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Three trials were conducted on a total of 5100 broiler chicks (0-5.5 weeks) to
study the effects of different microbial phytase (Aspergillus niger) supplementa-
tions (250-1000 phytase units = PU/g) on the performance and bone mineralization
of birds and on the utilization of phosphorus compared with the effects of mineral
P additions as dicalcium phosphate. The basal diets (negative controls) were princi-
pally composed of soya bean meal (SBM) and grain (wheat, barley, oats) supple-
mented with up to 0.10% mineral P; the positive control diets were supplemented
with 0.24-0.30% mineral P.

Compared with the negative control groups, which were fed diets with 0.05%
mineral P either during the whole rearing period or during the starting period only,
phytase addition increased live weight by 4-7% and feed intake by 3-9% (Trials 1
and 2). Tibia values indicated that with low mineral P supplementations (0.05 and
0.10%), phytase additions have a non-significant effect on bone mineralization. If
mineral P is not added, the tibia values show a marked response to phytase (Trial
3). Utilization of P increased from 50.9% to 60.0% when phytase (1000 PU/g) was
added to the diets without mineral P supplementation (Trial 3). Utilization of P was
only 34.5% in the positive control diet (0.3% mineral P). The results were obvious-
ly affected by the intrinsic phytase activity in grain and the dietary calcium level,
and suggest that, in SBM-grain-based diets with very low (0.05%) or no mineral P
supplementation, weight gain can be increased by adding phytase up to 1000 PU/g.
This supplemented phytase activity is apparently sufficient for adequate bone min-
eralization.
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Introduction

Poultry diets principally consist of feeds of plant
origin. Significant amount (50-80%) of the phos-
phorus in plant seeds is bound to phytic acid, and
the availability for monogastrics such as poultry
is low. An availability value of 30% is assigned
for phosphorus in plant materials in common use.

The earliest studies on the effects of supple-
mental microbial phytase in chickens were those
of Nelson et al. (1968b, 1971). These authors
concluded that the addition of phytase produced
by moulds (Aspergillus ficuum) to the diet of
chicks hydrolysed phytate phosphorus in the gas-
trointestinal tract, enabling the chicks to utilize
the liberated phosphorus as well as supplementa-
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ry inorganic phosphorus. In recent years, wide
interest has been shown in producing the availa-
ble microbial phytases in order to lower the sup-
plemental mineral phosphorus and phosphorus
content in manure. The addition of microbial
phytase (A. ficuum and A. niger) to the diets of
poultry, those of growing poultry in particular,
has also been studied in greater detail. The addi-
tion of phytase to low phosphorus (0.4-0.5% to-
tal P) diets of chickens and broilers has markedly
increased feed intake and growth rate (Kiiskinen
and Piironen 1990, Simons et al. 1990, Swick
and Ivey 1990, Saylor et al. 1991, Schöner et
al. 1991, Broz et al. 1992, Schöner and Hoppe

1992, Vogt 1992a, b, Farrell et al. 1993, Schö-
ner et al. 1993). At the same time, phytase sup-
plementations have also significantly enhanced
bone mineralization measured as bone ash con-
tent or improved phosphorus utilization.

Most of the research on phytase additions has
been done by studying corn-soya bean meal
(SBM) diets. Here we set out to establish what
level of supplemental microbial phytase (A. ni-
ger) is sufficient in diets containing wheat, bar-
ley, oats, SBM and different additions of mineral
phosphorus.

Table 1. Composition (%) of the basal diets with lowest
phosphate addition.

Trial I Trial 2 Trial 3

Starter Grower

Soya bean meal 32.0 35.0 26.0 32.0
Wheat 25.0 23.0 25.0 25.0
Barley 28.0 25.0 30.0 30.0
Oats 8.7 10.9 13.4 7.1
Rapeseed oil 3.0 3.0 3.0 3.0
Limestone 2.0 2.0 1.8 2.0
Dicalcium phosphate 0.3 0.3
Sodium chloride 0.35 0.3 0.3 0.3
Vitamin and mineral
premixes l * 0.5 0.5 0.5 0.5
DL methionine 0.08 0.08 0.08 0.08
L lysine 0.03 0.03 0.03 0.03
Calculated ME MJ/kg 11.55 11.50 11.75 11.60
Analysed dry matter 87.7 88.1 87.7 90.1

crude protein 22,5 22.2 20.4 20.7
ether extract 5.0 5.7 5.4 5.2
crude fibre 4.5 4.6 3.7 4.4
ash 4.8 4.9 4.6 4.8

11 Supplied per kilogram of diet: 14000 IU vitamin A,
1700 IU vitamin D, 30 mg vitamin E, 1 mg vitamin K,
Img thiamin, 6mg riboflavin, 20 pg vitamin B |2 , 3mg
pyridoxine, 40 mg niacin, 10 mg pantothenic acid, 0.5 mg
folic acid, 0,3 mg biotin, 500 mg choline cloride, 20 mg
Fe, 30 mg Zn, 50 mg Mn, 5 mg Cu, 0.5 mg 1

Material and methods

Animals and housing

Three trials were conducted on 5100 Ross broiler
chicks which were sexed and allotted to treat-
ments when one day old. In Trials I and 2 the
birds were housed in floor pens and in Trial 3 in
a 3-tier battery. Housing conditions (temperature,
lighting) were as described by Kiiskinen (1983).
Peat was used as litter and the experiments lasted
for 37, 37 and 35 days, respectively. Feed and
water were supplied ad libitum.

Experimental design and diets

Trial I comprised eight groups with four replicate
pens (6 m 2), each holding 60 birds (30 males, 30
females). The basal composition of the SBM-grain

diets (Table 1)was similar for all groups excluding
supplementations, which were as follows:

1 2 3 4 5 6 7 8Group

Phytase PU/g 0 250 500 500 500 750 1000 0
Mineral P% 0.05 0,05 0.05 0.13 0.21 0.05 0.05 0.30

Microbial phytase was produced by Alko Bio-
technology (Rajamäki, Finland). One PU (phytase
unit) is the amount of enzyme that liberates one
nmol of inorganic P from sodium phytate per
minute at pH 5 and 37°C. The added mineral P
was derived from dicalcium phosphate in all tri-
als.

The calculated contents of Ca and P were 0.96-
0.97% and 0.45-0.71%, respectively (Table 2).
The lowest dietary level of available phosphorus
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Table 2. Calcium and phosphorus contents of diets.

Added
dicalcium Calcium Phosphorus Available
phosphate % % P %

% Calc. Anal. Calc. Anal. Calc.

Trial 1
Diets 1-3 0.3 0.97 0.91 0.45 0.49 0.17
” 4 0.75 0.96 0.88 0.53 0.56 0.25
” 5 1.25 0.97 0.88 0.61 0.66 0.33
” 6-7 0.3 0.97 0.92 0.45 0.52 0.17
” 8 1.35 0.96 0.87 0.71 0.78 0.45

Trial 2
Starters
Group 1-3 0.3 0.97 0.99 0.45 0.50 0.17
” 4-5 0.6 0.97 0.98 0.50 0.56 0.22
” 6 1.7 0.99 1.04 0.69 0.72 0.41
Growers
Group 1-3 - 0.80 0.81 0.37 0.44 0.11
” 4-5 0.3 0.80 0.79 0.42 0.49 0.16
“ 6 1,4 0.81 0.77 0.61 0.67 0.35
Trial 3
Diets 1-2 - 0.88 1.00 0.42 0.48 0.16
” 3-5 0.3 0.88 1.01 0.47 0.55 0.21
” 6-7 0.6 0.89 1.00 0.52 0.60 0.26
” 8 1.6 0.92 1.05 0,69 0.79 0.43

(AP) was 0.17% and the highest level 0.45% (pos-
itive control). The latter value represents the prac-
tical dietary level and complies with recommen-
dations (NRC 1984, Salo et al. 1990). The diets
in this trial and the other two were cold (about
50°C) pelleted without hot steam.

Trial 2 was conducted on six groups with eight
replicates (62 birds) each. The pens were smaller
(4 m 2) than those in Trial 1, and half of them
contained males and half females. The chicks were
first fed a starter diet (0-2.5 weeks) and then a
grower diet (2.5-5.5 weeks) (Table 1). The ex-
perimental groups with dietary supplementations
were as follows:

Group 12 3 4 5 6

Phytase PU/g 0 500 1000 0 500 0
Mineral P%

in starter 0.05 0.05 0.05 0.10 0.10 0.29
in grower 0 0 0 0.05 0,05 0.24

The calculated mineral contents in the starters
were 0.97-0.99% for Ca, 0.45-0.69% for P and
0.17-0.41% for AP (Table 2). The corresponding
levels in the growers were 0.80-0.81%, 0.37-
0.61% and 0.11-0.35%, respectively.

The main purpose of Trial 3 was to determine
the retention of P with basal diets similar to those
used in Trials 1-2. Six replicate cages with four
birds in each were allotted for each diet. The
supplementations were as follows:

12 3 4 5 6 7 8Group

PhytasePU/g 0 1000 0 500 1000 0 500 0
Mineral P% 0 0 0.05 0.05 0.05 0.10 0.10 0.30

The Ca and P contents are listed in Table 2.
The calculated Ca levels were 0.88-0.92%, the
total P levels 0.42-0.69% and the AP levels 0.16-
0.43%.
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Measurements, chemical analyses and
statistics

In Trials 1-2 the birds were weighed pen by
pen when one day old. At days 16 and 37, the
birds were weighed either individually (Trial 1)
or pen by pen (Trial 2). The birds in Trial 3 were
weighed individually when one day and 35 days
old. Feed intake per replicate (pen, cage) was
measured between the weighings. The chickens
were starved for 12 hours before slaughter. Dead
birds were recorded and weighed. In the slaugh-
ter house, 16 carcasses were taken from each
group. Both tibias were removed and cleaned be-
fore being measured for length and weight (Trial
3) and analysed for ash and phosphorus (Trial 1)
contents.

In Trial 3, the retention ofP and Ca was deter-
mined when the chicks were four weeks old.
Weighed amounts of diets were supplied daily,
and all excreta were collected over three days.
The excreta were weighed, oven-dried at 60°C
and ground before analysis.

Proximate feed Ca and P analyses were per-
formed for the experimental diets. Calcium and P
were also analysed in cereals. Calcium was ana-
lysed with an atomic absorption spectrophotome-
ter and P with a photometer after a colour reac-
tion with ammonium vanadate. The same method
was used to determine the P concentration in tib-
ia ash. The cleaned tibias were ashed at 600°C
16 hours after crushing and ether extraction.

The phytic acid content and phytase activity in
cereals were determined in Alko’s laboratory.
Phytic acid (inositol hexaphosphate) was sepa-
rated after HCI extraction by ion exchange and
analysed by ion pair C reverse phase HPLC
(Sandberg and Ahderinne 1986). Phytase activ-
ity was determined from the colour formed by
the reduction of a phosphomolybdate complex
(Chen et al. 1956). A phytase unit (PU) is the
amount of enzyme which liberates, under stand-
ard conditions, 1 nmol of inorganic phosphate
from sodium phytate in one minute.

Analysis of variance was used for the statisti-
cal inference. The basic idea of analysis of vari-
ance is to divide the total variation in the re-

sponse variable into portions associated with cer-
tain factors defined by the scheme used for clas-
sifying the data. Here, these factors or sources of
variation were primarily the treatments and the
sex of the birds. The experimental unit for the
treatments in all the trials was a pen or a cage,
and in Trial 2, in particular, the experimental unit
for a treatment and sex combination was a pen.
In Trials 1 and 3, the birds were weighed individ-
ually, and the males and females were not sepa-
rated into different pens; the experimental unit
for the sex of the bird was a bird. Some of the
birds died before the experiments were finished,
and from the beginning of the trials there were
uneven numbers of males and females in some of
the pens or cages. This resulted in unbalanced
experiments. In such situations, residual maxi-
mum likelihood (REML) estimates were used as
suggested by Milliken and Johnson (1984) in-
stead of the usual moment estimates. The SAS
MIXED-procedure (SAS 1992) was used for an-
alysing the unbalanced data and the SAS GLM
procedure (SAS 1990) for the balanced data.

The main interest in terms of statistical infer-
ence lay in the contrast analysis. In Trial 1, or-
thogonal polynomials were used to investigate
the trends over levels of phytase when the level
of mineral P was 0.05%. Linear, quadratic, cubic
and even quartic trends were tested. In Trial 2,
the main interest was in comparing the two lev-
els of phytase, namely 0 and 500 PU/g and to
compare the two levels of mineral P combina-
tions, namely 0.05%/0% and 0.10%/0.05% (in
starter/in grower). The phytase x phosphorus in-
teraction was also tested. In Trial 3, two trends
were of interest. In groups where the mineral P
concentration was 0.05% the linear and quadratic
trends over phytase levels were tested; when
phytase was 0 PU/g the linear and quadratic trends
over the levels of mineral P were tested.

Results and discussion

The analysed total P contents of the diets (0.44-
0.79%), which were higher than the calculated
ones (Table 2) were derived from the P contents
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Table 3. Ca, P and phytin-P contents and phytase activity in cereals and soya bean meal.

Phytic P% bound Phytase
Ca P acid 11 in phytic acitivity

% in dry matter % acid PU/g DM2)

Trial 1
Wheat 0.044 0,43 0.55 0.16 560
Barley 0.046 0.44 0.61 0.17 480
Oats 0.065 0,42 0.49 0.14 65
Soya bean meal 0.331 0.67 0.91 0.26 5
Trial 2
Wheat 0.041 0.42 - - 625
Barley 0.043 0.45 - - 235
Oats 0.071 0.40 29
Soya bean meal 0.245 0.76 - - -

" inositolhexaphosphate
2) PU = phytase unit, DM = dry matter

(0.40-0.45% in dry matter, Table 3) of the cere-
als which were higher than the content (0.35%)
used in the calculations (Salo et al. 1990). The
cereals in the diets of Trial 1 contained 0.49-
O. phytic acid, which amounts to 0.14-0.17%
phytate P (Table 3). Phytate P accounted for 37-
39% of the total P of grain, which is lower than
the 56-73% presented by Nelson et al. (1968 a)
and Lantzsch (1990). Soya bean meal (Trial 1)
contained 0.91% phytic acid and 0.26% phytate
P, or 39% of total P. This figure too is lower than
the 56-61% given by the above authors.

Phytase activity in grain was highest in wheat
and lowest in oats (Table 3). The order of the
cereals is consistent with the findings of Moll-
GAARD et al. (1946). From the proportions of ce-
reals in the basal diets of Trials I and 2, the
natural phytase activities of the diets should have
been 280 and 205-230 PU/g, respectively. Ac-
cording to the phytase activity determined in the
diets of Trial 2 (750-1200 PU/g depending on
the supplementation), the intrinsic activity of
phytase in the diets was 200-250 PU/g.

In all trials, chicks fed the phytase supplement-
ed diets gained more weight than those fed the
diets with no or very low (0.05%) additional phos-
phorus (Tables 4-6). Compared with the negative
control groups fed a supplementary level of0.05%
mineral P throughout the growing period or in

the starter diet only the phytase additions increased
final body weight by 4-7% (Tables 4 and 5).
Orthogonal polynomial comparison showed a lin-
ear effect of phytase additions on live weight at
16 (P < 0.001) and 37 days (P <0.01) in Trial 1.
Also in Trial 2, phytase significantly (P < 0.05)
increased final body weight, and its effect on the
16-day weight approached significance (P < 0.07).
It would seem that positive growth responses
might be obtained with phytase supplementations
of up to 1000 PU/g. The same growth rate was
found by adding 0.10% or 0.13% inorganic Pand
500 PU/g phytase (Tables 4 and 5). A significant
(P < 0.05) difference between the P supplemen-
tations of 0.05% and 0.10% was noted in Trial 2.
The phytase x phosphorus interaction was not
found in that trial. The treatment x sex interac-
tion in growth rate was not found in Trials 1 and
2. Certain combinations of supplemental phytase
and mineral P gave similar and even higher final
body weights than the supplemental mineral P
levels of 0.24-0.30% in the positive control di-
ets. Most previous studies with phytase have been
done using corn-based diets in which the activity
of natural phytase is relatively low. Therefore,
when added to corn-based low-phosphorus diets
(0.35-0.55% total P), phytase supplementations
have produced weight gains in broilers (4-6
weeks) up to 15—47% higher than those obtained
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Table 4. Performance of birds and tibia values (Trial 1).

Diet I 2345678 SE
Mineral P add. %

Phytase add. PU/g
0.05 0,05 0,05 0.13 0.21 0.05 0.05 0.30

0 250 500 500 500 750 1000 00

Live weight g 16 days 418 450 476 495 484 474 504 478 8.6
1742 1742 1706 1744 1673 22.0
40.839.8 38.740.9 39.31.26

” 37 ” 1629 1695 1697
Feed intake 1-16 ” 34.3 38.0 39.134.3 38.0 39.1
g/day 17-37” 116 125 123 125 127 125 126 125 1,26

1.441.44 1.441.41 1.440.024
2.102.11 2.122.13 2.210.024
1.921.93 1.941.94 2.000.020
3.33.3 4.63.3 3.80.44

FCR 1-16” 1.46 1.48 1.44
kg/kg 17-37 ” 2.06 2.10 2.12

1-37” 1.91 1.95 1.94

Mortality % 1-37 7.3 4.6 4.2
Tibia

length cm 8.9 9.0 9.1 9.3 9.2 9.2 9,2 9.0 0.10
54.9 55.4 54.8 55.2 55.7 0.43
20.1 20.1 20.1 19.8 19.6 0.09

ash % 54.9 54.9 55.1
P % in ash 19.5 19.9 19.9

SE = standard error of mean
FCR = feed conversion ratio

with the basal diets (Simons et al. 1990, Swick
and Ivey 1990, Vogt 1992a, b, Schöner and
Hoppe 1992, Schöner et al. 1993). When wheat
has been included in the diets, the growth re-
sponses have been comparable to the results of
our study (Zyla et al. 1989, Schöner and Hoppe
1992. Broz et al. 1992).

The faster growth of the birds fed the phytase
supplemented diets or the positive control diets
was largely due to their feed intake being higher
than that of the negative controls (Tables 4-6). In
Trial 1, the daily feed intake increased linearly
(P < 0.001) as a result of phytase addition. The
same happened in Trial 2 owing to phytase addi-

Table 5. Performance of birds and tibia values (Trial 2).

Diet 1
Mineral P add. % in starter 0.05

2 3 4 5 6
0.05 0,05 0,10 0.10 0.29

grower 0.05 0,05 0.24
Phytase add. PU/g 500 1000 500 SE

Live weight g 16 days 496 518 517 510 515 530 7.5
37 ” 1611 1680 1687 1733 1749 18.01710

Feed intake 1-16”
g/day 17-37 ”

FCR 1-16 ”

kg/kg 17-37 ”

41.4 43.6 43.8 42.7 43.4 45.2 1.06
113 116 118 118 120 127 1,06

1.47 1.47 1.48 1.46 1.44 1.48 0.017
2.20 0.0172.15 2.13 2.08 2.13 2.08

1-37 ” 1.95 1.93 1.91 1.93 1.90 1.99 0.013

3.8 0.553.8 5.2 3.6 3.0 7.9Mortality % 1-37 ”

Tibia
length cm
ash %

9.2 9.2 9.2 9.2 9.3 9.2 0,08
53.8 54.8 54.7 55.2 55.1 56.1 0.35

SE = standard error of mean
FCR = feed conversion ratio
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Table 6. Performance of birds, tibia values and utilization of minerals (Trial 3).

Diet 1 2 3 4 5 6 7 8 SE
Mineral P add. %

Phytase add. PU/g
0.05 0.05 0.05 0.10 0.10 0.3

1000 500 1000 500

Live weight g 35 days 1135 1460 1451
Feed intake g/bird/d 54 70 7254 70 72
FCRkg/kg 1.89 1.81 1.88
Tibia

weight g 7.2 11.0 9.8
length cm 7.8 8.6 8.6
ash % 51.0 55.1 55.6

Apparent retention of P and Ca
P intake g 4.4.7 6.5 7.2
Faecal P excretion g 2.3 2.6 3.5
P retention g 2.4 3.9 3.7
P retention % 50,9 60.0 50.6
Faecal P g/kg DM 7.7 6.7 8.5
Ca intake g 9.7 13.5 13.0
Faecal Ca excretion g 6.0 7.7 7.6
Ca retention g 3.7 5.8 5.43.7 5.8 5.4
Ca retention % 38.2 43.0 41.2

1502 1490 1538 1522 1498 39.6
72 74 77 74 74 1.5474 77 74 74 1.54

1.82 1.83 1.87 1.83 1.82 0.03

11.0 11.2 10.9 12.1 11.5 0.58
8.8 8.7 8.7 8.8 8.8 0.10

56.1 56.8 56.5 56.8 56.8 0.37

7.2 7,4 8.18.3 10.90.17
3.63.6 4.74.6 7.20.13
3.63.8 3.43.5 3.70.13

50.151.0 42.342.8 33.91.34
9.09.0 10.511.1 16.50.24
13.114.0 13.713.8 14.70.32
7.88.2 8.88.8 9.20.28
5.35.8 4.95.0 5.50.21

40.741.7 36.236.6 37.51.35

SE = standard error of mean
FCR = feed conversion ratio

tion (500 PU/g, P < 0.05) and the higher dietary
P level (P < 0.01). In the supplemented groups of
Trial 1, the feed conversion ratio (FCR) was slight-
ly, but not significantly, higher than that of the
negative control group (Table 4). In contrast, in
Trial 2 the FCR of the supplemented groups, ex-
cluding the positive control, was lower than that
of the negative control group (Table 5). Both
phytase addition (500 PU/g) and the elevated P
level significantly (P < 0.05) decreased the FCR,
mainly, however, during the growing period (17-
37 days). Also in Trial 3, the FCR was decreased
as a result of the supplementations; significant
differences were not, however, found (Table 6).
In previous studies with broiler chicks, feed in-
take rose markedly due to phytase supplementa-
tion but the FCR was not significantly affected
(Zyla et al. 1989,Simons et al. 1990, Broz et al.
1992, Schöner and Hoppe 1992, Vogt 1992a, b).

In Trial 1, supplemental phytase increased tib-
ia length linearly (P < 0.05) and the phosphorus
content of tibia ash quadratically (P < 0.001,
Table 4). Tibia ash values ranging from 54.8% to

55.7% were not affected by phytase addition. In
Trial 2, no differences in tibia length were found
but differences in tibia ash between the negative
control and the supplemented groups were clear-
er than in Trial 1, and the extreme values (nega-
tive and positive controls) differed significantly
(P < 0.001, Table 5). The different responses to
the supplementations in Trials 1 and 2 could have
been due to the average lower available P con-
tent and lower natural phytase activity of the ba-
sal diet of Trial 2. The increase in mineral P from
0.05% to 0.10% increased the tibia ash content
(P < 0.05). Adding phytase or inorganic P or both
to the basal diet with no mineral P supplementa-
tion promoted bone mineralization whether ex-
pressed as tibia weight, tibia length or tibia ash
(Table 6, Trial 3). The tibia ash content was 51.0%
for the non-supplemented group and 55.1-56.8%
for the supplemented groups. According to re-
ports where the basal diet has contained 0.5% or
less total phosphorus, phytase supplementa-
tions have increased the tibia ash content by 3-6
percentage units (Kiiskinen and Puronen 1990,
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Broz et al. 1992, Vogt 1992a, b, Parrel et al.
1993). In the comparison with orthogonal con-
trasts, adding phytase to the diet with 0.05%
mineral P increased tibia ash content linearly
(P < 0.05); the effect on tibia weight was nearly
significant (P = 0.06). In contrast, mineral P ad-
ditions of up to 0.10% in the basal diet with no
phytase addition increased all tibia values linear-
ly (P < 0.001) and tibia length (P < 0.01) and
tibia ash (P < 0.001) quadratically.

Supplementations of the basal diet in Trial 3
resulted in a significant (P < 0.05) increase in P
and Ca retention due to increased feed intake and
mineral supply (Table 6). The utilization of P
(percentage retention of intake) increased by ap-
proximately 9 percentage units (50.9%/60.0%),
when the basal diet was supplemented with
phytase (1000 PU/g). Similar P utilization values
of 50-60% and improvements of 5-15 percent-
age units due to phytase supplementation have
been reported in broiler chicks fed low phospho-
rus (0.35-0.5%) diets (Simons et al. 1990, Schö-
ner and Hoppe 1992, Schöner et al. 1993, Far-
rell et al. 1993). When 0.05% mineral P was
added to the basal diet, utilization of P did not
change but additions of 0.10% and 0.30% miner-
al P reduced it to 42.3% and 33.9%, respectively.
Phytase supplementation did not affect retention
or utilization of P when 0.05% or 0.10% mineral
P was added to the diet. Phytase reduced the fae-
cal P content from 7.7 g/kg DM to 6.7 g/kg DM
when added to the basal diet with no mineral P
but did not have an effect in the diet with 0.05%
mineral P. Supplementation of mineral P increased
faecal P excretion linearly (P < 0.001) from 2.3 g
to 3.5, 4.7 and 7.2 g and faecal P content from
7.7 g/kg DM to 8.5, 10.5 and 16.5 g/kg DM
(P < 0.001), respectively. When inorganic P (0.05
and 0.10%) was added to the diet, phytase did
not affect faecal P or Ca excretion significantly.
Compared with the positive control diet, savings
in P excretion with the other supplemented diets
were 35-64%. According to Huyghebaert and

De Groote (1992), P excretion can be reduced
by 30-50% by supplementing the diet with mi-
crobial phytase. Phytase supplementation (1000
PU/g) in the basal diet increased the utilization
of Ca by 4.8 percentage units but the difference
was not significant. This obervation is supported
by certain other authors (Simons et al. 1990,
Schöner et al. 1991, 1993), who found that sup-
plemental phytase markedly increased the utili-
zation of Ca in low-calcium (0.6%) diets. Addi-
tion of phytase to the diets with supplementation
of 0.3% or 0.6% dicalcium phosphate did not
affect the utilization of Ca.

In addition to the intrinsic phytase activity de-
rived from cereals, the results of this study were
obviously affected by the calcium level and Ca:P
ratio of the diets. High dietary levels of Ca and
high Ca:P ratios cause a reduction in both feed
consumption and body weight gains (Vandepop-
uliere et al. 1961, Waldroup et al. 1964, Nel-
son et al. 1965, Edwards 1982, Schöner et al.
1993). An increased Ca content has been found
to reduce the activity of phytase (McCuaig et al.
1972) and the retention of P from phytales (Ed-
wards 1982, Schöner et al. 1993). In the diets
used here the Ca content was 0.8-1.0% and the P
content of the basal diets (0-0.1% mineral P)
was 0.44-0.60% (Ca:P 1.7-1.8). It is very proba-
ble that a lower Ca level of 0.6-0.7% would have
given a better response to phytase addition.
Schöner et al. (1993) found that increasing the
dietary Ca level from 0.6% to 0.9% in low-phos-
phorus diets had negative effects on the utiliza-
tion of phosphorus.

Considering the results obtained here and the
findings of earlier studies, we conclude that the
weight gain of birds and P utilization and bone
mineralization can all be improved by adding
phytase to broiler diets composed of feed of plant
origin and based on wheat, barley and oats. In
this way, mineral P supplementation and P waste
in manure can be reduced.
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SELOSTUS

Fytaasilisäyksen vaikutukset broilerien rehussa

Tuomo Kiiskinen, Jari Piironen ja Tiina Hakonen

Maatalouden tutkimuskeskus ja Oy Alko Ab

Sienifytaasin (Aspergillus niger ) lisäyksen vaikutusta broi-
leripoikasten (0-5,5 vk) kasvuun, rehunkulutukseen, luus-
ton mineraalisoitumiseen ja fosforin hyväksikäyttöön tut-
kittiin kolmessa kokeessa, joissa oli yhteensä 5100 poi-
kasta. Soija-viljapohjainen perusrehu sisälsi lisättyä ki-
vennäisfosforia 0-0,1 % (negatiivinen vertailurehu) ent-
syymilisäyksen ollessa 250-1000 fytaasiyksikköä (PU) re-
hugrammassa. Positiivisessa vertailurehussa kivennäisfos-
forin lisäys oli 0,24-0,30 %.

Fytaasin lisääminen perusrehuun, jossa ei ollut lain-
kaan tai hyvin vähän (0,05 %) lisättyä kivennäisfosforia,
lisäsi selvästi broilerien rehunkulutusta ja kasvua, Fytaa-

silisäyksellä 1000 PU/g saavutettiin sama kasvutulos kuin
positiivisella vertailurehulla. Sääriluusta tehdyt mittauk-
set ja määritykset osoittivat, ettei fytaasilisäyksellä ollut
merkittävää vaikutusta luun mineralisoitumiseen, jos re-
huun lisättiin kivennäisfosforia. Ellei rehuun lisätty ki-
vennäisfosforia fytaasilisäyksen vaikutus sääriluuarvoihin
oli huomattava. Fytaasilisäys (1000 PU/g) paransi fosfo-
rin hyväksikäyttöä perusrehussa ja vähensi fosforin eritty-
mistä ulosteista. Koetulosten mukaan kivennäisfosforin
käyttöä voidaan huomattavasti vähentää broilerien rehuis-
sa lisäämällä niihin fytaasia, jolloin myös lannassa eritet-
ty fosfori vähenee.
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