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Abstract

This research aimed to determine effects of phytase in cottonseed meal (CM) and rice husk (RH)
based diets on true phosphorus digestibility (TPD) by broiler chickens. Two studies were conducted with 576
one-day-old broiler chickens using regression analysis to determine the TPD in these diets and the response
to phytase supplementation. Six semi-purified diets were formulated to contain 150 g, 300 g, and 450 g each
of CM/kg (experiment 1) and RH/kg (experiment 2) with phytase supplied at 0 and 1000 units/kg. Titanium
dioxide was added to the diets at the rate of 5 g/kg as an indigestible maker. A total of 288 broiler chickens in
each study were weighed and allotted to the six diets with six replicates of eight birds in a randomized
complete block design. The birds were fed the experimental diets until day 26 post hatch. The coefficients of
true phosphorus retention (TPR) were 0.8 for CM and 0.78 for RH without phytase; 0.93 for CM and 0.92 for
RH with phytase. True phosphorus digestibility was 0.82 for CM and 0.75 for RH without phytase; and 0.95
for CM and 0.92 for RH with phytase. Phytase supplementation resulted in 13.27 and 17.94 % increases in
TPD; and 12.29 and 13.61 % increases in TPR by birds fed the CM and RH diets, respectively. Phytase
supplementation of CM and RH based diets increased TPD and improved total TPR and true ileal
phosphorus digestibility in broiler chickens.

Keywords: Arbor Acre, ileal phosphorus digestibility, regression technique, semi-purified diet, total tract
hosphorus retention
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Introduction

Plant-derived ingredients in poultry feed such as cottonseed meal (CM) and rice husk (RH) have
limited available phosphorus owing to the phytate-phosphorus complex. This results in low true ileal
phosphorus digestibility (TIPD) and high endogenous phosphorus loss (EPL) with negative environmental
consequences. Exogenous phytase can break the phytate-phosphorus complex and facilitate phosphorus
utilization (Humer et al., 2015). However, information on TIPD and EPL in broiler chickens fed diets
supplemented with phytase is scanty. Therefore, the effects of phytase supplementation in CM- and RH-
based diets on TIPD in broiler chickens were investigated.

Phosphorus (P) is an indispensable nutrient for plants and animals but has limited bioavailability in
plant-derived feed ingredients for poultry. Most of the P in grains and oilseed meals is in the form of phytate
(Ravindran et al., 2008). Phytate (CgH130,4P¢) is the principal storage form of phosphorus in plants and it
chelates nutrients — minerals such as potassium, magnesium, and calcium — which are necessary for
phosphorus absorption (Adeola & Sands 2003). Phytate is poorly utilized by poultry because they have
limited amounts of intestinal phytase. As a result, poultry diets are supplemented with inorganic P sources,
resulting in large amounts of P in the diet, which are subsequently passed into the environment, causing
eutrophication (Mutucumarana et al., 2014). The activities of intrinsic phytase in diets for poultry and
endogenous phytase in the digestive tract are not enough for efficient hydrolysis of phytate (Adeola & Sands,
2003; Applegate et al., 2003). Dietary supplementation of phosphorus with exogenous phytase is effective in
improving phosphorus digestion in poultry diets (Fan et al., 2001). But supplementing poultry diets with
phosphorus based on feed formulation calculations may lead to a deficiency in phosphorus or excretion of
excess dietary phosphorus into the environment (lyayi et al., 2013). Rodehutscord (2009) asserted that in
assessing P availability, the measurement of digestible P remains the preferred method for poultry. The shift
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from measuring apparent digestible P to TDP of ingredients used in feeding poultry took place because of
varying proportions of phytate and the limitations of measurements of apparent digestibility. Use of TPD
provides a more reliable template for measuring digestible P in broiler feeds.

Until recently, only apparent P digestibility estimates were reported in the literature. However, these
estimates do not account for the confounding effect of endogenous P losses (EPL). The estimation of EPL of
some feed ingredients by the regression technique is important to determine the TPD of ingredients in broiler
feed (Fan et al., 2001). Endogenous phosphorus loss is reduced and hence TPD may increase with phytase
supplementation owing to increased release of P from the phytate-phosphorus complex (Akinmusire &
Adeola 2009; lyayi et al., 2013). A plethora of research findings are available on TPD in feed ingredients
used in pigs (Fan et al.,, 2001; Akinmusire & Adeola, 2009). Corresponding data for poultry are limited,
however, with few research studies (lyayi et al., 2013; Liu et al., 2013; Mutucumarana 2014). True digestible
phosphorus in some feed ingredients was documented by these authors, but TDP results might differ across
climactic regions based on differences in the ingredients, the method of oil extraction, agronomical practice
during cultivation, and the composition of the assay diets. The objective of this study was to determine TPD
in response to phytase supplementation of broiler chickens fed diets containing CM and RH.

Materials and Methods

The ethics committee on Research and Innovation of the University of Ibadan approved this research
on 28 April 2016. This approval conforms to the ethical standards laid down in 1964 Declaration of Helsinki
and its later amendment. All birds were healthy throughout the studies and no mortality was recorded.

The test ingredients used in the experiments were CM and RH. Rice husk is a by-product of rice
grains that is obtained by mechanical milling in contrast to the solvent extraction technique that is used for
CM extraction. A total of 576 one-day-old Abor Acre broiler chicks were raised in floor pens in a well-
ventilated and illuminated standard poultry house. On arrival, the birds were fed a commercial starter diet,
which met the nutrient requirements for broiler chickens for 14 days (NRC, 1994). On day 14, the birds were
transferred to metabolic cages. At day 20 post hatch, two groups of 288 birds were tagged, weighed
individually and randomly allotted to experimental diets in each of the two experiments, with six replicates in
a randomized complete block design using the experimental animal allotment programme of Kim and
Lindemann (2007). Birds had free access to water and the experimental diets for eight days, with the first two
days being allowed for acclimatization to the experimental diets.

Six semi-purified diets were formulated containing 150 g, 300 g, and 450 g each of CM and RH/kg
(Tables 1 and 2, respectively) with or without 1000 units of phytase/kg diet. The dietary inclusion levels of the
test ingredients were obtained by the gradual replacement of cassava starch with the CM or RH for the two
experiments, respectively. Titanium dioxide was included in the diets at the rate of 5g/kg as an indigestible
marker. Phytase (3-phytase derived from Aspergillus niger) was used as the exogenous phytase.
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Table 1 Gross composition (as fed) of cottonseed meal-based diets without or with phytase for broiler
chickens

0 FTU/kg(Phytase) 1000FTU/kg( Phytase)
Ingredients
150 CM, g/kg 300CM, g/kg 450CM, g/kg 150CM, g/kg 300CM,g/kg 450 CM, g/kg

Cottonseed meal 150.00 300.00 450.00 150.00 300.00 450.00
Cassava starch 495.50 343.75 192.00 485.50 333.75 182.00
Wheat gluten 200.00 200.00 200.00 200.00 200.00 200.00
Soya ol 10.00 10.00 10.00 10.00 10.00 10.00
Dextrose 102.25 102.25 102.25 102.25 102.25 102.25
DL-Methionine 1.00 1.00 1.00 1.00 1.00 1.00
L-Lysine 1.00 1.00 1.00 1.00 1.00 1.00
Limestone 10.25 12.00 13.75 10.25 12.00 13.75
Vitamin-premix* 2.50 2.50 2.50 2.50 2.50 2.50
Salt 2.50 2.50 2.50 2.50 2.50 2.50
Phytase premix’ 0.00 0.00 0.00 10.00 10.00 10.00
Titanium premix® 25.00 25.00 25.00 25.00 25.00 25.00

Tvitamin A: 12500 I.U, vitamin E: 40 mg, vitamin K3: 2 mg, vitamin B1: 3 mg, vitamin B2: 5.5 mg, niacin: 5.5 mg, calcium
pantothenate: 11.5 mg, vitamin B6: 5 mg, vitamin B12: 0.025 mg, choline chloride: 500 mg, folic acid:1 mg, biotin: 0.08
mg, manganese: 120 mg, iron 100 mg, zinc: 80 mg, copper: 8.5 mg, iodine: 1.5 mg, cobalt: 0.3 mg

21 g of enzyme mixed with 999 of cassava starch to contain 100 phytase units (FTU)/g

%5 g titanium dioxide mixed with 20 g of corn starch

CM: cottonseed meal

Table 2 Gross composition (as fed) of rice husk-based diets without or with phytase for broiler chickens

0 FTU/kg(Phytase) 1000 FTU/kg( Phytase)
Ingredients 150 RH, 300 RH, 450 RH, 150 RH, 300 RH, 450 RH,
a/kg a/kg a/kg a/kg a/kg g/kg
Rice husk 150.00 300.00 450.00 150.00 300.00 450.00
Cassava Starch 464.50 316.25 168.00 454.50 306.25 158.00
Wheat gluten 220.00 220.00 220.00 220.00 220.00 220.00
Soya oil 20.00 16.25 12.50 20.00 16.25 12.50
Dextrose 102.25 102.25 102.25 102.25 102.25 102.25
DL-Methionine 1.00 1.00 1.00 1.00 1.00 1.00
L-Lysine 1.00 1.00 1.00 1.00 1.00 1.00
Limestone 11.25 13.25 15.25 11.25 13.25 15.25
Vitamin premix1 2.50 2.50 2.50 2.50 2.50 2.50
Salt 2.50 2.50 2.50 2.50 2.50 2.50
Phytase premix® 0.00 0.00 0.00 10.00 10.00 10.00
Titanium premix® 25.00 25.00 25.00 25.00 25.00 25.00

Tvitamin A: 12500 1.U, vitamin E: 40 mg, vitamin Ks: 2 mg, vitamin B;: 3 mg, vitamin By: 5.5 mg, niacin: 5.5 mg, calcium
pantothenate: 11.5 mg, vitamin Bs: 5 mg, vitamin B12: 0.025 mg, choline chloride: 500 mg, folic acid:1 mg, biotin: 0.08
mg, manganese: 120 mg, iron 100 mg, zinc: 80 mg, copper: 8.5 mg, iodine: 1.5 mg, cobalt: 0.3 mg

1 g of enzyme mixed with 99¢g of cassava starch to contain 100 phytase units (FTU)/g
%5 g titanium dioxide mixed with 20 g of corn starch
RH: Rice husks
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The CM used in this current study contained more CP and total P, but less GE and Ca than RH (Table
3). Increases in the contents of CP, Ca and total P in the diets without or with phytase were because of the
graded inclusion of CM and RH at the expense of cassava starch in the two experiments.

Table 3 Analysed nutrient composition of cottonseed meal and rice husk used in the diets that were fed in
this study

Nutrient Cottonseed meal Rice husk
Dry matter, g/kg 990 961
Crude protein, g/kg 334 227
Gross energy, kcal/kg 2200 2980
Calcium, g/kg 1.30 5.30
Total phosphorus, g/kg 7.75 4.90
Phytate phosphorus, g/kg 4.50 2.80
Non-phytate Phosphorus, g/kg 3.25 2.10

Nutrient densities for the CM and RH diets are presented in Tables 3 and 4, respectively. In general, the diets
that were based on RH were less nutrient dense than those based on CM.

Table 4 Estimated nutrient densities in cottonseed meal-based diets for broiler chickens without or with
supplemental phytase

0 FTU/kg(Phytase) 1000FTU/kg( Phytase)
Nutrient 150 CM, 300 CM, 450 CM, 150 CM, 300 CM, 450 CM,
g/kg g/kg g/kg g/kg g/kg g/kg
Dry matter, g/kg 965 957 931 930 930 93.5
Crude protein, g/kg 255 276 291 227 264 292
Gross energy, kcal/kg 3940 3880 3880 3950 3920 3700
Calcium, g/kg 3.80 4.66 5.30 4.00 4.17 4.20
Phosphorus, g/kg 1.76 3.75 5.07 1.60 3.18 4.79
Calcium: Phosphorus 2.16 1.24 1.05 2.50 1.31 0.85
Phytase, FTU/kg <100 <100 <100 854 986 1106

CM: Cottonseed meal

Table 5 Estimated nutrient densities in rice husk-based diets for broiler chicks without or with supplemental
phytase

0 FTU/kg (Phytase) 1000 FTU/kg (Phytase)
Nutrient 150 RH 300 RH 450 RH 150 RH 300 RH 450 RH
o/kg a/kg g/kg o/kg g/kg g/kg
Dry matter, g/kg 974 970 965 972 976 965
Crude protein, g/kg 185 206 245 191 207 225
Gross energy, kcal/kg 3458 3355 3252 3423 3320 3217
Calcium, g/kg 0.53 0.58 0.62 0.34 0.45 0.53
Phosphorus, g/kg 0.21 0.24 0.30 0.22 0.26 0.32
Calcium: Phosphorus 2.52 2.42 2.07 1.55 1.73 1.66
Phytase, FTU/kg <100 <100 <100 1131 1007 1247

RH: Rice husks
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Feed intake was calculated as the difference between amounts offered and refused on a cage basis
during the eight-day feeding trial. Birds were weighed at days 20 and 28 post hatch on a cage basis to
calculate bodyweight gain. Between days 25 and 27 post hatch, samples of fresh excreta were collected
once daily from pans placed beneath the cages. Daily collections were pooled on a replicate cage basis,
bulked, and stored in freezer at -4 °C. Samples were taken and air-dried in a force-draught oven at 55 °C for
five days. On day 28, the birds were euthanized by carbon (IV) oxide asphyxiation and dissected to obtain
digesta from the distal two thirds of the ileum using the procedure of Rodehutscord et al. (2012). Digesta
samples were obtained by flushing the ileal content with deionized water, being careful not to squeeze the
dissected portion. Samples from each replicate cage were pooled. The digesta samples were frozen and
freeze-dried. The excreta and ileal samples were milled and stored in air-tight plastic sample bags at -4 °C
until needed for analysis.

Dry matter was determined by drying the excreta and ileal samples at 105 °C for 24 hours in a pre-
weighed dried crucible in a conventional oven (method no 930.15) (AOAC International, 2005). Samples
were ashed and phosphorus concentration was determined colorimetrically (UV) at 400 nm following
digestion with nitric and perchloric acid. Titanium concentrations in the ashed samples of feed, excreta and
ileal were determined by the colorimetric method following digestion with concentrated sulphuric acid and
absorbance read at 410 nm (Short et al. (1996).

Apparent precaecal digestibility and retention coefficients of P in the two experiments were calculated
by the index method (lyayi et al., 2013), which is based on indigestible marker ratios according to the
equation:

APD =100 e fo 100
- (To *pi ) x
Where: APD is apparent digestibility of phosphorus expressed as a percentage,
Tiis the concentration of titanium in dietary intake,
Tois the titanium concentration in ileal or excreta output,
P, is the phosphorus concentration in ileal or excreta output, and
P;is the phosphorus concentration in dietary intake.

The dietary P intake was calculated as concentration in grams of P intake per kilogram of DM. The
amount of digestible P was calculated from the intake of P and its digestibility, Apparent P retention (APR)
was calculated as proportion of the P intake that was not voided in in the excreta.

Retained P

APR =
P intake

Data were analysed using the GLM procedure of SAS (SAS Institute Inc., Cary, North Carolina, USA).
Each experiment was analysed separately. The model consisted of replications (5 df), the level of the basal
ingredient (2 df), phytase level (1 df), and the interaction (2 df). Orthogonal polynomial contrasts were used
to determine effects of graded levels of the basal ingredient on all response criteria. Levels of digested P
(g/kg DMI) and retained P (g/kg of DMI) were regressed on P intake (g/kg DM) separately for the two levels
of phytase supplementation. Estimates of the regression parameters were compared within sampling sites
(ileal and excreta) with or without phytase using student’s t-test.

Results and Discussion

When CM was the base of the diet, the interaction of its inclusion level with the level of phytase
supplementation were significant for ileal output of P (P =0.002), excreted P (P =0.009), APD (P =0.034), but
not for APR (P = 0.093) (Table 6). Without phytase, ileal output of P was greater for birds fed the 300 g/kg
CM diet than for birds fed the diets with either a lower or higher level of CM. With phytase, no such effect
was observed. Without phytase, the responses in excreted P were somewhat similar to those for ileal output
of P, except that the levels of excreted P for birds fed 300 g/kg and 450 g/kg CM were similar. In contrast,
when the diets were supplemented with phytase, the excreted P was reduced for birds fed the 300 g/kg CM
diet than those fed either the 150 g/kg or 450 g/kg CM diets, which produced similar responses. As a
consequence of these effects the APD was lower for birds fed the intermediate level of CM compared to
either extreme when phytase was not provided. However, when phytase was provided there was a graded
increase in APD with the level of CM that was fed. Either with or without phytase supplementation, there was
a marked increase in APR from the low level of dietary CM to the higher levels which were more nearly
similar to each other. The effect of phytase supplementation on APR was negligible (P =0.35).



llaboya & lyayi, 2021. S. Afr. J. Anim. Sci. vol. 51 109

Table 6 Phosphorus digestibility in broiler chickens fed varying levels of cottonseed meal without or with
phytase

Without phytase With phytase
150 g/kg  300g/kg  450g/kg  150g/kg  300gkg  450gkg — SF
CM CM CM CM CM CM
lleal P output, g/Kg DMI 0.40 1.25 0.98 0.24 0.35 0.40 0.08
Excreted P g/Kg of DMI 0.92 1.49 151 1.06 0.69 1.03 0.07
Apparent ileal P digestibility, % 78.19 67.97 81.92 85.97 89.69 92.27 1.80
Apparent P retention, % 49.39 61.95 72.18 38.52 79.90 80.00 3.58

CM: Cottonseed meal P: Phosphorus, DMI: dry matter intake

Far fewer significant effects were observed with the RH based diets than were observed when graded
levels of CM were fed (Table 7). Interactions between the level of dietary RH and supplemental phytase were
not significant for ileal P output, excreted, APD or APR (P =0.5). Supplementation with phytase increased (P
=0.04) APR across all levels of RH that were fed.

Table 7 Phosphorus digestibility in broiler chickens fed cottonseed meal and rice husk-based diets without or
with phytase

Without phytase With phytase
150 g/kg 300 g/kg 450 g/kg 150 g/kg 300 g/kg 450 g/kg SE
RH RH RH RH RH RH
lleal P output, g/Kg of DMI 0.21 0.19 0.36 0.15 0.17 0.22 0.02
Excreta P output, g/Kg of 0.26 0.25 0.25 0.08 0.24 0.06 0.03
Apparent ileal P digestibility % 90.25 92.30 88.52 93.52 93.53 93.34 0.86
Apparent P retention % 88.26 89.80 89.80 96.67 91.05 98.25 1.46

RH: Rice husks, P: Phosphorus, DMI: dry matter intake

There were no linear and quadratic responses (P >0.05) in the ileal output and apparent ileal P
digestibility of birds on the RH-based diet, irrespective of supplementation. A quadratic response was
observed in excreta P output (P <0.01) at 300 g/kg RH inclusion for diets supplemented with phytase.
Apparent ileal digestibility values ranged between 88.52% and 92.30% and 93.34% to 93.53% for diets
without supplemental phytase and with supplemental phytase, respectively. Apparent ileal phosphorus
digestibility for birds fed phytase-supplemented diets was 9.32% higher than the value calculated for birds
fed unsupplemented diets. Apparent P retention values ranged from 88.26% to 98.25%. Without phytase,
apparent P retention did not differ (P >0.05), but with the supplementation of phytase there was a quadratic
response (P <0.05) at 300 g/kg RH inclusion level. The TPD of RH without phytase at 75% was lower (P
<0.01) than the TPD at 92% with phytase supplementation. The true P retention at 91% with phytase
supplementation was higher (P <0.01) than that at 78% without phytase (Table 4). Phytase supplementation
effectively increased digestible P at the ileal site by 17.94 percentage points, and a corresponding increase
in true P retention by 13.61 percentage points with the addition of phytase.
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Table 4 Linear relationships of ileal digestible intake phosphorus and retained phosphorus with phosphorus
intake of broiler chickens fed cottonseed meal or rice husk-based diets without and with phytase
supplementation

Regression of ileal digestible Regression of retained

ltem phosp_horus on phosphoru_s intake  phosphorus on phosphoru_s intake

Without With Without phytase With

phytase phytase phytase
Cottonseed meal augmented diets
Slope 0.821 0.954 0.805 0.928
Intercept 0.408 0.081 0.471 0.35
R? 0.869 0.993 0.864 0.946
Endogenous P lost, g/kg DMI 0.211 0.171 0.620 0.581
True ileal P digestibility or true P retention, % 82" 95° 80° 93"
Rice husk augmented diets
Slope 0.750 0.929 0.782 0.918
Intercept 0.231 0.161 0.356 0.167
R? 0.835 0.942 0.763 0.949
Endogenous P loss, g/kg DMI 0.385 0.014 0.766 0.338
True ileal P digestibility or true P retention, % 75° 922 78" 912

&P Estimates with a common superscript were not different at P = 0.05

In the context of the current studies, the strong linear relationships that were observed between ileal
digested P, retained P, and dietary P intake for all the test ingredients were the primary requirements for the
use of the regression technique. Other authors reported a strong linear relationship between digested P
outputs and dietary P intake (Akinmusire & Adeola, 2009; lyayi et al., 2013; Mutucumarana, 2014). This
relationship permits the theoretical estimation of dietary independent endogenous P loss (g/kg DMI) and the
simultaneous measurement of true ileal P digestibility (Fan et al., 2001). Estimating the TPD of CM and RH
is important because these feedstuffs are used as alternative protein and carbohydrate sources in broiler
chicken feed. This result agrees with other studies, which used soybean meal (Fan et al., 2001; Ajakaiye et
al., 2003; Diger & Adeola, 2006), canola meal and peanut flour (lyayi et al., 2013) as the test ingredients. In
the diet formulation for CM and RH studies, an increase of P in the diets was achieved by raising the
amounts of CM and RH to ensure graded levels of P intake by the birds. This study also involved the
development of a database of TPD values for a wide range of feedstuffs. Up-to date knowledge of the effect
of microbial phytase on TPD would assist in formulating diets that would minimize P excretion. The range in
phytase activity in the unsupplemented diets was less than 100 units/kg, whereas the diets with
supplemental phytase activity ranged from 854 to 1247 units/kg. Weremko et al. (1997) reported phytase
activity above 500 units/kg to increase P digestibility but less distinctly, but a further rise in phytase dosage
(up to 1000 units) increased P digestibility.

In experiment 1, ileal P output accounted for 18% to 32% of P intake in diets without phytase and 8%
to 10% in diets with phytase. In experiment 2, ileal output was 9% to 11% of the P intake without phytase
and 6% to 7% in diets with phytase. Excreta P output accounted for between 28% and 50% P intake for the
unsupplemented diets and 20% to 40% with supplemental phytase. Phytase supplementation and its
interaction with P was responsible for the significant reduction of ileal and excreta P and increased apparent
P digestibility, but the level of P resulted in an increase in apparent P retention in experiment 1, and in
experiment 2 phytase supplementation significantly increased apparent P retention. As expected, the
addition of phytase decreased P excretion. This result agrees with other authors that reported the efficacy of
microbial phytase in hydrolysing phytate P, improving its utilization by poultry and swine, and consequently
leading to a reduction in P excretion (Baxter et al., 2003; Akinmusire & Adeola, 2009).

The positive effect of phytase supplementation was evidenced in the TPD data. Phytase
supplementation increased true ileal P digestibility of CM and RH with estimated TIPD values of 95.42% and
92.94%, respectively. Liu et al. (2013) reported estimated TIPD for soybean meal in the range of 46 to 71.
These reported findings were based on the varying calcium to phosphorus ratios used in their study. Phytase
supplementation resulted in 13.27% and 17.94% increases in TIPD for CM and RH, respectively.
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Simultaneously, supplementation of CM and RH with phytase increased (TP), estimated values of 92.75%
and 91.83%, respectively. This translated to 12.29% and 13.61% increases. Akinmusire and Adeola (2009)
reported improvement in TPD of canola and soybean meal with the addition of phytase to the diets of
growing pigs. Rutherfurd et al. (2004) reported a 10% to 12% increase in TPD at the terminal ileum with
phytase supplementation of low P diets containing soybean meal, wheat bran, and rapeseed meal in broiler
chickens with a corresponding 10.5% increase in phytate degradation at the terminal ileum. Phytase
supplementation had also been reported to improve Ca and P retention in broiler chickens (Viveros et al.,
2002) and digestible P in pigs, with a reduction in excreted P by 21.5% (Dilger & Adeola, 2006). The results
obtained in these studies on improved ileal digestible P and a corresponding P retention in both experiments
agreed with these earlier findings.

A comparison of the TIPD and TPR estimates obtained at the sites of sampling for diets with and
without phytase indicated significant variation, which attests to the influence of hindgut microflora on
phosphorus digestibility and retention. lleal digestible P is not influenced by hindgut microflora, because it is
the portion of dietary total P that is not found in the faeces, whereas P retention is the proportion of dietary
total P that is retained in the body, which could be affected by hindgut microflora (Rodehutscord et al., 2012).
Percentage increases at both sites of sampling were observed to be highest in the RH diet compared with
values obtained for CM. The lower TPD in CM in relation to RH could be attributed to the antinutritional
factors in CM, which is reported, apart from phytic acid, to contain antinutrients such as gossypol, which are
known to reduce nutrient digestibility in non-ruminant animals (Dersjant-Li et al., 2014). It could also be
attributed to the presence of adequate substrate for microbial phytase action (Dersjant-Li et al., 2014).
Dersjant-Li et al. (2014) concluded that the efficacy of phytase depends on the concentration of phytate in
feed ingredients, which was categorized under dietary-related factors. The difference in processing methods
used to produce CM and RH probably resulted in varying concentrations of phytate in their by-products.
Hence better substrate to enzyme concentration might have triggered the observed percentage point
increase in true ileal P digestibility and TPR for RH.

The results from the two experiments show that irrespective of the assayed feedstuff, there was a
similarity in the effect of phytase on P digestibility. Phytase had no effect on P retention in experiment 1 but
had a significant effect in experiment 2 (Table 3). Similar effects on ileal P digestibility and retention were
reported by Leytem et al. (2008), who recorded an increase in the hydrolysis of phytate P and a threefold
increase in P retention in a study with corn, wheat, barley, and oats in broiler chickens as a result of the
addition of 1000 phytase units to the diets. Phytase supplementation has also been reported to improve
digestible P in pigs with a reduction in excreta P by 21.5% (Harper et al., 1997). These reports support the
results in this study of improved ileal digestible P and a corresponding P retention in both experiments.

Estimates of EPL that were observed for broiler chickens in the two studies were not statistically
different from zero. Phytase supplementation of CM and RH reduced ileal endogenous phosphorus loss and
the total tract endogenous flow of P. Estimated ileal endogenous P loss for birds fed diets with and without
phytase (g/kg DMI) were 0.171 and 0.211 for experiment 1, and 0.014 and 0.384 for experiment 2. This
implied that supplementation of the test ingredients with phytase at 1000 units per kg of diets reduced
estimated ileal endogenous phosphorus losses. Simultaneously, at the total tract section, estimated total
tract endogenous P loss for birds fed diets with and without phytase were 0.581 and 0.620 g/kg DMI, and
0.338 and 0.766 g/kg DMI for experiment 1 and experiment 2, respectively. Negative estimate values were
not observed in endogenous P flows at both sites of sampling for the RH diet, whereas negative values were
seen in the CM diet. However, reported negative values reflect the anomaly associated with regression
method, and show the drawback inherent in it. Research findings have documented negative endogenous P
loss at ileal and total tract sections for pigs (Akinmusire & Adeola, 2009) and poultry (lyayi et al., 2013;
Mutucumarana, 2014) with more reports being documented for pigs than for broiler chickens.

Conclusions

Supplementation of cottonseed meal- and rice husk-based diets with phytase at 1000 units/kg of diet
reduced endogenous phosphorus losses at both sites of sampling (ileal and total tract sections) in
experiments 1 and 2. It also led to an increase in true ileal phosphorus digestibility and true total tract
retention of phosphorus in both diets. Awareness of supplementing poultry diets with phytase should be
intensified because the use of exogenous phytase would not only minimize eutrophication, but decrease
excessive dependence on inorganic phosphates in poultry.
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