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Abstract: The effects of microbial phytase supplementation on growth performance, ileal digestibility of
protein and ether extract, amount of excreted phosphorus and bone development was investigated in a 3
weeks trial using 192 mixed sex, day-old Ross 508 broiler chicks fed corn-soybean meal diet. The trial was
set up according to completely randomized design. Day-old chicks were randomly distributed into three story
cage units with wire floor. Thus, each of dietary treatment had 8 replications in which 8 birds were assighed.
Three dietary treatments according to available phosphorus (AP) levels were respectively, A) positive control
(0.45% AP), B) negative control (0.35% AP) and C) negative control+Phytase (0.35% AP) in diets. Phytase
enzyme was added at 0.5 g/kg level into related feeds. Phytase supplementation did not significantly (P>0.05)
affect bird growth performance Phosphorus and calcium availability were significantly (P<0.05) affected by
dietary treatments. Supplemental phytase significantly (P<0.05) improved ileal digestibility of crude fat, but

did not have any effect on toe ash content.
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Introduction

Phosphorus is an essential element involved in energy
metabolism of poultry and necessary for normal
appetite, feed intake, feed conversion, hone
development, egg shell quality and general health.
Poultry rations are based largely on cereal grains and
oilseed meals. Unfortunately, approximately two thirds
of the phosphorus in cereal grains and cilseed meals
are present in the form of phytic acid and some other
minerals such as, Zn, Cu, Co, Fe and Ca, to form phytate
phosphorus, which are not available for poultry and most
of them are excreted in the litter. Phytate, in its native
state, constitutes complexes with various cations,
primarily protein, lipids (Cosgrove, 1966) and starch
(Thompson and Yoon, 1984). The phytate-protein
complexes may reduce the utilization of the proteins and
amino acids (Cheryan, 1980). Furthermore, phytate may
also form complexes with proteases, such as trypsin
and pepsin (Singh and Krikorian, 1982) in the
gastrointestinal tract. These complexes may decrease
the activity of digestive enzymes with a subsequent
decrease in the digestibility of dietary protein and energy
(Singh and Krikcrian, 1982).

Phytase (E.C.3.1.3.8)), myo-inositol hexaphosphate
phosphohydrolase, is the enzyme that releases P from
phytate (Gibson and Ullah, 1990). Supplemental
microbial phytase has been reported to improve dietary
phytate P bioavilability (Biehl ef af., 1995; Denbow ef af.,
1995; Mitchell and Edwards, 1996; Simons ef a/., 1990).
Phytase may alsoc improve the utilization of protein,
amino acid and apparent metabolizable energy of the
diet supplemented with the enzyme (Ravindran et al,,
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1999).

Phytate dephosphorylation by microbial phytase added
to poultry feeds has been shown to increase P
digestibility from 35% to around 60%, reduce P content
in excreta by 42% (Simons et al, 1990) and increase
protein  digestibility and availabilty of minerals
(Sebastian et al., 1997, Yi ef af.,, 1996a). It was reported
that mineral-phytate complexes might prevent lipid
utilization, and by preventing the formation of mineral-
phytate complexes, phytase might reduce the degree of
soap formation in the gut and enhance the utilization of
energy derived from lipids (Ravindran ef a/, 2001). In
addition, pollution of the environment with manure
nitrogen is also a major argument for improving nitrogen
utilization and limiting nitrogen excretion by poultry (Yi ef
al, 1996a). However the influence of phytase
supplementation on nutrient digestion and mineral
retention have not been fully studied.

Therefore, the aim of the present experiment was to
examine the effect of microbial phytase on nutrient
digestion with particular interest on fats and mineral
retention as well as on the growth performance and toe
ash content in broiler chicks fed corn-soybean meal
based diets.

Materials and Methods

A total of 192 day-old mixed sex broiler chicks (Ross
508) were used in this experiment. The chemical
composition of corn-soybean based experimental diets
were analyzed by Wendee proximate analysis methods
(Akyildiz, 1984; AOAC, 2000). Chicks were fed with
standard starter diet (23% protein; 3050 kcal ME/kg)
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according to NRC (1994) recommendations ( 1).

Day old chicks were individually weighed and randomly
allocated to wire floor battery type experimental cages.
Dietary treatments were consisted of A) normal Ca and
normal available phosphorus (AP) {(1.00% Ca, 0.45%
AP); B) low level of AP (0.35% AP) and C) low level of AP
(0.35% AP) + phytase. In the present study, Ronozyme®
P (a phytase preparation obtained from Peniophora lycii
and supplied by DSM, Istanbul, Turkey) was used as
supplemental phytase. Phytase enzyme was added into
the test diets at 0.5 g/kg levels (Table 1).

This trial was planned according to completely
randomized design. Thus, each of dietary treatments
had 8 replications in which 8 birds were assigned.
Experimental birds were ad libjftum intake to test diets
and water from feed troughs and nipple drinkers.
Experimental cage units were kept in environmentally
controlled room. Lighting was controlled by providing 23
hour light and 1 hour dark throughout the 3 weeks
experimental period.

Live performances were measured weekly while
mortality was recorded daily. During the trial, feed intake
and excreta output were measured quantitatively per pen
over three consecutive days (Days 18, 19 and 20) to
measure the ileal digestibility (Yi et a/., 1996a; Qian ef
al., 1996). The excreta from each pen were collected
daily at 09:00 and stored in plastic bags at —20°C for
analysis. After thawing, excreta samples were dried in
an oven at 70°C. Care was taken to avoid contamination
from feathers, scales, and debris. The excreta samples
were ground to pass through a 0.5 mm sieve. Randomly
chosen one male and one female chicks were killed by
cervical dislocation on day 21. The ileum was dissected
within 5 min after killing. The ileum was defined as
extending from Meckel's diverticulum to a point 40 mm
proximal to the ileo-cecal junction. The concentration of
crude protein and crude fat were analyzed by Wendee
proximate analysis methods (Akyildiz, 1984; AOQAC,
2000). Total P and Ca in the samples of ileal contents
were determined according to photometric method
using molybdo-vanadate procedure and dry ash method,
respectively (Akyildiz, 1984; AOAC, 2000). Toe samples
were obtained by severing the middle toe through the
joint between the second and third tarsal bones from the
distal end (Yi ef al, 1996a). The left and right middle
toes of chicks were pooled. The toe samples were dried
at 100°C and then ashed in a muffle furnace at 600°C for
4 h to determine amount of ash. P concentration of toe
samples were determined by photometric method using
the molybdo-vanadate procedure. Ca concentration of
toe samples were analyzed by dry ash method (Akyildiz,
1984; AOAC, 2000).

The collected data was subjected to analysis of variance
and the difference between means were analyzed
according to Duncan’s Multiple Range Test (Soysal,
1998). The mathematical model used was as the
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following:

YIJ = + R\ + eu

where Y, is the dependent variable; p, the overall mean,;
R, the effect of treatment; e, the random error.
Results

Mortality during the trial was within acceptable levels
(less than 2%) and was not related to dietary treatments.
The growth performance of broiler chickens fed the
dietary treatments are shown in Table 2. Phytase
supplementation did not have significant (P>0.05) effect
on body weight gain, feed intake and feed conversion
ratio. The percentages of excreted nutrients by excreta
and ileal digestibility are shown in Table 3 and 4
respectively. Phytase supplementation to broiler diets
decreased amount of excreted phosphorus and calcium
(P<0.05). Phytase supplementation into broiler diets had
significant (P<0.05) effect on ileal digestibility of ether
extract (EE) (Table 4).

The effect of phytase supplementation on the toe dry
matter (DM), crude ash (CA), Ca and P contents of 21-
day old broilers are shown in Table 5. The analyzed
values of toe samples of the birds fed with experimental
diets were not significantly different (P>0.05).

Discussion

Addition of phytase to corn-soybean meal basal diet did
not significantly (P>0.05) affect bird performance with
respect to body weight, feed intake and feed conversion
ratio. These results are in agreement with a number of
authors (Ravindran et af., 2001; Kwon et al., 1999, Sohail
and Roland, 1999). Similar result was also obtained by
Sebastian et al (1997), however, phytase
supplementation had no influence on the apparent ileal
digestibility in their study.

The effect of phytase supplementation on phosphorus
excretion was significant {(P<0.05). Phytase enzyme
hydrolyzed phosphate groups bound to phytate
molecules, thereby the amount of retained phosphorus
was increased, while the excreted amount of
phosphorus was decreased. Apparent availability of
phosphorus was higher in phytase supplementation
group. Likewise, the percentage of excreted Ca was
decreased in the enzyme supplemented group as well.
These findings are consistent with those of some other
studies (Yi et al., 1996a; Van Der Klis and Versteegh,
1996; Yi et al, 1998b). |In addition, phytase
supplementation to poultry feeds has been shown to
increase P availability from 35% to around 60% and
reduced excreted P by 42% (Simons et al, 1990).
Phytase enzyme have been reported to increase protein
digestibility and availabilty of minerals as well
(Sebastian ef al., 1997, Yi ef al., 1996a).

Although the ileal digestibility of CP of the group fed with
phytase increased, the difference was not significant.
However, significant increase in ether extract digestibility
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Table 1: Experimental Broiler Starter Diets (0-21 days)

Ingredients (g/kg diet) A B C
Corn 594.11 567.70 596.64
Soybean meal 251.56 250.80 251.03
Fish meal 30.00 30.00 30.00
Corn gluten meal 80.00 80.00 80.00
Dicalcium phosphate 13.73 817 817
Limestone 11.75 15.64 15.63
Common salt 277 277 277
Vitamin+Mineral* 2.50 2.50 2.50
Vegetable oil 12.91 11.74 12.09
L-Lysine HCI 0.07 0.09 0.08
DL-Methionine 0.60 0.59 0.59
Phytase - - 0.50
Total 1000.00 1000.00 1000.00
Calculated values (g/kg diet)

ME, MJ/kg 12.77 12.77 12.77
Crude protein 23.00 23.00 23.00
Crude fibre 263 263 263
Ether extract 4.42 432 435
Lysine 1.10 1.10 1.10
Methionine 0.53 0.53 0.53
Met+Cys 0.90 0.90 0.90
Calcium 1.00 1.00 1.00
Available phosphorus 0.45 0.35 0.35
Linoleic acid 213 2.06 2.08
Sodium 0.15 0.15 0.15
Chlorine 0.22 0.22 0.22

*Supplied per kilogram of diet: 600 IU vit A, 800 IU vit D,, 8 mg vit E, 2 mg vit K;, 1 mg vit B,, 3 mg vit B,, 2 mg vit Bg, 8 pg vit B,,,
10 mg nichotin amide, 4 mg cal.D.panth., 0.3 mg folic acid, 20 pug D-biotin, 160 mg choline chloride, 32 mg Mn, 16 mg Fe, 24 mg
Zn, 2 mg Cu, 800 ug I, 200 ug Co, 60 ug Se, 4 mg antioxcidane, 170.361 mg Ca

Table 2. Effects of Phytase Supplementation on Broiler Performance (0-21 days of age)

A B C SEM P-level
Body weight (g) 786.00 796.25 808.25 10.199 0.691
Gain () 743.00 753.25 765.25 10.199 0.691
Feed intake (g) 977.63 964.63 979.50 14.368 0.907
Feed/Gain (kg/kg) 1.317 1.281 1.279 0.0112 0.315
and increased retention in Ca and P was observed. formation of insoluble metallic soaps in the

Increased P and CP retention by phytase was also
observed in previous studies in broilers (Ravindran ef
al., 2001; Yi ef al., 1996b). Chicks fed diets 0.35% AP+
Phytase had significantly (P<0.05) higher Ca retention
compared with chicks fed 0.45% AP (Table 3). Nelson ef
al. (1968) reported that microbial preparation containing
phytase improved utilization of phytate P when
supplemented in broiler diets. Phytic acid has the
potential to form complexes with protein or cations such
as Ca, Mg, Zn and Cu (Morris, 1988; Vohra ef al., 1985)
which can negatively affect the digestibility of minerals,
protein or amino acids (Anderson, 1985; Cosgrove,
1980).

Addition of phytase improved the digestibilities of crude
fat in the present study. Ravindran ef al. (2001) reported
that mineral-phytate complexes may contribute to the
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gastrointestinal tract, which is a constraint on lipid
utilization. By preventing the formation of mineral-phytate
complexes, phytase may reduce the degree of soap
formation in the gut and enhance the utilization of energy
derived from lipids (Ravindran ef af, 2001). In its native
state, phytate is complexed with various cations, protein
and lipids (Cosgrove, 1966). Supplemental phytase
improved the ileal digestibility of nitrogen and amino
acids and apparent metabolizable energy in chicks
(Ravindran and Bryden, 1997). Namkung and Leeson
(1999) reported that supplemental phytase increased
the digestibilities of apparent metabolizable energy and
amino acids in broilers.

Although supplemental phytase significantly increased
the amount of retained phosphorus, no significant effect
on percentage of toe ash was cbserved (Table 5).
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Table 3: Effects of Phytase on Chemical Composition of
The Excreta (DM basis), (glkg)

Treatments DM CA Ca Total P
A 204.75 32.48° 585" 1.14°
B 193.44 28.41" 528" 1.03°
C 182.08 20.05° 519" 1.00°
SEM 5143 0.739 0.133 0.020
P-level 0.203 0.046 0.082 0.065

* Means within the same column with different superscripts differ
significantly (P< 0.05)

Table 4: Effects of Phytase on lleal Digestibility of Dry
Matter, Crude Protein and Ether Extract (DM

basis)

Treatments lleal digestibility, %

Dry Matter Crude Ether

Protein Extract

A 91.62 76.43 82.94°
B 91.49 7417 76.39°
C 91.75 77.30 89.38°
SEM 0.185 0.780 2.397
P-level 0.903 0.281 0.003

“*Means within the same column with different superscripts differ
significantly (P < 0.05).

Table 5: Effects of Phytase on Toe Ash Values

Treatments  Dry Crude Calcium  Phos-
matter ash a/kg phorus
g/kg mg/kg mg/kg

A 319.53 41.80 44.09 11.49

B 310.26 38.50 41.81 11.68

C 322.89 39.35 44.68 10.31

SEM 3.069 0.654 1.374 0.445

P-level 0.234 0.134 0.685 0.411

Similar results were also obtained by Ravindran ef af.
(2001).

Consequently, the results of the present study
demonstrated that phytase supplementation did not
affect broiler performance whereas it significantly
increased calcium and phosphorus retention in broiler
chicks. In addition, significant improvement in ether
extract digestibility were detected. Microbial phytase
addition to broiler chick diets prevents environmental
pollution by excreted phosphorus.
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