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SUMMARY

An experiment was conducted using day-old Hub-
bard® broilers in order to study the effect of mi-
crobial phytase on the performance of broilers in
a commercial farm for 39 days. The control diet
adequate in non-phytate phosphorus (0.5%) was
fed to one house with 14751 birds. The experi-
mental diet (low in non-phytate phosphorus 0.4%)
was fed to another house of 15345 birds after be-
ing modified using the matrix values for Rono-
zyme® P CT (phytase). Parameters measured in-
cluded body weight gain, feed conversion,
mortality, profit per bird, tibia ash (total ash, cal-
cium, phosphorus, magnesium and zinc percent-
ages), serum calcium, phosphorus, alkaline phos-
phatase as well as fecal calcium and phosphorus
output. Phytase supplementation (750 U/kg) to
the low non-phytate phosphorus diet significantly
improved body weight gain. Phytase-
supplemented birds consumed more feed than the

non-supplemented ones but feed conversion was
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not different between the two groups as well as
mortality %. However, phytase supplementation
significantly (P<0.01) increased serum calcium
and phosphorus levels and reduced alkaline phos-
phatase. Furthermore, phytase supplementation
significantly increased tibia weight, length and
zinc content but had no effect on tibia total ash,
calcium, phosphorus or magnesium co.ntent. Fe-
cal calcium and phosphorus output was signifi-
cantly (P<0.01) reduced by 32.9% and 27.9% re-
spectively in the phytase-supplemented group.
Results suggest that dietary phosphorus can be re-
duced without seriously affecting the skeleton of
broilers and that phytase would have other bene-
fits by reducing the cost of the diet as well as im-
proving birds liveweight gain, in addition to re-
ducing environmental pollution as manifested by
reduced fecal phosphorus output.
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INTRODUCTION

Phosphorus is one of the most essential macro-
mineral required by animals as it is involved in

many important metabolic processes in the body.

Therefore, it is important that animals receive ad-
equate supply of phosphorus in their diet. Phos-
phorus sources are the third most expensive ingre-
dients in poultry diet after protein and energy
sources. About 50-80% of phosphorus present in
cereal grains and soybeans is in the form of phy-
tate phosphorus (Jongbloed et al., 1991; Ravin-
dran 1995 and Broz, 1997). The ability of poultry
to utilize phosphorus bound to phytic acid (phy-
tate phosphorus) is generally assumed to be poor
(Ravindran et al., 1995; Kornegay, 1996). Phytic
acid is believed to has an anti-nutritive effects due
to its ability to bind other nutrients as calcium,
copper, magnesium, zinc (Vohra et al., 1965;
Oberleas, 1973; Morris, 1986) proteins and lipids
(Cosgrove, 1966). The bioavailability of phos-
phorus in corn and soybean meal for pigs and
poultry ranges from 10-30% (Nelson, 1967; Cal-
vert et al., 1978; Jongbloed and Kemme, 1990).

This low bioavailability of phytate phosphorus
creates two problems, first the need to include in-
organic phosphorus supplements to poultry diets
second, the excretion of large amounts of phos-
phorus in manure which in turn constitutes an en-
vironmental hazard. The addition of exogenous

phytase has been used to reduce the pollutant resi-
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dues, through improving the utilization of phytate
bound minerals in pig and poultry diets and de-
creasing the use of inorganic sources. The
amount of phytate degraded by dietary phytase in-
clusion reduces the need for inorganic phosphorus
addition by 1 to 1.2 g/kg in practical diets for pigs
and poultry (Yi ct al., 1994).

There has been a recent interest among poultry
nutritionists in studying the effects of phytase on
broiler performance. It was found that supple-
menting phytase to grower diets containing re-
duced levels of non-phytate phosphorus and cal-
cium significantly improved performance and
bone strength of broilers (Sohail and Roland,
1999). Namkung and Leeson (1999) showed that
growth rate and feed conversion of birds fed the
low P diets containing microbial phytase were
comparable with or even better than those for
birds fed the control diets. They also found that
phytase improved the digestibilities of essential
amino acids, which was also confirmed by Ravin-
dran et al. (2001). Additional studies showed the
beneficial effects of phytase in terms of improv-
ing Putilization via increased plasma phosphate

and tibia ash content (Kliinter and Steimle, 2001).

Most published studies evaluating the usefulness
of microbial phytase in poultry feeding have been
conducted using corn and soybean meal based
diets. Corresponding information on diets with
poultry byproducts in addition to corn and soy-

bean meal 1s lacking. Therefore this trial was de-
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signed in order to study the effect of dietary phy-
tase supplementation on performance of broilers
fed corn-soybean meal diet besides poultry by-
products as an animal protein from day old until

market weight.

MATERIALS AND METHODS

Birds, diets and experimental design:

In a commercial farm located in Alexandria prov-
ince, 14751 day old broiler chicks (Hubbard®)
served as control were fed a diet adequate in non-
phytate phosphorus (0.51%) during the starter pe-
riod and then 0.45% and 0.42% during the grower
and finisher periods respectively. In another
house the experimental group {15345 Hubbard®
broiler chicks) were fed a diet lower in non-
phytate phosphorus with 0.42% during the starter
period and then 0.37% and 0.33% during the
grower and finisher periods respectively. The ex-
perimental diet was supplemented with 750 phy-
tase units /kg (Ronozyme® P CT) throughout the
trial .z‘md modified on a least-cost basis by reduc-
ing the non-phytate phosphorus taking in consid-
eration the matrix value for phytase. According
to the international system for defining enzymes
activity, one phytase unit is defined as the quanti-
ty of enzyme that liberates 1uwmol of inorganic P/
minute from 1.5 mM of sodium phytate at pH 5.5
and 37°C. The used diets are shown in Tables 1-3.
Birds of both treatments were housed in con-

trolled temperature houses with 24 hour illumina-
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tion and presented with food and water ad libitum
throughout the 39-d trial. Birds that died from
both treatments during the study were weighed
and production parameters were adjusted for mor-

tality.

The variables measured were liveweight gain,
feed intake, feed conversion ratio, fecal calcium
and phosphorus output, serum calcium, phosphor-
us and alkaline phosphatase, tibia weight, length
and ash (total ash, calcium, phosphorus, magne-

sium and zinc).

Serum calcium, phosphorus and alkaline phos-
phatase:

Serum was separated from blood samples collect-
ed from 50 birds per treatment on 21 d and 39 d
of the experiment. Serum calcium levels were de-
termined according to the method of Gindler and
King (1972); serum phosphorus levels were deter-
mined according to the method of Goodwin
(1970) while alkaline phosphatase activity was
measured according to the method of Kind and

King (1954).

Tibia bone analyses:

At 39 d of age, 20 birds per treatment were select-
ed at random from each house and slaughtered.
The right tibia was dissected by removing any ad-
hering tissue then measured, weighed and dried at

105°C until a constant weight and then ashed in a
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muffle furnace at 550°C. Tibia total ash, calcium,
phosphorus, zinc and manganese were analyzed
using atomic absorption spectrophotometer ac-

cording to the method of (AOAC 1990).

Fecal calcium and phosphorus:

At 21 d and 39 d of age, fecal samples were col-
lected from each house at different locations,
dried and analyzed for calcium and phosphorus

content.

Statistical Analysis:

Data were analyzed statistically by running the
student-t test according to Snedcor and Cochran
(1974) using Statview 512+ (1986) software pro-
gram. Statements of probability are based upon

(P <0.05).

RESULTS AND DISCUSSION

Overall performance:

Liveweight gain was increased (P<0.01) by die-
tary- phytase addition (1.767 kg vs. 1.683 kg) as
shown in Table 2. Such results could be ex-
plained in part by the increased phosphorus avail-
ability resulting from phytase supplementation.
In addition, another reason for the improved
weight gain was the possibility that phytase im-
proved dietary quality and release of other trace
minerals and amino acids that were bound to the
phytate molecule. These results are supported by

the results of Beers and Jongbloed (1992}, Simon
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et al. (1992), Qian et al. (1996), Sohail and Ro-
land (1999), Namkung and Leeson (1999) and
Zhang et al. (2000). Selle et al. (1999) reported
an increase in weight gain in broilers fed meat
and bone meal in broiler standard diet supple-
mented with 600 phytase U/kg over the non-
supplemented ones, but this increase was insignif-
icant. Contrary to our results, Zanini and Sazzad
(1999) found no positive effect of phytase supple-
mentation on body weight of broilers and such re-
sponse was attributed to the large variation in
mean values because of the small number of birds

they used in their trial (96 day-old chicks).

The improved liveweight gains in our study were
mediated primarily via increased feed intake or
increased nitrogen retention (Selle et al. 1999).
This may be suggestive of improvements in the
utilization of nutrients other than phosphorus.
Furthermore, Cabahug et al. (1999) recorded in-
creases in the apparent ileal digestibility of amino
acids in response to phytase supplementation.
Keis and Selle (1998) reviewed the negative ef-
fects of phytic acid on protein utilization by broil-
ers which is the rationale for such responses to

added phytase.

Phytase supplementation (750 U/kg) resulted in
increased feed intake (P<0.05) (Table 2) com-
pared to the control birds (3.51 vs 3.37 kg/bird).

Similar results were obtained by Denbow ct al.
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'1995) who reported that both added inorganic
shosphorus and phytase increased feed intake
with the greatest response to added phytase at the
lowest non-phytate phosphorus level. Food con-
version {(FCR) was numerically better for the phy-
tase-supplemented birds but such difference was
insignificant (P>0.05). Similar resulis were also
recorded by Selle et al. (1999) who found a sig-
nificant increase in feed intake as a result of phy-
tase supplementation without influencing the
FCR. In our study, the magnitude of response to
phytase could have been higher if we had other
diets with much lower non-phytate phosphorus.
Such diets with very low non-phytate phosphorus

are impractical and would have caused economic

losses to the producer.

FCR for the phytase-supplemented group was nu-
merically better than the control group (1.99 vs.
2.0) similar results were also reported by Swiat-
kiewicz et al. (2001) and Cabahug et al. (1999)
who_also found that food/gain ratio was linearly
decreased with added phytase in both the medium
ind high phytic acid diets. The marginal -
srovement in FCR in our study may be also sug-

restive of improvements in the utilization of nu-

rients other than phosphorus.
Mortality was not influenced by dietary treatment

as should be expected and we did not have such

low dietary non-phytate phosphorus to seriously
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harm the birdsi health. Such results were reported

by others (Yan et al., 2001).

The profit per bird in the phytase-supplemented
group was better than in the control group (2.34

Egyptian pounds vs. 1.34) as shown in Table 2.

Such improvement in profit could result in higher
net returns (o the farm when phytase is used in
broiler production. Based on the prices of the diet
ingredients, modification of the experimental diet
resulted in a reduction in ingredients cost of feed-
ing. Such reduction in the cost of feeding coupled
with improved liveweight gain in the phytase-
supplemented group resulted in increased profit
per bird. Similar findings of improved feeding
cost were obtained by Selle et al (1999). There-
fore, phytase has the potential to reduce the cost
liveweight gain depending on relative feed ingre-

dients prices.

Serum calcium, phosphorus and alkaline phos-
phatase:

Serum calcium, phosphorus and alkaline phospha-
tase values for the two sampling periods (21 d and
39 d) are presented in Table 3. Diectary supple-
mentation of birds with 750 U/kg phytase resulted
in significantly (P<0.01) increased serum levels
of calcium and phosphorus. In addition phytase
supplementation significantly (P<0.01) reduced

serum alkaline phosphatase levels.



Atia et al. (2000) found that phytase supplementa-
tion to growing turkeys significantly improved
serum phosphorus level and reduced serum alka-

line phosphatase when birds were fed calcium ad-

equate diets and low in non-phytate phosphorus.

This confirms that phytase supplementation was
also able to correct blood values for such nutrients
when diets were formulated with low non-phytate
phosphorus. Kl nter and Steimle (2001) reported
that phytase supplementation increased the con-
centration of inorganic phosphate and reduced the
concentration of calcium in the plasma compared
to the control birds. The response became greater
with increasing dietary inclusion level of the phy-
tase up to 750 U/kg. In the present study, such fa-
vorable results in response to phytase supplemen-
tation are in agreement with liveweight gains and
bone measurements, which confirm that more nu-
trients were retained and made more available for
utilization.

Tibia bone measurements:

Tibia bone measurements are presented in Table
4. Dictary phytase supplementation significantly
(P<0.01) and
(P<0.05) than the control ones.

increased tibia weight length
However, there
was a trend regarding the total ash % which was
numerically higher in the phytase supplemented
group (P = 0.09), such result probably was due to

the variation of results within the treated group.
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Tibia calcium, phosphorus and magnesium were
not significantly affected as a result of dietary
phytase supplementation. On the other hand, tibia
zinc was significantly higher in the phytase- sup-
plemented group (P<0.05). Other workers have
demonstrated the impact of phytase on tibia pa-
rameters. Yan et al. (2001) reported that phytase
supplementation improved tibia ash markedly at
lower levels of non-phytate phosphorus; at higher
levels of non-phytate phosphorus that approached
or surpassed the amount needed to maximize tibia
ash, the addition of phytase was of little or no
benefit, as should be expected. Qian et al.(1996)
found that dietary supplementation of broiler diets
with 1050 U of phytase significantly increased the
tibia length while total ash percentage was not af-
fected as well as tibia magnesium content, but
zinc content was significantly increased. Zanini
and Sazzad (1999) reported that dietary phytase
addition led to an improvement in the DM intake,
resulting in higher intakes of nitrogen, phosphor-
us, calcium and zinc. It is suggested that this ef-
fect is related to improved retention of such nutri
ents and to the increase in the calcium and zim
concentrations in the tibia. The results sugges
that stronger bones of broilers fed diets containin
high level of non-phytate phosphorus or supple
mented with phytase resulted from better minera

ization of bone.
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Fecal calcium and phosphorus output:

Fecal calcium and phosphorus data are shown in
Figure 1. Phosphorus is a critical component in
poultry waste that could leave the site of applica-
tion and can cause environmental pollution (Kor-
negay, 1996). Supplementing poultry diets with
phytase seems to be a practical approach to de-
crease environmental pollution. In our study as
shown in Figure 1. fecal calcium and phosphorus
was significantly (P<0.01) reduced by 32.9 % and
27.9% respectively in the phytase-supplemented
group. Our findings generally confirmed the ear-
lier results obtained by Yi et al. (1996), which
showed that dietary supplementation of phytase
improved phosphorus retention by 8.3 to 22.0%

when compared with negative control diets.

Much larger reductions in phosphorus excretion

were observed when phytase-supplemented
groups were compared with positive control diets
(Zhang et al. 2000). Kornegay (1999) suggested
that when phytase is added at 500 to 750 U/kg
diet, phosphorus excretion is reduced to 31.8 to
35.7% compared with phosphorus excretion when

recommended phosphorus levels are fed. Our re-
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suits confirm the hypothesis that dietary phytase
improves calcium and phosphorus retention as
manifested by reduced fecal output of these twon-

utrients.

Conclusion

Phytase supplementation significantly improved
the growth performance of broiler chickens over
the non-supplemented birds. The results also
demonstrated that phosphorus and calcium utiliza-
tion was improved as manifested by increased ser-
um calcium and phosphorus levels due to phytase
supplementation. Furthermore,  phytase-
supplemented birds excreted less calcium and
phosphorus than non-supplemented birds, which
indicates better calcium and phosphorus retention
and can reduce environmental pollution. Tibia
parameters were also improved with phytase sup-
plementation. Therefore, broilers can be fed a
diet lower in non-phytate phosphorus after taking
in consideration the matrix values for phytase
without jeopardizing normal bone development.
Finally, phytase supplementation: can reduce the
cost of feed by reducing the amount of phosphor-

us supplements to the feed.
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Table (1): Composition of dicts fed to broiler chickens during starter,
grower, and finisher phases

] Starter | Starter + { Grower | Grower | Finisher | Finisher
Ingredients control | Phytase } control |+ Phytase | control }+ Phylase
% %o %o %o %o o
Corn, yellow 53.61 54.41 54.81 55.97 60.42 61.11
SBM(44%CP) 3529 | 35.15 33.14 32,1 26.75 26.62
Vegetable oil 422 3.88 5.46 5.06 4.73 4.51
Poultry byproducts 3 3 271 3.30 5.0 5.0
Bone meal 2.69 1.98 2.35 1.61 1.97 1.07
Limestone 0.35 0.71 0.65 1.0 0.51 0.86
Salt 0.3 0.3 0.3 0.3 0.3 0.3
Premix* 0.3 0.3 0.3 0.3 03 03
DL-Methionine 0.24 0.24 0.28 0.28 0.20 0.20
(75%)Liquid
Phytase 0 0.03 0 0.03 0 0.03
Calculated
Analysis
Energy, Keal / kg 3042 3036 3135 3134 3184 3185
Protein% 21.87 21.87 20.86 20.87 19.90 19.9
Calcium% L1 1.0 1.1 1.0 0.95 0.88
- Non-phytate P,% 0.51 0.42 0.45 0.37 0.42 0.33

* Premix supplied / kg feed . vitamin A 12 MIU , vitamin D3 22 MIU, vitamin E
10,000 mg , vitamin k3 2,000 mg , vitamin B1 1,000 mg , vitamin B2 5,000 mg , nia-
cin 30,000 mg , panatothenic acid 10,000 mg , vitamin B6 1,500 mg , vitamin B12 10
mg, folic acid 1,000 mg , biotin 50 mg , choline chloride 500,000 mg , selenium 100
mg , copper 10,000 mg, iron 30,000 mg , manganese 60,000 mg , zinc 50,000 mg , io-
dine 1,000 mg , cobait 100 mg.
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Table (2):
performance of broiler chickens

Effect of phytase supplementation on overall

Parameter Control Phytase
supplemented

Number of birds 14751 15345
Phytase, U/kg diet 0 750
Liveweight gain, kg 1.683 1.767%*
Feed consumption 3.37 3.51%
(kg/bird)
FCR 2.0 1.99
Mortality, % 5.24 5.28
Profit/bird 1.34 2.34
(EGP)

* (P<0.05), ** (P<0.01), EGP = Egyptian Pound

Table (3): Effect of phytase supplementation on serum calcium, phosphorus and alkafine

phosphatase levels in broilers

Control Phytase- Supplemented
Age (days)
Ca (mg/dly | P (mg/dl) | ALP (U/L) Ca(mg/dl) | P (mg/dl) | ALP (U/L)
21 9.90 5.10 389.0 10.95%* £.34%+ 371.5%*
39 9.92 5.30 357.63 12.00** 6.64%* 347 5%

Values are means,

** (P <0.01) compared to the control ,

ALP= alkaline phosphatase.

4
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Fig. (1): Average % excreted calcium and phosphorus in the

manure of broilers.
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Table (4): Effect of phytase supplementation on tibia measurements

of broilers at slaughter (39 days of age)

Parameter Control (_};%Y{?ffg) P Value

Weight, g 16.38 19.87 P<0.01
10,64 +0.74

Length, cm 10.04 10.78 P<0.05
+0.18 +0.09

Ash % 37.30 3826 P=0.09
H).45 +0.61

Calcium, % 42.6 43.0 P=0.82
+0.42 +0.32

Phosphorus, % 11.7 12.3 P=0.73
+0.27 +0.33

Magnesium, % 30 34 P=0.84
£0.12 +0.3

Zinc, mg % 3.28 5.4 P=0.03
+0.68 H74

Values are means % SE.
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