at moderate
or low dietary total P concentration. Statistical signifi-
cance was considered at p� .05. The regression
method was used to determine the TPD of P in SBM
for diets with or without casein supplementation at
moderate or low dietary total P concentration. The
slope of the regression equation represents the TPD of
P. Regression coefficients were compared among birds
fed diets with or without casein supplementation at
moderate or low total P concentration using 95% con-
fidence intervals derived from the standard errors of
respective regression coefficients.

Results

Growth performance

Growth performance and DM digestibility of birds are
presented in Table 3. Dietary casein supplementation
increased BW gain, feed intake and feed efficiency

(p< .01). Chicks fed the moderate-P diets had greater
BW gain, feed intake and feed efficiency, but lower
precaecal DM digestibility than birds fed the low-P
diets (p< .01). There were linear increases in BW gain,
feed intake and feed efficiency with increasing SBM
level for birds fed diets with or without casein addition
at moderate or low total P concentration as dietary
SBM level increased (p< .01). The precaecal DM digest-
ibility was affected by the interactive effects of dietary
total P� SBM levels (p< .01). The precaecal digestibil-
ity of DM decreased (linear, p< .01) for birds fed the
moderate-P diets with increasing levels of SBM, while
there were no linear or quadratic effects of SBM levels
on precaecal DM digestibility for chicks fed the low-P
diets.

P digestibility and retention

Dietary total P intake and utilisation of P are presented
in Table 4 and Table 5. The precaecal flow of P, total
tract P output, precaecal digested P and total tract
retained P were affected by the interactive effects of
dietary total P� SBM levels (p< .01). Furthermore, the
precaecal digested P and total tract retained P were
affected by the interactive effects of dietary total
P� casein addition, and SBM level� casein addition
(p< .05). The precaecal flow of P, total tract P output,
precaecal digested P and total tract retained P
increased (linear, p< .01) for chicks fed the low-P diets
with graded levels of SBM. There were linear (p< .01)
and quadratic (p< .05) effects of increasing SBM levels
on precaecal flow and total tract output of P for birds
fed the moderate-P diets. Chickens fed the moderate-P
diets had greater precaecal flow of P, total tract P out-
put, precaecal digested P and total tract retained P
than that for birds fed the low-P diets (p< .01). Dietary
casein supplementation decreased precaecal flow of P
and total tract P output, and increased precaecal
digested P and total tract retained P (p< .01).

The APD and TTR of P are presented in Table 5. The
APD of P was affected by the interactive effects of
dietary total P� SBM level (p< .01), and casein
addition� SBM level (p< .05). With increasing inclusion
of SBM in diets, the APD of P decreased (linear,
p< .01) for birds fed the moderate-P diets without
casein supplementation. Linear (p< .01) and quadratic
(p< .05) responses to graded dietary SBM level in APD
of P were observed in chicks fed the moderate-P diets
with casein supplementation. There were no linear or
quadratic effects of SBM level on the APD of P for
birds fed the low-P diets. The TTR of P was affected by
the interactive effects of dietary total P� SBM level
(p< .05). The TTR of P had a linear decrease for
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chickens fed the moderate-P diets with graded inclu-
sion of SBM (p< .01). For chicks fed the low-P diets
with casein supplementation, there were linear and
quadratic decreases in the TTR of P with graded levels
of SBM (p< .05).

The values of TPD of P are shown in Table 6. The
TPD of P in SBM was determined to be 62.38 and
60.95% for chicks fed the moderate-P diets without
casein and with casein, respectively. For chicks fed the
low-P diets, the TPD of P in SBM was estimated to be
75.78 and 73.32% for diets without casein and with
casein, respectively. Broilers fed the moderate-P diets
had lower estimates of TPD of P than that for birds
fed the low-P diets (p< .05). There were no effects of
dietary casein supplementation on the determination
of TPD of P in SBM.

Discussion

The regression method has been proposed as a reli-
able approach to determine the true digestibility of P
in assay feed ingredients (Fan et al. 2001; Shen et al.
2002; Dilger and Adeola, 2006; Liu et al. 2014). It is
suggested that highly digestible feedstuffs should be
included in experimental diets to improve the growth
performance of chickens when the regression method
was used to estimate the true P digestibility in assay
feedstuffs (WPSA 2013). Therefore, the effects of diet-
ary supplementation of highly digestible feedstuffs,
such as casein and dried egg albumen, on the deter-
mination of TPD of P in test ingredients for birds
should be further investigated. The present study was
conducted to compare the regression-driven estimates
of true P digestibility in SBM for broiler chickens fed
diets with or without casein supplementation at mod-
erate or low concentration of total P. The results dem-
onstrated that increasing dietary P level decreased the
estimates of TPD of P in SBM, while the inclusion of
casein in diets had no effects on the determination of
TPD of P.

In the current study, birds fed the moderate-P diets
had greater feed intake, BW gain and feed efficiency
than chickens fed the low-P diets during the experi-
mental period. The increased growth performance can
be attributed to the increasing consumption of pro-
tein, energy and P from SBM. In addition, an improve-
ment in growth performance of chickens fed diets
with casein supplementation compared with birds fed
diets without casein addition was found. These obser-
vations agree with the results of Dilger and Adeola
(2006) and Liu et al. (2014), who reported that increas-
ing dietary levels of SBM and casein improved
the growth performance of broiler chickens.Ta
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Furthermore, the precaecal digestibility of DM
decreased with graded inclusion of SBM for birds fed
the moderate-P diets, regardless of casein addition.
This may be attributed to the replacement of highly
digestible corn starch with assay feed ingredients,
which has been reported in previous studies (Dilger
and Adeola 2006; Iyayi et al. 2013; Liu et al. 2013).
However, there were no linear or quadratic effects of
SBM levels on the precaecal digestibility of DM for
broilers fed the low-P diets, which is in agreement
with the study of Liu et al. (2014) using experimental
diets at low levels of SBM.

The moderate-P diets and low-P diets had dietary
total P levels from 2.3 to 4.0 g/kg and 1.3 to 3.0 g/kg,
respectively. The concentration of P in experimental
diets was lower than the requirements of P for broiler
chickens suggested by NRC (1994), which meet the
requirement for the use of the regression method to
calculate TPD of P in assay feed ingredients. With
increasing dietary SBM levels, the determined values
of APD of P in SBM decreased from 75.83 to 69.87%
and 80.05 to 72.31% for chicks fed the moderate-P
diets without and with casein inclusion, respectively.
The estimates of APD of P ranged from 71.54 to
74.21% and 81.36 to 76.56% for broilers fed the low-P
diets without and with casein inclusion as dietary SBM
level increased, respectively. The determined values of
APD of P in SBM for broilers fed diets without casein
were consistent with the results of Liu et al. (2014),
who reported that the estimates of APD of P varied
from 71.2 to 77.8%. These values were lower than the
estimates from 76.1 to 80.7% and 71.2 to 88.8%
reported by Mutucumarana et al. (2015) and Dilger
and Adeola (2006), respectively. The differences may
be due to a constant dietary Ca:P ratio of 1.2 used in
the study of Liu et al. (2014) and the present study is
greater than the Ca:P ratios of 0.7 and 0.8 used in
studies of Mutucumarana et al. (2015) and Dilger and
Adeola (2006), respectively. This is because of the P
digestibility in SBM decreased with increasing dietary

Ca: P ratios (Liu et al. 2013). Furthermore, the esti-
mated values of APD of P in diets for birds fed casein-
supplemented diets were consistent with the results of
Liu et al. (2013, 2014), who reported that the values of
APD of P in diets varied from 69.4 and 81.0% for birds
fed casein-supplemented diets at dietary Ca:P ratio of
1.2. The estimated values of APD of P in diets were
increased by dietary casein addition which is in agree-
ment with the study of Liu et al. (2014). This observa-
tion is expected because the digestibility of P in casein
for broilers is greater than that in SBM (NRC 1994).

In agreement with the study of Liu et al. (2014),
dietary casein inclusion had no effects on the deter-
mined values of TPD of P in SBM for broilers. However,
dietary dried egg albumen supplementation caused
lower estimates of TPD of P in SBM was reported by
Mutucumarana et al. (2015). The main reason for that
discrepancy might be the differences in dietary Ca: P
ratios between studies. In the study of Mutucumarana
et al. (2015), the dried egg albumen-supplemented
diets had greater dietary Ca:P ratio of 1.2 than the
ratio of 0.7 in diets without dried egg albumen. In
contrast, a constant dietary Ca:P ratio of 1.2 was
applied in the study of Liu et al. (2014) and in the pre-
sent study. Chicks fed the moderate-P diets had lower
estimates of TPD of P in SBM compared with birds fed
the low-P diets and were observed in the current
study. The slope derived from regressing digested P
and dietary P intake can be applied for the determin-
ation of TPD of P and is based on the assumption that
the digestibility of P in assay feed ingredients was not
affected by increasing consumption of the assay feed
ingredients (Liu et al. 2014). However, the APD of P
decreased with graded inclusion of assay feed ingre-
dients was observed for broiler chickens fed experi-
mental diets at moderate total P levels, even if there is
a strong linear relationship between digested P and
dietary P intake (Iyayi et al. 2013; Liu et al. 2013;
Mutucumarana et al. 2014, 2015). The reduced P
digestibility may be caused by excessive intake of

Table 6. Linear relationships between precaecal digested P (mg/kg DMI) and dietary P intake (mg/kg DMI) in broilers fed diets
with or without casein at different concentration of total P.

Dietary total P and casein addition Regression equationc SE of the sloped SE of the interceptd rd
True precaecal digestibility

of P, %

Moderate-P diets
Diets without casein Y¼ 0.6238Xþ 301.57 0.0312 92.01 0.93 62.38a

Diets with casein Y¼ 0.6095Xþ 449.09 0.0422 123.21 0.90 60.95a

Low-P diets
Diets without casein Y¼ 0.7578X – 35.50 0.0305 64.10 0.91 75.78b

Diets with casein Y¼ 0.7332Xþ 84.79 0.0293 51.64 0.92 73.32b

a–bMeans not sharing a common superscript differed (p< .05).
cRegression of precaecal digested P (mg/kg of DMI) against dietary P intake (mg/kg of DMI) as determined from feeding broilers with or without casein
at different concentration of total P. The linear term represents true precaecal digestibility of P.
dStandard errors of regression components (n¼ 24 observations).
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dietary phytate P as the level of assay feed ingredients
increased (Leytem et al. 2008; Selle et al. 2009; Shastak
et al. 2014). Therefore, the depressed P digestibility in
treatment groups containing high levels of assay feed
ingredients leads to a decreased slope, which results
in lower estimates of TPD of P for broilers. In the pre-
sent study, the values of TPD of P in SBM were deter-
mined to be 62.38 and 60.95% for moderate-P diets
without casein and with casein supplementation,
which are consistent with the estimates of 55.3 and
52.3% for broiler chickens fed the moderate-P diets at
a Ca:P ratio of 1.2 reported by Liu et al. (2013) and
Mutucumarana et al. (2015). By contrast, these esti-
mates of TPD of P in SBM for broilers fed the moder-
ate-P diets were lower than the determined values of
74.4, 77.8 and 81.3% for broilers fed the low-P diets
(P levels from 1.02 to 2.55 g/kg) reported by Liu et al.
(2014). Based on previous data and the results of the
present study, it indicates that the regression-driven
estimates of TPD of P in SBM were lower for broiler
chickens fed the moderate-P diets than that for birds
fed the low-P diets.

Conclusions

In summary, dietary total P concentration affects the
estimates of TPD of P in assay feed ingredients deter-
mined by the regression approach. The levels of total
P in test diets should be maintained at a reasonable
range, which allowed the APD of P was not affected
by increasing levels of assay feedstuffs. The supple-
mentation of casein at 50.0 g/kg in basal diets has no
effects on the estimation of TPD of P for broiler chick-
ens. Therefore, constant supplementation of highly
digestible feedstuffs in test diets, which was proposed
by WPSA (2013), should be applied to determine the
TPD of P in plant feed ingredients for broiler chickens.
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