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Abstract: A six wk feeding experiment was conducted with d-old four hundred broiler chicks (Ven Cobb) to
determine the effects of microbial phytase (Allzyme) supplementation in soybean meal based broiler diet
containing low phosphorous. These birds were randomly divided into four dietary treatment groups of 100
broilers each. Each treatment group was further sub-divided into five replicates of 25 broilers per replicate.
The treatments groups were control; low phosphorus; low phosphorus plus 250 PU phytase/kg diet; low
phosphorus plus 500 PU phytase/kg diet. There were significant effects of dietary treatments on hody weight,
body weight gain, feed intake and feed conversion ratio at 0 to 42 days. The body weight and the body weight
gain of the broilers fed the control and low phosphorus plus phytase diet were heavier (p<0.05) than other
treatment. Feed conversion ratio of broiler fed on low phosphorus plus phytase 500 PU/kg was significantly
better (p<0.05) than that of broilers fed on low phosphorus phytase supplementation had no effect on broiler
mortality. Concentration of blood metabolites were unaffected (p>0.05) by the dietary treatments.
Supplemental phytase (500 PU/kg) maintained the same plasma concentration of Ca and P as found in
control whereas the concentration of Fe. Mn and Zn was unaffected by the dietary treatments. The percentage
of tibia ash, Ca and phosphorus and retention of Ca and P was significantly increased by the addition of
microbial phytase to low phosphorus diet. This study demonstrates that microbial phytase can compensate

the untoward effect of low phosphorus levels in the soybean meal based broiler diet.
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Introduction

Protein part of a poultry ration is met up mainly with
vegetable proteins plus little amount of animal protein
(Alam et al., 2003). In poultry ration, protein costs involve
about 45 per cent of the total feed cost (Lester, 1989).
Among vegetables protein sources, soybean meal is
comparatively cheaper and available in India throughout
the year. lts nutritive value is quite fine when compared
with other plant protein sources. But this mostly
available and cheaper soybean meal is not suitable for
using in higher amounts in poultry diet, because of its
some antinutritional factors like phytate phosphorus,
trypsin inhibitors, non-starch polysaccharides,
oligosaccharides and lectins (Acamovic, 2001; NRC,
1994) which decrease feed consumption, growth rate
and feed utilization. The major portion of phosphorus in
soybean is in the form of phytate, which is largely
unavailable in monogastric animals like poultry. These
adverse effects of soybean meal could possibly be
overcome by dietary supplementation of exogenous
phytase (Bozkurt et al, 2008) which improve the
availability of phytate-bound phosphorus and to reduce
the phosphorus levels in effluent from intensive livestock
operations. In addition to reducing phosphorus
availability, phytates can also chelate divalent cations
such as Ca, Mg, Fe, Zn, Cu, Mn and also can reduce
protein availability (Ravindran et af, 2001; Bedford and
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Schulze, 1998). Diets deficient in P depressed growth
rate and feed efficiency (Fernandes et a/., 1999; Li et af,
2000), but microbial phytase supplementation has been
shown to relieve the detrimental effects. Studies have
shown that exogenous dietary phytase improves phytate
phosphorus utilization and enhanced over all
performance in broilers {(Atia ef a/., 2000; Waldroup et af,
2000; Bozkurt et al., 2008). So there is a chance to study
the effect of microbial phytase in soybean meal based
broiler diets containing low phosphorous.

Materials and Methods

Birds and experimental design: Four hundred d-old
commercial broilers (Ven Cobb) were randomly divided
into four dietary treatment groups of 100 broilers each.
Each treatment group was further subdivided into four
replicates of 25 birds. All broilers were fed a typical
commercial broiler starter diet for the first 3 wks of the
experiment followed by finisher diet up to 6 wks. The
treatment groups were control diet, a low phosphorous
diet; low phosphorous plus 250 PU phytase (Allzyme)/kg
diet and a low phosphorous plus 500 PU phytase/kg
diet.

Housing and management: Chicks were housed in a
battery type California cages which were cleaned
thoroughly  with  formaldehyde and potassium
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Table 1: Ingredients and chemical composition of starter and
finisher diet

Attributes Starter Finisher

Basal Low P Basal Low P
Ingredients, % air dry basis
Maize 551 551 65.0 65.0
Soybean Meal 39.0 39.0 31.0 31.0
Sesame Cake 3.0 3.0 - -
Soybean Oil - - 1.0 1.0
Di-Calcium Phosphate 15 0.75 15 0.75
Lime stone powder 0.20 0.20 0.20 0.20
Deoiled rice bran 0.64 1.39 0.74 1.49
lodized Salt 0.10 0.10 0.10 0.10
Vitamin premix 0.02 0.02 0.02 0.02
Trace mineral mixture 0.10 0.10 0.10 0.10
Chaoline Chloride (60%) 0.05 0.05 0.05 0.05
Lincomycine (1%) 0.03 0.03 0.03 0.03
DL-Methionine 0.15 0.15 0.15 0.15
L-Lysine 0.05 0.05 0.05 0.05
Maduramycin 0.05 0.05 0.05 0.05
Mould inhibitor 0.01 0.01 0.01 0.01
Chemical composition®
Crude protein, % 20.05 20.14 18.35 18.43
Ether extract, % 3.68 3.77 5.02 5.1
ME, Kcalfkg® 2830 2835 2910 2015
Calcium, % 1.22 1.05 1.10 0.94
Total P, % 0.65 0.52 0.63 0.50
Available P, %" 0.46 0.31 0.45 0.30

T Composition of each Kg trace mineral mixture : Cu, 15g.; Co,
02g.; Fe, 80g.; Zn, 80g.; Mn, 80g.; |, 02g.; Se, 0.3g.; Mo, 0.1g.
1 Each Kg contains : Vitamin A- 80 MIU; Vitamin Dy~ 12 MIU;
Vitamin E- 70g; Vitamin K; -8g; Vitamin B;- 6.4g; Vitamin B~
40g; Vitamin B.-12.8g; Vitamin B,,-160mg; Nicotinic acid- 80g;
Vitamin Bs- 115g; Folic acid-4g; Biotin-24mg. *Assayed value.
“Calculated on the basis of standard values applicable under
Indian condition (Singh and Panda, 1996).

permanganate solution three days prior to arrival of
birds. The d-old chicks were offered electrolyte solution
upon arrival. Birds were maintained on a 24 hours
constant light schedule. The brooding temperature was
maintained close to their requirement, first by heating
device for 3 days following arrival of chicks. Then no
additional heating was required as the summer room
temperature was found appropriate up to 3 weeks and
finally by turning cooler fan during day time for the last 3
weeks of rearing period. The birds were vaccinated
against Ranikhet disease and Infectious Bursal
Disease on d 7, 14 and 21 and provided antibiotic for the
first 5 days as per recommendation.

Details of the feeding regimens: The chicks were
offered maize soybean meal based diet (broiler starter
and broiler finisher in mash form). These diets were
formulated to meet or exceed the BIS (1992) nutritional
requirement of broiler chicken. The diets were fortified
with mineral and vitamin premix as per the standard
stipulated by the Bureau of Indian Standard for broiler
chickens (1992). Ingredients and chemical composition
of basal diet were presented in Table 1. Total amount of

feed offered during 24 hours to a replicate under a
specific treatment groups was divided into 3 equal
proportions. The amount and timing of feed was
adjusted in such a way that the birds consume the
whole of the diet offered at any one time. As a result
hardly any residue can be obtained from the replicate
after a days feeding. The standard techniques of the
proximate analysis were used to determine nutrient
content of experimental diets (AOAC, 1995).

Record Kkeeping: Individual body weight and feed
consumption of broilers from all pens were measured at
the 0, 21 and 42 day of age. Mortality of each pen was
recorded on a daily basis. Feed conversion ratio was
adjusted according to the feed consumption of the dead
broilers. Body weight was recorded before offering feed.
Body weight gain was obtained by calculation.

Metabolism trial: A metabolic trial of 3 days duration
was conducted during the last three days of 6 week of
feeding trial. During the metabolic trial total amount of
feed consumed and total amount of excreta voided from
each replicate of the individual experimental group was
quantified. The excreta from each replicate was collected
in a previous weighed clean and dry petridish and was
oven dried at 100 £ 2°C for subsequent estimation of Ca
and P.

Chemical analysis of feed and faeces samples: The
dietary ingredients were dried at 70"C for 12 hrs in a hot
air oven and ground to pass through a 1 mm sieve, were
analyzed for DM, Crude protein and ether extract (AOAC,
1995). Calcium concentration of feed and faeces
samples was determined by Flame Atomic Absorption
Spectrophotometer (A Analyst 100, Perkin- Elmer Inc.,
USA). Phosphorous in the feeds and faeces were
determined colorimetrically (AOAC, 1995).

Collection, processing and analysis of hlood samples:
Two birds from each replicate were slaughtered on d 43
by severing the carctid artery and jugular vein and blood
samples were collected for analyses of plasma glucose,
proteins (total proteins, albumin), cholesterol, enzymes
{aspertate aminctransferase (AST) and alanine
aminotransferase (ALT)} and minerals (Ca, P, Fe, Mn
and Zn). Blood samples (approx. 10 ml) collected in
heparinized vacuitainer tube (Becon Dickinson India Pvt.
Ltd.,, New Delhi, India) for biochemical study.
Immediately after collection, tubes were placed in an ice
bath and transported to the laboratory. Plasma was
harvested subsequently by centrifuging the whole blood
samples at 3000 rpm for 15 min in centrifuge machine.
The heparinized plasma samples were stored at -20°C
in Eppendorf tubes and analyzed subsequently. Plasma
glucose, total protein, albumin, cholestercl, ALT and AST
were analyzed in the Automatic Blood Analyzer (Microlab
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Table 2: Effect of microbial phytase supplementation on the performance of broiler

Aftributes Age, Control Low P 250 PU 500 PU SEM P
day Phytasefkg Phytase/kg

Body weight, g 0 398.18 30.22 39.45 38.75 0.52 0.125
21 660.52° 601.32° 621.37* 643.84° 17.21 0.034
42 2186.3° 21126 2141.5° 2168.2° 19.24 0.026

Body weight gain, g 0-21 621.34° 562.1° 581.92* 604.73° 18.54 0.039
0-42 2147.1° 2073.4° 2102.1¢ 2129.5° 19.37 0.015

Feed intake, g 0-21 950.3* 925.6° 925.4° 935.72 2325 0.021
0-42 4012.2° 4065.4 4051.2¢ 4002 .2° 32.34 0.036

FCR, g/g 0-21 1.52° 1.64° 1.59" 1.54° 0.02 0.015
0-42 1.86° 1.85° 1.92¢ 1.87° 0.02 0.027

Survivability, % 0-42 99.21 99.31 99.24 99.34 0.24 0.138**

Means within row with no common superscripts differ significantly (P<0.05).

200, E-Merck India Ltd.,, Mumbai, India) using
commercial kit (Transasia Bio-Medical Ltd.,
Ringanwada, Daman, India). Plasma minerals except P
were determined as per the method described by
Sandel (1950) and modified by Arenza et al. (1977)
utilizing atomic absorption spectrophotometer (Perkin
Elmer A Analyst 100). Plasma P was estimated by the
method described by Fiske and Subbarow (1925).

Collection, processing and analysis of hone samples:
At 43 days of age, two broilers per replicate,
representative of the mean body weight, were killed by
cervical dislocation; the right tibia of each broiler was
removed and stored in a freezer at -18°C for studying
bone length and breadth, total ash and mineral (Ca, P
and Zn) content. Tibias were cleaned by removing
adhering tissue, then dried at 105°C for 24 h and
extracted with ether, dried again and reweighed. The
length and breadth of dry fat-free bones were calculated
by using slide calipers. Bones were burned in a muffle
furnace at 600°C for 6 h. Bone mineral concentration
was determine by following the same procedure of
minerals estimation of feeds and faeces.

Statistical analysis: The data were analyzed using the
General Linear Models procedure of SPSS (1997).
Significant differences between treatment means were
separated using the Duncan’s multiple range test.

Results and Discussion

Performance: The effects of microbial phytase
supplementation on the performance of broiler are
shown in Table 2. Reducing total phosphorus level from
0.65% to 0.52% during starter and 0.63% to 0.50%
during finisher significantly depressed body weight at d
21 and 42, and body weight gain at d 0 to 21 and O to 42
compared with control diet. This lower body weight was
due to deficiency of phosphorus in broilers fed 0.52%
and 0.50% phosphorus level, which was slightly below
the recommended level for broilers during starter and
finisher period (NRC, 1994). This effect of phosphorus
deficiency was also reported in broilers (Sohail and
Roland, 1999; Fernandes ef al. 1999, Bozkurt ef af,
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2008) and ducks (Orban et al,, 1999). However, phytase
supplementation at the level of 500 PU/kg diet to the
starter and finisher diet ameliorated this negative effect
but the level of 250 PU/kg diet failed to achieve the body
weight of control. Broilers fed 0.50% phosphorus
weighted 2112.6 g as compared with 2188.2 g for
broilers receiving 0.50% phosphorus plus phytase at d
42. Phytase supplementation to low phosphorus diet
also improved the body weight gain of broilers either the
at 0 to 21 or 0 to 42 day intervals. These results were in
agreement with those of Qian et al (1997), Huff ef al.
(1998), Namkung and Leescn (1999), Zyla et al. (2000)
and Bozkurt et af. (2006) which reported that the growth
rate and feed conversion ratio of broilers fed the low
phosphorus diets containing microbial phytase are
comparable with or even better than those obtained for
broilers fed the standard phosphorus diets. These
results supported the concept that phytase was
improving phosphorus availability and phosphorus level
can be lowered in soybean based broiler starter and
finisher diets added phytase.

Phytase supplementation to the low phosphorus diet at
500 PU/kg improved (P<0.05) feed conversion ratio of
broilers at both d 21 and 42 compared with low
phosphorus diet without phytase and low phosphorous
plus 250 PU/kg. The current study supports the
observations of Huff et af. (1998), Sohail and Roland
(1999), Ravindran et al. (2001) and Bozkurt et a/. (2006)
who reported that phytase supplementation to broiler
grower diets caused numerical improvements in feed
efficiency of broilers fed a phosphorus deficient diet
compared to phosphorus adequate diet fed without
phytase. Feed intake and feed efficiency of broilers fed
diet containing phytase (500 PU/kg) were also similar to
those broilers fed control diet containing dicalcium
phosphate. The results indicate that phytase at 500
PU/kg released phytate phosphorus that was adequately
utilized for growth in a similar manner as would
phosphorus supplied by dicalcium phosphate. But this
effect of phytase supplementation was not encountered
at the level of 250 PU phytase/kg diet. Similar results
were observed for the broiler, duck and turkey diets
respectively (Huff ef af,, 1998, Orban ef af., 1999, Atia ef
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Table 3: Effect of microbial phytase supplementation on blood metabolites of broiler

Aftributes Control Low P 250 PU Phytaselkg 500 PU Phytaselkg SEM
Glucose, mg/dl 174.67 175.33 176.02 175.06 5.78
Total protein, mg/dl 7.07 6.69 6.75 6.85 1.32
Albumin, mg/d| 247 2.53 2.47 2.47 0.86
Cholesterol, mg/dl 93.11 93.42 93.67 93.52 3.42
Aspertate aminotransferase, U/l 86.33 87.33 85.00 84.33 4.41
Alanine aminotransferase, U/ 612 8.21 6.67 7.33 2.92

al., 2000). This result suggests that phytate phosphorus
released by phytase was sufficient to meet starter and
finisher broiler's growth requirements. The survivability
of birds during the experimental pericd did not differ
significantly. The survivability of all dietary treatment
groups was hearer to 100%. It indicates that dietary
supplementation had no detrimental effect on
survivability. Survivability results of birds during entire
experimental period indicated that enzyme
supplementation had no effect on mortality. This result
coincides with the finding of Alam et af. (2003); Lan et af.
(2002). They also reported no effect of phytase
supplementation on survivability results.

Blood metabolites: Concentration of plasma glucose,
proteins, cholesterol and enzymes of broiler chicken
supplemented with microbial phytase presented in
Table 3. Effect of phytase supplementation to a low P
diet has no effect on plasma glucose, proteins and
cholesterol. No significant effects of treatments were
found on plasma alanine aminotransferase (ALT) and
aspertate aminotransferase (AST). Concentration of
these plasma enzymes signified that the birds were
apparently healthy throughout the experimental period
which can also be correlated with the findings of
survivability.

Plasma minerals: Reducing total P level in the dist
significantly decreased plasma Ca and P concentration
but this reduction amended when phytase was added in
the diet at the level of 500 PU/kg (Table 4). Supplemental
phytase at the level of 250 PU/kg failed to achieve the
level of plasma Ca and P as found in control.
Concentration of plasma Fe, Mn and Zn were unaffected
by the dietary treatment. Similar findings were also
reported in broiler breeder (Bhanja ef a/, 2005). In
another study Sebastian ef a/. (1996) reported microbial
phytase increased the plasma P by 15.7% and
reduced (p<= 0.05) the Ca concentration by 34.1%, but
had no effect on plasma concentrations of Cu or Zn in
broilers where the findings regarding the Ca
concentration contradict with the present findings.

Length, breadth and mineral content of tibia: The
effects of microbial phytase supplementation to low
phosphorus diet on length, breadth and mineral content
of tibia are presented in Table 5. Reduction of P level in

204

the diet reduced (p<0.03) length and breadth of tibia
compared to control but this effect amend when phytase
was added in the diet at the 500 PU/kg. The
improvement of length and breadth of tibia by
supplementing phytase is indicative of deposition of
mineral in tibia. The percentage of tibia crude ash was
significantly increased by the addition of dietary phytase,
an observation that agrees with the previous studies
dealing with broilers (Sabestian et al., 1996; Zyla et af.,
2000), Pekin ducks (Orban et al., 1999) and turkeys (Atia
et al., 2000). However, as it was reported in some
experiments (Fernandes et a/., 1999; Harter-Dennis and
Sterling, 1999; Bozkurt et af., 2006), dropping dietary
phosphorus level decreased tibia ash, also in the
current study. Phytase supplementation to diets
increased the content of Ca and P in the tibia compared
with diet containing low phosphorus. Such an
improvement in ash and phosphorus percentage in tibia
was described by Sabestian ef al (1996) as a good
indication of increased availability of phosphorus from
phytase-mineral complex by the action of phytase. The
response of tibia characteristics such as tibia ash and
phosphorus content to dietary levels of microbial
phytase in the present study was similar to previous
observations reported in broilers and ducks, in which
dietary phytase phosphorus was found to increase tibia
ash and phosphorus percentage (Orban ef af, 1999,
Sohail and Roland, 1999). Bone Zn level was increased
(p<0.05) when phytase was added in the diet. This
finding corroborates with the findings of Zanini and
Sazzad (1999) where they reported increased the
concentration of Ca and Zn in the tibiae by phytase
supplementation. Phytate can reduce Zn availability by
chelateing divalent Zn and phytase supplementation can
release this Zn which increases its concentration in
bone.

Calcium and phosphorous retention: The improvement
in Ca and P retention was found when phytase was
added in low phosphorus diet indicate phytase reduced
the amount of inorganic phosphorus in starter and
finisher diet of broiler (Table 5). The report of Simons et
al. (1990) showed that the availability of phosphorus
increased to over 60% and the amount of phosphorus in
manure decreased by 50% when microbial phytase was
added to low phosphorus diets. The phytase
supplementation improved P availability resulting in low
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Table 4: Effect of microbial phytase supplementation on plasma minerals of broiler

Attributes Control Low P 250 PU 500 PU SEM P
Phytasefkg Phytasefkg

Calcium, mg/d| 10.822 9.58¢ 9.99° 10.52¢ 0.28 0.045

Phosphorous, mg/dl 7177 6.36° 6.63° 6.97° 0.12 0.036

Iron, igiml 4.68 4.25 4.70 4.88 0.14 0.025

Manganese, ig/ml 0.62 0.60 0.64 0.69 0.02 0.034

Zinc, ig/ml 3.84 3.78 3.77 3.87 0.15 0.038

**Means within row with no common superscripts differ significantly (P<0.05).

Table 5: Effect of microbial phytase supplementation on physical characteristics of bone, bone minerals and mineral retention of broiler

Attributes Control Low P 250 PU 500 PU SEM P
Phytasefkg Phytasefkg

Physical characteristics

Length, cm 12.27 12.05° 12.05° 12.33% 0.18 0.032

Breadth, mm 17.112 16.31° 16.96° 17 .46° 0.66 0.003

Bone minerals

Total ash, % 31.04% 20.21° 30.54¢ 33.56° 1.1 0.002

Calcium, % 26.15° 2576 26.03° 2678 0.24 0.024

Phosphorous, % 19.51° 18.50° 19.03° 19.86° 0.39 0.036

Zinc, mgfkg 134,357 130.47° 132.40° 134.75° 0.21 0.028

Mineral retention

Calcium, % 67.2¢ 58.7° 66.6° 67.7% 0.46 0.042

Phosphorus, % 55.7° 52.7° 54.6" 55.8% 0.33 0.035

“*Means within row with no common superscripts differ significantly (P<0.05).

P excretion (Um ef al., 2000) and increased retention of
Ca, P (Lim et al, 2001). These findings affirm the
present findings.

The results of this study suggest that microbial phytase
in broiler starter and finisher diet enhanced the
availability of phosphorus that supported the growth
performance, increased tibia ash and phosphorus
content, retention of Ca and P. The results of this study
showed that the incorporation of phytase in the soybean
based broiler starter and finisher diet improved Ca and
phosphorus availability. The increasing of phosphorus
availability may reduce the amount of phosphorus that
would be excreted in the manure, thus reducing the
environmental pollution potential.

It can be concluded that with 500 PU of microbial
phytase/kg, dietary phosphorus can be reduced to 0.52
and 0.50 in starter and finisher diet of broiler without
affecting performance and overcame the depression of
growth rate observed on the low phosphorus diet.

References

Acamovic, T., 2001. Commercial application of enzyme
technology for poultry production. World’'s Poult. Sci.
J., 27 225-237.

Alam, M.J., M.A R. Howlider, M.A.H. Pramanik and M.A.
Haque, 2003. Effect of exogenous enzymes in diet
on broiler performance. Int. J. Poult. Sci., 2: 168-173.

AOQAC., 1995, Official Methods of Analysis, Association of
Officials Analytical Chemist. Vol. — |, 16" Ed., AOAC
international, Arlington, USA.

Arenza, J.5., S.D. Hathi, B. Singh and P.N. Verma, 1977.
Status of some micro minerals in neonatal buffalo
calves and their mothers. Ind. J. Dairy Sci., 30: 255-
259

205

Atia, F.A., P.E. Waibel, |. Hermes, C.W. Carlson and M.M.
Woalset, 2000. Effect of dietary phosphorus, calcium
and phytase on performance of growing turkeys.
Poult. Sci., 79: 213-239.

Bedford, M.R. and H. Schulze, 1998. Exogenous
enzymes for pigs and poultry. Nutr. Res. Rev., 11:
91-114.

Bhanja, 5.K, V.R. Reddy, A K. Panda, S.V. Rama Rao
and R.P. Sharma, 2005. Effect of supplementing
microbial phytase on performance of broiler
breeders fed low non-phytate phosphorus diet.
Asian-Aust. J. Anim. Sci., 18: 1299-1304.

Bozkurt, M., M. Cabuk and A. Alcicek, 2006. The effect of
microbial phytase in broiler grower diets containing
low phosphorous, energy and protein. J. Poult. Sci,,
43: 29-34.

Bureau of Indian Standard (BIS), 1992, Nutrient
Requirements for poultry. In: Animal Feeds
and Feeding Stuffs - Determination of Calcium
and Magnesium in Mineral Supplements IS:
13574.

Fernandes, J.|.M., F.R. Lima, Jr., C.X. Mendonca, |. Mabe,
R. Albuquerque and P.M. Leal, 1999. Relative
bicavailability of phosphorus in feed and agricultural
phosphates for poultry. Poult. Sci., 78: 1729-1736.

Fiske, C.H. and Y. Subbarow, 1925. The colorimetric
determination of phosphorus. J. Biol. Chem., 66:
375-379.

Harter-Dennis and K. Sterling, 1999. Evaluation of
phytase in corn based diets in male broilers from
21-42 days of age. Poult. Sci. 78(Suppl. 1): 137
(Abstract).



Mondal et al.. Microbial Phytase in Soybean Meal Based Broiler Diets

Huff, W.E., P.A. Moore, P.W. Waldroup, A.L. Waldroup,
J.M. Balog, G.R. Huff, N.C. Rath, T.C. Daniel and V.
Raboys, 1998. Effect of dietary phytase and high
available phosphorus corn on broiler chicken
performance. Poult. Sci., 77: 1899-1904.

Lan, G.Q., N. Abdullah and S. Jalaludin, 2002. Efficacy of
supplementation of a phytase producing bacterial
culture on the performance and nutrient use of
broiler chickens fed corn-soybean meal diets. Poult.
Sci., 81: 1522-1532.

Lester, J.S., 1989. Nutrition and diet in human health
and diseases. 3" ed. W.B. Saunders Company,
Philadelphia and London.

Li, Y.C., D.R. Ledoux, T.L. Veum, V. Raboy and S. Er,
2000. Effect of low phytic acid corn on phosphorus
utilization, performance and bone mineralization in
broiler chicks. Poult. Sci., 79: 1444-1430.

Lim, H.S., H. Namkung, J.5. Um, K.R. Kang, B.S. Kim
and |.K. Paik, 2001. The effects of phytase
supplementation on the performance of broiler
chickens fed diets with different levels of non-
phytate phosphorus. 14:250-257.

Namkung, H. and S. Leeson., 1999. Effect of phytase
enzyme onh dietary nitrogen-corrected apparent
metabolizable energy and ileal digestibility of
nitrogen and amino acids in broiler chicks. Poult.
Sci., 78: 1317-1319.

NRC, 1894, National Research Council. Nutrient
Requirement for Poultry. Ninth Revised Ed. National
Academy Press, USA.

Orban, J.L., O. Adeola and R. Strashine, 1999. Microbial
phytase in finisher diets of white pekin ducks : effect
on growth performance, plasma phosphorus
concentration and leg bone characteristics. Poult.
Sci., 78: 366-377.

Qian, H., ET. Kornegay and D.M. Denbow, 1997.
Utilization of phytate phosphorus and calcium as
influenced by microbial phytase, cholecalciferol, and
the calcium:total Phosphorus ratio in broiler diets.
Poult. Sci., 76: 37-46.

Ravindran, V., P.H. Selle, G. Ravindran, P.C.H. Morel,
A K. Kies and W.L. Bryden, 2001. Microbial phytase
improves performance, apparent metabolizable
energy and ileac amino acid digestibility of broilers
fed a lysine-deficient diet. Poult. Sci., 80: 338-344.

206

Sabestian, S., S.P. Touchburn, E.R. Chavez and P.C.
Lague, 1996. The Effects of supplemental microbial
phytase on the performance and utilization of dietary
calcium, phosphorus, copper and zinc in broiler
chickens fed cornsoybean diets. Poult. Sci., 75: 729-
736.

Sandel, E.E., 1950. Colorimetric determination of traces
of metals. Inter science Publishers, INC, New York.

Simons, P.C.M., H A J. Versteegh, A.W. Jongbloed, P.A.
Kemme, P. Slump, K.D. Bos, M.G.E. Wolters, R.F.
Beudeker and G.J. Verschoor, 1990. Improvement
of phosphorus availability by microbial phytase in
broiler and pigs. Br. J. Nutr., 64: 525-541.

Singh, K.S. and B. Panda, 1996. Poultry Nutrition (3"
ed.), New Delhi: Kalyani Publishers. pp: 259-269.

Sohail, 5.8, and D.A Roland, 1999. Influence of
supplemental phytase on performance of broiler
four to six weeks of age. Poult. Sci., 76: 1535-1542.

SPSS, ©, 1997. Statistical Package for Social Sciences,
Base Applications Guide 7.5, Chicago, USA.

Um, J.S., H.S. Lim, S.H. Ahn and | K. Paik, 2000. Effects
of microbial phytase supplementation to low
phosphorus diets on the performance and
utilization of nutrients in broiler chickens. Asian-
Aust. J. Anim. Sci., 13: 824-829.

Waldroup, P.W., J.H. Kersey, E.A. Saleh, C.A. Fritts, F.
Yan, H.L. Stilborn, R.C. Crum and V. Raboy, 2000.
Nonphytate phosphorus requirement and
phosphorus excretion of broiler chicks fed diets
composed of normal or high available phosphate
corn with and without microbial phytase. Poult. Sci..
79: 1451-14589.

Zanini, S.F. and M.H. Sazzad, 1999. Effects of microbial
phytase on growth and mineral utilisation in broilers
fed on maize soyabean-based diets. Brit. Poult. Sci.,
40: 348 - 352.

Zyla, K., J. Koreleski, A Swiatkiewicz Wikiera, M.
Kujawski, J. Piironen and D.R. Ledovx, 2000. Effects
of phosphorolytic and cell wall-degrading enzymes
on the performance of growing broilers fed wheat-
based diets containing different calcium levels.
Poult. Sci., 79: 66-67.



	IJPS.pdf
	Page 1


