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IMPROVING PHYTATE PHOSPHORUS AVAILABILITY BY
ADDING MICROBIAL PHYTASE TO BROILER DIET

(4]

Abdelrahman', M.M. and F.H, Saleh®
ABSTRACT

A 42 days experiment was conducted with one day-old broiler chicks (n=750) to
evaluate the effectiveness of supplemental microbial phytase for improving the
availability of Phytate-P {pp) in corn-soyvbean diet when different levels of nonphy-
tate phosphorus (NPP) as a Dicalcium Phosphate {DCP) were fed. The broiler chicks
were distributed to five treatments with three repiicates. Each replicate contains 50
broiler chicks. The dietary treatments were formulated by reducing DCP level and
assuming an increase of PP availability as a result of adding phytase (UP). The die-
tary treatments were as follow: C, control group corn-soybean diet (0% pp availabil-
ity); T; control diets + 130 UP/ton; T, coatrol diet + 300 UP/ton; T, (60% of PP
available) + 150 UP/ tonr and T,, (100% PP availability) + 150 UP/ ton. The final
live body weights of breiler from T; and T, groups weren't significantly differ
(P>0.05) from T, and T, broilers but were significantly lower (P<0.05) than that of
control group. The Gain: feed ratio of broilers from T», T; and T, were significantly
higher (P<0.05) compared with Ty and the control groups. No significant differences
lower (P>0.03) were found between all groups in the accumulative feed intake. Cal-
cium concentration in blood serum of chicks from T; was significantly lower
(P<0.05) compared with other treatments, but P concertration was significantly
higher (P<0.05) in serum of chicks from T2 compared with other treatments. More-
over, the result of economical evaluation indicated that feeding chicks in groups T,
T; and T, resulted in higher cost of live body weight and lower economical effi-
ciency compared with other groups. In conclusion, the results of this experiment
show that addition of microbial phytase increase availability of phytate-P in corn-
soybean meal diet for broilers. Further research is needed to determine appropriate
levels of Phytase to be added to broiler diets to maximize release of phytate-P.
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INTRODUCTION and many other third world countries, the

profit of raising broiler is very marginal

Much of the world's human popula-  because of the high cost of feed, poor
tions suffer from malnutrition. In Jordan growth rate, poor feed conversion and
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high mortality rate. Jordan is one of the
countries in the Middle East raise at least
8-10 million broiler chicks/ month. This
number is very high because of the com-
petitive price of unit of white meat com-
pared with red meat. Increasing the avail-
ability of some feed's nutrients such as
phytate Phosphorus can reduce the high
cost of broiler feed.

Dicalcium phosphoate (DCP) is one
of the main components added to broiler
soybeab-corn ration as a source of inor-
ganic phosphorus to optimize growth rate
and skeletal development. This addition
of DCP is very crucial because of the low
availability of phosphorus in dietary plant
rations. About 70% of phosphorus in
plant rations present in the form phytate
P, which is only 10-33% can be utilized
(Edward & Veltmana, 1983 and Bal-
lam et al 1984). Because of that, consid-
crable amount of P excreted by broiler in
feces to the environment, which lead to
environmental pollution. Moreover, phy-
tate P caused a negative cffect on the
solubility of protein and function of pep-
sin because of their ionic binding with
proteinized amino acids (DeRham and
Jost, 1979), Phytate P present in plants as
a mixed with calcium, magnesium and
potassium salt of phytic acid (Anderson,
1915).

One approach to reduce environ-
mental poliution, feed cost and increascs
the availability of phytate P to broiler, is
by using microbial phytase enzyme.
Microbia! phytase enzyme is produced by
Asprigillus ficuum fermentation, which
found to be effective in hydrolyzing
phytate P when added to the comn-
soybean (SBM) diet (Nelson et al 1971)
and increases the availability of phy-
tate P to more than 65% (Simons ef al
1999).

Therefore, this experiment was con-
ducted to determine the effect of adding
microbial phytase to the diet of broiler
fed corn-SBM ration with different levels

of dietary non-phytate phosphorus (NPP).
MATERIAL AND METHODS

Seven hundred and fifty one day old
unsexed Hubbared broiler chicks were
used in this study for 42 days to investi-
gate the cffect of using microbial phytase
with corn-soybean broiler diet for im-
proving the utilization of phytate P.
Chicks were divided to five treatments of
three replicates, fifty chicks in each repli-
cate and separate pen. Chicks reared in
concrete floor pens, which were covered
with approximately 7-cm wooed shaving.
Diets and water provided for ad-libitum
consumption. Three dietary rations were
formulated according to NRC (1994) to
have the same nutritive values, isocaloric
and isonitrogenous, except for available
phosphorus P (Table 1). Different levels
of non-phytate phosphorus (NPP) were
achieved by adding different levels of
Dicalcinm Phesphate (DCP) as shown in
Table (1). The treatments are as follows:
C, control group comn-soybean diet
(1.54% and 1.09% DCP for starter and
finisher diets, respectively); T, control
diet + 150 unit phytase (UPY ton; T,,
control diet + 300 UP/ ton; Ty, {1.06 and
0.61% DCP for starter and finished diets,
respectively) + 150 UP/ ton and T, (0.26
and 0% DCP for starer and finisher diets,
respectively) + 150 UP/ ton. The different
levels of DCP were used assuming the
phytate P availability will increase and
cover the chick's requirements as a result
of adding phytase enzyme. The phytase -
enzyme was NOVO® CT from Novo

Annals Agric. Sci., Sp. Issue, 1, 2006



Phytate phosphorus availability to broiler 43
Table 1. Composition of starter and finisher digts
ooy Starer Sumers0% U Finisher Finisher 602 | CSer,

control  Availabie P Available P control  Available P able P
Cormn 613 618 627 673 674 680
Soya 345 343 342 291 290 239
Palm oit 6.0 4.0 - 9.0 7.1 4.8
DCP* 15.4 106 26 10.9 6.1 -
CaCOy 15.1 17.6 219 15.2 17.7 209
Methionine 20 2.0 2.0 0.8 038 08
Lysine 0.1 0.1 0.1 08 08 0.8
vit. & Min.® 1.0 1.0 1.0 1.0 1.0 1.0
Salt 3.0 3.0 3.0 3.0 30 3.0
Cost JDs/T 184 182 179 174 172 171
Calculated chemical analysis (as fed):
ME Kcal/ kg 2947 2947 2940 3054 3038 3035
CP% 204 204 204 19.9 19.9 199
ME/CP% 144.5 1445 1441 153.0 1527 152.3
Total Ca% 1.0l 1.00 0.994 0.853 0.360 0.838
Total P % 0.662 0.578 0.434 0.608 0.306 0.378
* P<0.05

Norddisk, Denmark. The chicks fed the
starter diets for 28 days and the finisher
diets for 14 days. Chicks were kept under
the same environmental conditions and
vaccinated against common discase.
Body weight (g) and feed intake (g} were
determined weekly for 6 weeks. Average
body weight gain (g} and feed conversion
(g feed/g body gain) were calculated. At
slaughter, biood and thigh bone samples
were collected from 3 chicks/ each repli-
cate. Thigh bones were dried in ovenr at
105°C over night and burned in the muf-
fle furnace (600°C/ 6 hrs) (AOVA,
1990). Bloed samples were centrifuged at

3000 x g/15 minutes and serum samples
collected and analyzed for P calorimetri-
cally and Ca by Atomic Absorption Spec-~
trophotometry (AOAYV, 1990).

Data were analy==d using the SPSS®
{version 10) program (2000) for a Com-
pletely Randomized Design (CRD) with
repeated measurements. Least significant
differences (LSD) were used to compare
between means.

RESULTS

The performance parameters of the
broiler chicks of this experiment in terms

Annals Agric. Sci., Sp. Issue, 1, 2006



44 Abdelrahman and Saleh

of live body weight (LBW, g), accumula-
tive feed intake (ACFI, g) and feed con-
version (FC) lor different ages, 13
weeks, 1-5 weeks and 1-6 weeks are pre-
sented in Table (2). At weeks of age, the
live bady weight (LBW) of the birds from
C, T, and T, were not significantly differ
(P>0.05) from each other, but signifi-
cantly differ {P<0.03) than birds from T,
and T, groups which showed lower val-
ues. Moreover, the LBW of birds from T;
was significantly lower (P<0.05) than
birds from T,.

Accumulative feed intake {ACFI, g)
of birds from T; was significantly lower
{P<0.05) than birds from all other groups.
On the other hand, FC was significantly
higher in Ts.

At 6 weeks old, it could be seen that
groups were significantly lower (P<0.05)
compared with birds from the control, but
not differ significant when compared with

birds from T, and T, groups. Moreover,
no significant differences (P>0.05) be-
tween all groups in tcrm of ACFI, but the
FC was significantly different (P>0.03)
between all groups in term of ACFI, but
the FC was significantly higher (P<0.05)
for birds from T, Ty and T, and T, com-
pared with the control and T).

Table (3) shows the thigh bone ash
percentage, concentrations of calcium
(Ca) and phosphorus (P} in blood serum
of chicks at slaughter. Calcium concen-
trations in blood serum of chicks from T
were significantly lower (P<0.05) com-
parcd with the control, Ty, Tz and T5 (9.2
vs 10.9, 10.8, 11.2 and 9.8 mg/dl, respee-
tively),

Phosphorus concentrations in serum
of chicks from T, were significantly
higher (P<0.05) compare with the control,
T, Ty and T, (7.1 vs 6.1, 6.85, 6.9 and
6.72 mg/ dl, respectively).

Table 2. The effect of supplemental Phytase on the performance of broiler chicks

Critesi Ag Treatments*
olem Wk C T1 T2 T3 T4 SE
. 1-4  876c  825bc  915c  Sl5a  69%b  72.1
Live bod - .
weight 13 1286bc 1075b  1330c 802 1003 105
& 16 1753 1650ab 1470ab 13502 14002 1315
Accumula- 14 1275b 12426 1233b 1087a 1191b  41.04
tive feed 1.5 2136b  2111b  209Ib 20126 1719a 87.77
intake () 16 3031 2816 2982 2619 2933 1713
Eeed con 14  1.54ab 1583 14la 229 18%c 0.19
versi" 15 172b 205c . 162a 215 216c 0178
oa 16 178 175 209 200b 227 0.269
* P<0.05

Annals Agric. Sci., Sp. Issue, 1, 2006




Phytate phosphorus availability to broiler 45

Table 3. The effect of suppiementai Phy-
tase on the calcium and phos-
phorus concentration in blood
serum and ash% (dry weight) of
high bones.

Treatmen:s®

Criteria

Control Tl T2 T3 T4 SE

Calcium

mg/dl 1092 1082 11.2a 98a 932b 073
Phosphorus

mg/dl 6.10a &85 7.10b 6902 672a 03

Ash % 3178 226 452 436 393 413
* P<0.05

Morcover, the thigh bone ash percent-
age of birds from all groups weren't sig-
nificantly differ (P>0.05) from ¢ach other
which gives a good indication of the effi-

ciency of phytase enzyme in releasing
part or all phytate-P from plant feed.

Economic evaluation

The economic efficiency percentage
depends mainly on the final body weight
and the amount and cost of feeds to pro-
ducs one Kg body weight. Table (4)
shows total feed consumed, cost of starter
and finisher rations and the economical
cffictency of the experimental diets for
this study. The results of ¢conomical
cvaluation showed a lower cost per Kg.
LBW was detected in birds from the con-
trol and T, groups (0.308 and 0.305 JDs,
respectively) comparcd with Ts, Ty and
T4 (0.368, 0.342 and 0.366 IDs, respec-
tively). Thus, birds from T,, T; and T,
showed the lowest economic efficiency %
compared with birds from other groups
(control and T;).

Table 4. The economical efficiency of broiler chicks fed different Ieveis of Dicalcium
phosphate supplemented with phytase*,

Item Control T, T; T3 Ts
Feed consumedr/ke/bicd
1- 28 days 1.275 1.242 1.233 1.087 1.191
28-42 1.765 1.574 1.749 1.332 1.742
Feed price/JD's/Ton:
1-28 days 184 184.45 184.9 182.45 179.45
28-42 days 174 174 .48 1749 172,45 171.45
Feed cost per tird (JD's)
1-28 days 0.2346 0.2291 0.2280 0.1983 0.2137
28-42 days 0.3035 0.2746  0.3131 0.2642 0.2987
Total cost JD's 0.5401 0.5037 0.5411 0.4625 0.5124
LBW/Kg 1.753 1.650 1.470 1.350 1.400
Cost of 1 kg LBW (JD's) 0.308 0.305 0.368 0.3425 0.366
Economic efficiency %** 133,76 136.1 95.6 110.22 96.72

* The price of phytase enzyme is 3.00 JD'v1 KG
* *Economic efficiency® =

! The market price is 0.72 JD's / kg LBW

Market pricekg LEW !

x {66

(Cost of { kg LBW)
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DISCUSSION

The resuits of this study indicate that
supplemental of poultry diets with DCP
can be reduced by adding microbial phy-
tase enzyme, but the ievel of reduction
depends mainly on many factors. In this
study, 13 and 34% of tota! phosphorus
-were achieved by reducing the percentage
of DCP (treatment 3 and 4, respectively)
and assuming that phytate P wilt be avail-
able (60 or 100%) as a result of adding
microbial phytase. The ABW of birds
from T, and T, didn't differ even though
the level of iotal P differ (0.476 and
0.369, respectively ). Moreover, the LBW
of birds from T; and T, were significanily
lower (P<0.05) compared with the birds
from the control group. Many factors may
influence the 2ffect of microbial phytase
enzyme activities, which may explain the
lower LBW of birds from groups T3 and
Ts. The main factors is the dose of the
enzyme used which might not be enough
to release ali the phytate P. Jongbloed e
al (1993) studied the effect of microbial
phytase on P digestibility in a dose re-
spontse experiments. The efficiency of
microbial phytase appeared to be related
to its dose and type of diet. Simons and
Versteezh (1993) identified the minimal
equivalency of inorganic P per amount of
phytase, which was base¢ on perform-
ance. Some dictary factors may also af-
fect the phytase activities, It is commonly
knowr: that the higher dietary calcium
(Ca) decreases absorption of P
(Jongbloed, 1987). Kornegay (1995) in
breiler and Klis et «f (1992) in laver re-
ported that the apparent digestibility of P
linearly decreases with higher Ca, but no
interaction with microbial phytsae could
be demonstrated.

The productivity performance of birds
from T, and T, positive control with phy-
tase enzyme, were not significanty differ
from the control (C) in term of LEW and
general performance. This may imply that
the P requirement was met from control
diets and no significant effect of adding
phytase with high DCP as NPP. This
finding agreed with Denbow et al (1995)
and Qian et ol (1996) and disagreed with
Stmons & Versteegh (1993) and Yi ef af
(1995) who detected an improvement in
broiler performance by adding phytase
even though their diets cover the P re-
quirements.

The data of the feed conversion is
consistent with previous rcports of sev-
eral investigators {(Sohail & Roland,
1999; Swick & Ivey, 1990 and Denbow
ef al 1995). Who reported a lower feed
conversion in broiler fed high non-
phytate P compare with broiler fed lower
NPP as a DCP.

The bone ash values obtained in this
study indicated that birds fed low non-
phytate P with phytase probably wouldn't
have P deficiency (Table 3). This result
agreed with those of Carlos and Edward
(1998) who reported the same trend with
laying hens. Moreover, Sohail and
Ronald (1997) reported that birds fed
different levels of non-phytate P, re-
sponse differently to supplemental phy-
tase. The response to adding phytase was
more pronounced on the lower dietary
NPP treatments than the higher NPP
treatments. In other studies done by Dea-
bow &t al (1995); Mitchell & Edward
{1996a &b) and Qian e&f ol (1996 &
1997) that supplemental phytase im-
proves the quality of bone and its effect
on bone strength was greater at the lower
of NPP. Moreover, Ahmed ef al (2000)
and Broz et al (1994) revealed that phy-
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tase supplementation of a comn and soy-
bean meal of poultry diet increased the
tibia ash of broiler chicks, which may be
due to liberation of inorganic P and Ca
from the phytate molecular by supple-
menting phytase.

The normal level of Ca and P concen-
tration in blood serum of broiler chicks
are 8.9-13.0 and 4.5-7 mg/dl respectively
(Puls, 1988). In this study, all the vatues
for Ca and P were within the normal lev-
els, which mean that microbial phytase
releases phytate-P and increases the avail-
ability P to cover the reduction of DCP.
Rama Rao et al (1999) reported an in-
crease in P retention when phytase was
supplemented to basal diet of broiler.
This trend of P retention as a result of
phytase supplementation was also re-
ported by many investigators Broz et al
(1994); Kornegay & Qain (1994) and
Yi et al (1994). Moreover, improvements
in utilization of dietary Ca by supplemen-
tal phytase have been reported by
Mitchel & Edward (1996 a & b). This
may explain that all the values of Ca and
P concentrations in blood serum of chicks
from all groups were within the normal
levels. .

CONCLUSION

In conclusion, it is very clear from
these results that adding Phytase enzyme
to broiler ration with lower DCP (non-
phytate phosphorus), can give relatively
similar or close performance to chicks fed
regular ration with high DCP. This can be
considered as a good indication of the
efficiency of phytase enzyme in releasing
part or all phytate-P from plant feed. On
the other hand, more studies are needed
to identify the accurate levels of phytase

enzyme that must be used to release phy-
tate-P and consequently the amount of
DCP in broiler diets to reduce the envi-
ronumental poilution.
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