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SUMMARY

The purpose of the present study was to evaluate the response of laying hens to
the low-phosphorus diets based on different kinds of cereal grains and supplemented
with microbial phytase. Laying performance, feed intake, egg shell quality as well as
bone strength parameters and Ca, P, Mg and Zn contents in the bones were
involved as experimental parameters. At the age of 17 weeks, 288 Lohmann Brown
pullets were assigned to the six dietary treatments, each treatment consisting of 12
cages with 4 birds per one. Until the beginning of the laying period the pullets were
fed a standard diet containing 145 g of crude protein and 11.3 MJ ME, 4 g non-
phytate P and 10.6 g of Ca per kg feed. The experimental diets provided from the
first day of laying were based on maize (diets I, Il, Ill) or on a combination of maize,
barley and wheat (diets 1V, V, VI) and contained about 165 g CP and 11.2 MJ ME/kg.
In diets I, lll or IV and VI the level of non-phytate phosphorus was decreased to 1.41
g/kg while in control diets (Il or V) the amount of non-phytate P was 3.0 g/kg. In low-
P diets Ill and VI microbial 6-phytase was included at the level of 450 FTU/kg diet.

The phosphorus level in diets did not affect the laying rate during the
experimental period of 53 weeks. The higher P-level in feed enhanced egg shell
strength only (P<0.01). Supplementation of low-P-diets with phytase did not affect
the performance of hens, such as feed intake and egg quality, however it improved
the egg shell strength as compared to low-P unsupplemented groups. Regarding
strength and elasticity of the tibia, the P-level and phytase supplement were without
visible effects. The best parameters that characterize the bone quality were obtained
by addition of 3 g of non-phytate P level per kg of diets.
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INTRODUCTION

Cereal grains are rich in phosphorus, however,
its overall availability is limited to the level about 60-
70 % only. Phosphorus bound in the form of
phytates (phytate P) is available for poultry at a
very low extent (Kornegay et al., 1996; Jamroz et
al., 1998; Ollofs et al., 2000; Hempel et al., 20043,
2004b; Liebert et al., 2005).

Both microbial phytase (myo-inositol hexa-
phosphate phosphohydrolase) produced by the
intestinal microorganisms and native phytase pre-
sent in cereal grains allow only partial utilization of
dietary phosphorus (Simons et al., 1990; Zyta et al.,
1996; Kornegay et al., 1996; Hadorn and Wiedmer,
1998). In spite of being higher than in other cereal
grains, the activity of native phytase present in wheat
and barley is not sufficient for beneficial utilization of
their own phosphorus. Thus supplementation of
cereal grains-based diets with microbial phytase
preparations may increase the phosphorus avail-
ability, protein digestibility and conversion and could
improve the utilization of some trace elements as the
result of degradation of phytate-protein and phytate-
mineral complexes (Sebastian et al., 1996; Yi et
al.,(1996a, Szkudelski, 1997; Leske and Coon,1999;
Musapour et al., 2005). However, in some publi-
cations only limited beneficial effect of phytase
supplementation on the laying hens performance
was registered (Jamroz et al.,, 2003; Panda et al,,
2005). On the other hand, beneficial effects of
phytase on utilisation of phosphorus, improved egg
shell and bone quality were reported by Saveur

(1991), Zhang and Coon (1997), Um and Paik
(1999), Gordon and Short (2001).

The purpose of the present study was to
evaluate the influence of dietary phosphorus level
and efficacy of phytase supplementation of diets
based on different cereal grains, either maize (with
very low activity of native phytase) or a combination
of maize, barley and wheat. Laying rate, egg
weight, quality of egg shells and bird’s bones as
well as the quality and Ca, P, Mg and Zn content
were involved as experimental parameters.

MATERIAL AND METHODS

The experiment was carried out with a total of
288 Lohmann Brown layers. At the age of 17 weeks
the pullets were allocated into battery cages at 4
birds per cage and divided into 6 treatments, each
consisting of 12 cages as replications. The average
initial body weight of birds was similar in all treatment
groups. Feed and water were supplied ad libitum.
The lighting program was 10 hours darkness and 14
hours light with an intensity of about 30 Ix/m?.

Before the start of the laying period, pullets were
fed the standard diet containing 145 g crude protein
and 11.3 MJ ME/kg. The experimental diets were
based on maize (diets I, Il, 1ll) or maize-barley-wheat
(diets IV, V, VI). The total P content was different
and was calculated to reach 4.0 or 5.9 g per kg diet;
the level of non-phytate phosphorus in low-phospho-
rus and standard diets reached 1.41 or 3.0 g P per
kg (Table 1). The composition and nutrient contents
of the used diets are summarized in Table 2.

Table 1. Design of experiment
Tablica1. Plan pokusa
. . s Non-phytate phosphorus in feed Phytase supplement*
Experimental groups Kind of cereals in diets pNe);itatnipfosfgr U hrani yDodatakpgtaze
Pokusne skupine Vrsta Zitarica u obroku
(9/kg) (FTU/kg)
I 1.41 -
I Maize - Kukuruz (65 %) 3.00 -
control
Il 1.41 450
I\\// Maize - Kukuruz (20 %) 141 -
control Barley - Je¢am (35 %) 3.00 -
- & H o,
Vi Wheat - PSenica (10 %) 141 250

*RONOZYME® P (CT), Batch HB 955001, declared phytase activity: 5000 U/g

One unit of phytase activity is defined as the amount that releases 1 pmol of inorganic phosphate from 5.0 mmol sodium

phytate per minute at pH 5.5 in 37 °C
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Table 2. Composition and nutrient content of diets
Tablica 2. Sastav i sadrzaj hranjivih tvari u obroku

Diets - treatments - Obroci - tretmani

Feed components (in %)

| Il 1} v V \

Barley var. Rudzik
Je¢am var. Rudzik ) ) ) 35.0 35.00 35.0
Winter wr]eat. var. Cobra ) ) } 10.0 10.0 10.0
Zimska pSenica var. Cobra
Maize - Kukuruz 65.70 65.10 65.70 21.2 20.70 21.20
Soya oil - Sojino ulje - 0.20 - 2.60 2.70 2.60
Soyabean meal - Sojina saéma 23.70 23.8 23.70 20.8 20.80 20.80
Monocalcium phosphate 0.21 0.90 0.21 - 0.69 -
Monokalcijev fosfat
Limestone - Vapno 8.95 8.53 8.59 9.07 8.65 9.07

. . . .1
Mineral-vitamin premix- 1,00 1,00 1,00 1,00 1,00 1,00
Mineralno-vitaminski premiks
Salt - Sol 0.31 0.31 0.31 0.32 0.33 0.32
Calculated metabolizable energy
Izracunata metaboli¢ka energija (MJ/kg) 1120 11.20 11.20 11.20 11.20 11.20
Analysed or estimated levels of nutrients - Analizirane ili procijenjene vrijednosti hranjivih tvari (g/kg)
Crude protein - Sirove bjelancevine 164.60 | 16540 | 16510 | 164.90 | 164.80 | 165.30
(Nx6.25)
Methionine - Metionin 3.55 3.54 3.44 3.46 3.60 3.44
Lysine - Lizin 7.77 7.82 8.10 7.84 7.81 7.79
Ca 35.80 36.20 35.3 36.30 35.40 36.30
P 4.28 5.92 4.33 4.00 5.66 4.05
P non-phytate? - P nefitinski? 1.41 3.00 1.41 1.41 3.00 1.41
Soluble NSP? - Topivi NSP® 18.63 18.64 18.63 32.05 32.08 32.05
Unsoluble NSP - Netopivi NSP 58.13 57.87 58.13 63.31 63.18 63.31
B-glucans - B-glukani 1.16 1.16 1.16 14.16 14.17 14.16

! supplied per kg diet: retinol acetate 10.000 1U; cholekalciferol 2.000 IU; (mg) tocopherol 15; menadion 1.5; thiamine 2;
riboflavin 4; pyridoxine 1.0; cyanocobalamin 0.01; nicotinic acid 30; folic acid 0.5; panthothenic acid 4; choline chloride

250; Mn 60; Zn 50; Fe 30; Cu 5;10.5; Se 0.12 and NaCl 4 g
2 calculated on the basis of P-availability from Nutrient Requirements (1996)

3 calculated according to Bach Knudsen,1997

Diets containing 1.41 g of non-phytate
phosphorus (P-1.4) per kg were fed either
unsupplemented (diets I, IV) or supplemented (diets
[, VI) with microbial 6-phytase at the dose of 450
phytase units per kg (see Table 1). All diets in mash

form were provided ad libitum from week 19 of life

until the end of experiment.

Laying performance was monitored during 371
days of the laying period. The number of laid eggs
was recorded daily, all eggs obtained from each
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cage were weighed once a week. Feed intake,
abnormalities of the egg shell and mortality of birds
were registered constantly during the whole
experimental period.

During weeks 4, 17, 30, 43 and 52 after the
start of the experiment the quality of egg shells was
estimated. Thirty eggs from each treatment group
and every term were randomly selected in order to
determine the average weight of the whole eggs.
The eggs shell parameters were evaluated using
standard procedures with a PM-600 PX-processor
apparatus (Technical Service and Supplies Limited,
York England). Shell thickness was measured on
three points using a Modul with Micrometric screw
(Mitutoys). Every measurement of eggs was done
twice. Shell strength was determined under a
maximum pressure of 3.5 kg.

At the end of the experiment, 12 animals were
randomly chosen from each dietary treatment,
weighed and sacrificed. Tibia bones from the left
legs were prepared for evaluation of strength and
elasticity. Right tibia as well as femur bones were
used for determination of chemical composition.
Analysis of physical properties was done on bones,
which were stored in a refrigerator at temperature
of 4-5 °C for 10 hours.

The tibia bones maximal deflection (h) (mm),
breaking force (F) (N), coefficient of elasticity (F/h)
(N/m) and total breaking energy of pressure (W)
(mJ) were estimated and calculated as physical
parameters. The parameters were evaluated
according to variable force (from low to high
pressure) up to the bone breaking point. The bone
maximal deflection under pressure force was
measured with standard method in which the force
(F) (N) (speed of pressure was 1.2 mm/min) was
applied at the shaft of the bone supported at both
epiphyses. The end of this estimation was a
breaking force point and from this value was
calculated total breaking energy.

The elasticity coefficient (a« = AF/Ah) was
estimated by comparing it to factors of maximal
breaking force and maximal deflection.

The chemical composition of diets was
determined according to standard methods (AOAC,
2000). The Ca, P, Mg and Zn contents were
determined in dried fat free tibia bones prepared

from the right legs. After previous mineralization of
diets and bones, phosphorus was analysed by the
vanadomolybdate method, using a Specol 11 (Carl
Zeiss Jena) spectrophotometer at a wave length of
470 nm. Ca, Mg and Zn were determined by atomic
absorption spectrophotometry using an AAS-3 EA
30, Carl Zeiss Jena apparatus.

Dietary non-starch polysaccharides content was
calculated on the basis of chemical composition of
cereal grains (Bach Knudsen,1997). The energy
value of the diet (see Table 2) was calculated
according to the European Tables of Energy Values
of Feeds for Poultry, WPSA (1989).

Statistical evaluations were conducted using
the Statgraphics Plus ver. 7.0 software. Data were
compared using one-way and two-way ANOVA
(Brandt,1997). A split-plot ANOVA was used to test
the periods x treatment interactions. The
significance of differences among treatment groups
was examined after data transformation (arcsin) for
percentages and logqo for other variables. Tukey's
Multiple Range Test was used to determine the
significance of differences between treatment
means (P<0.05 and P<0.01).

RESULTS

The initial body weight of hens varied between
1743 and 1786 g, with maximal differences of about
50 g. Final weight reached 1928-1998 g, and body
weight gain 180-210 g (Table 3).

Average laying rate calculated for 371 days of
experiment is presented in Table 4. It varied from
85.0 (diet IV) to 88.9 % (diet I) (P<0.05).
Significantly reduced egg production was
observed in low-phosphorus treatment groups fed
diets containing maize, barley and wheat (IV and
VI). Different dietary phosphorus level and phytase
supplementation, irrespective of kind of diets, had
no significant effect on the laying rate (Table 4),
however, when feeding the maize-based diets
significantly better results were obtained.

Egg weight varied between 61.7-62.2 g, without
differences related to the kind of cereal grain,
phosphorus level or phytase supplementation.
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Table 3. Body weight of hens (means, SD)
Tablica 3. Tjelesna masa kokosi (srednja, +SD)

Non-phytate P level Cereal arains

Diets - treatments - Obroci - tretmani Razina nefitinskog P Zitar?ce

(g/kg)

Maize
P14 | e | S
aize ea
| Il I 1Y \Y \ P-1.4 | P-3.0 + Kukuruz | Kukuruz
phytase Jeéam
PSenica
Initial body weight (kg) 1.748 |1.786 | 1.780 | 1.754 | 1.743 | 1.761 | 1.751 | 1.765 | 1.770 | 1.771 1.753
Pocetna tielesna masa (kg) 55 54 58 36 64 41 45 62 50 56 48
Final body weight (kg) 1.928 11.992| 1.980 | 1.964 | 1.998 | 1.942 | 1.946 | 1.995 | 1.961 | 1.967 | 1.968
Konacna tjelesna masa (kg) 156 | 206 | 134 | 177 | 153 | 229 | 164 | 177 184 166 185
Weight gain (g) 180 | 206 | 200 210 254 181 195 230 190 195 215
Prirast tielesne mase (g) 149 | 184 | 128 170 159 225 157 170 179 151 184

All differences among groups and interactions were found to be insignificant - Razlike medu skupinama i interakcijama nisu znacajne.

Table 4. Laying performance (mean for 371 days) (means, £SD)
Tablica 4. Nesenje (prosjek za 371 dan)

Non-phytate P level Cereal arains
Diets - treatments - Obroci - tretmani Razina nefitatnog P a9
Zitarice
(9/kg)
Maize
Barley
P-1.4 .
I 1l W, v VI | P14 | P30 + Maize | Wheat
Kukuruz | Kukuruz
phytase -
JeGam
Psenica
Laying rate (%) 88.9a | 87.6ab | 87.6ab | 85.0b | 88.1ab | 85.4b | 87.0 | 87.8 | 865 | 88.0a | 86.2b
Postotak nesivosti (%) 3.8 3.2 3.0 45 3.6 29 | 45 | 33 3.1 3.3 3.9
Egg weight (g) 622 | 619 | 613 | 618 | 621 | 617 | 620 | 620 | 615 | 618 | 618
Tezina jaja (9) 1.0 1.3 1.1 1.1 1.4 09 | 1.1 1.3 1.0 1.2 1.1
Total egg mass (kg/hen) 20.6a | 20.1ab | 19.9ab | 19.5b | 20.3ab | 19.5b | 200 | 202 | 197 | 202 | 198
Ukupna masa jaja (kg/kokos) 0.9 0.8 0.6 1.0 1.0 06 | 1.1 0.8 0.6 0.8 0.9
Feed intake (g/bird/day) 130.4 | 130.6 | 130.5 | 130.0 | 130.0 | 129.6 | 130.2 | 130.3 | 130.1 | 130.5a | 129.8b
Unos hrane (g/kokos/dan) 1.7 1.0 15 0.6 0.4 06 | 13 | 08 1.2 1.4 0.5
Feed intake (kgkg egg mass) | 2:368 | 2.41ab | 2.43ab | 2.48b | 2.38a | 246b | 242 | 240 | 245 | 240 | 244
Unos hrane (kg/kg mase jaja) 009 | 010 | 007 | 043 | 011 | 008 | 013 | 010 | 0.07 0.09 | 012
Cracked and deformed eggs (%)| 268 | 266 | 280 | 276 | 279 | 246 | 263 | 260 | 255 | 2.66a | 255
Napukla i deformirana jaja (%) | 141 | 141 | 214 | 133 | 132 | 119 | 1.84 | 1.30 1.71 1.92 | 1.20

a, b Means in the same line not sharing a common superscript are significantly different (P<0.05); interactions - insignificant
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The lowest (P<0.05) total egg mass was noted in
low-phosphorus treatment groups fed the maize-
barley-wheat diet, while addition of phytase did not
exert any effect on this parameter. Two-factorial
analysis of variance for this parameter indicated no
significant  differences, irrespective of dietary
phosphorus level and the kind of cereal grains used.

Concerning feed intake (on average 130 g per
hen/day), only the kind of cereal grains used in diets
significantly affected this parameter, while feed
conversion was similar, irrespective of dietary
phosphorus level, phytase additon and kind of
cereal grains (Table 4). Feed conversion calculated
per kg of egg mass was significantly lower in hens of
treatment groups | and V than in other groups.

Differences in the percentage of cracked or
deformed eggs among groups were relatively low
and statistically insignificant, however the kind of
cereal grains used in diets significantly influenced
this parameter.

In five measurements conducted during weeks
4, 17, 30, 43 and 52 of laying period, the egg
mass, egg shell strength and thickness were
significantly different. The best egg shell quality
(P<0.01) was observed in hens fed the control (3.0

Table 5.

g av P) and low-phosphorus diets supplemented
with microbial phytase, but the egg shell thickness
was significantly higher in low-P treatment groups
fed diets supplemented with phytase (see Table 5).
The analysis of the changes in these parameters
during five measurement cycles indicates the
significant (P<0.01) increase of egg mass with an
increasing age of hens and in the same way a
decrease of egg shell strenght (Table 6).

Great individual variation in tibia quality
parameters was noted, however, the strenght of
this bone showed significant differences among
teratment groups (Table 7). The best strength of
egg shell was noted for the hens of groups Il and V
(3.0 g of non-phytate P/kg) and group | (1.4 g of
non-phytate P/kg), in other parameters of bone
quality only insignificant variability occurred.

Considering the described factors, the
evaluation of chemical composition of bone ash
showed variability of mineral content in bones. The
average composition of femur was about 51 % of
crude ash, 285 g Ca, 158 g P, 5.6 g Mg and 393
mg of Zn per kg ash and of tibia about 52.5 % of
crude ash, 252 g Ca, 159 g P, 5.6 g Mg and about
370 mg of Zn per kg ash (see Tables 8 and 9).

Egg shell quality related to diets, phosphorus level or cereal grains (means, *SD)

Tablica 5. Kakvoca ljuske jaja u vezi s obrocima, razinom fosfora i zitarica

Non-phytate P level Cereal grains

Diets - treatments - Obroci - tretmani Razina nefitatnog P salg

Zitarice

(9/kg)
Maize
Barley
P-1.4 .

I m IV v vi | P14 | p3o | + | Maize | Wheat
Kukuruz|Kukuruz,

phytase N
Jecam
PSenica
Egg mass (g) 63.9 63.0 63.0 63.9 63.2 63.1 63.9 63.1 63.1 63.3 | 63.4
Masa jaja (g) 4.92 4.89 5.74 5.01 6.22 5.36 4.9 5.6 55 5.2 55
Egg shell strenght (kg) 2.95Aa | 3.25Bb | 3.00Aa | 3.04Aa | 3.12AB | 3.00Aa | 2.99A | 3.18B | 3.02B | 3.06 | 3.05
Cvrstoca ljuske jaja (kg) 0.78 0.67 0.81 0.85 0.95 0.98 0.82 0.82 0.89 0.77 0.93
Egg shell thickness (mm) | 0.351A | 0.334B | 0.329B | 0.324B | 0.333B | 0.353A |0.337ab | 0.334a | 0.341b | 0.338 | 0.337
Debljina ljuske jaja (mm) 0.044 | 0.044 | 0.043 | 0.055 | 0.044 | 0.047 | 0.052 | 0.044 | 0.046 | 0.045 | 0.050

a, b Means in the same line not sharing a common superscript a,b or A,B are significantly different (P<0.05);

A, B Means in the same line not sharing a common superscript are significantly different (P<0.01); interactions -

insignificant
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Table 6.

Tablica 6. Kakvoca ljuske jaja u ciklusima mjerenja

Egg shell quality in subsequent measurement cycles (means, £SD)

Measurements in weeks - Mjerenja u tjednima

4 17 30 43 52
Egg mass (g) 59.9A 62.6B 63.1B 64.9C 66.4D
Masa jaja (g) 4.0 4.8 4.9 55 5.2
Egg shell strenght (kg) 3.82A 3.29B 2.87C 2.66D 2.65D
Cvrstoca ljuske jaja (kg) 0.68 0.72 0.67 0.72 0.82
Egg shell thickness (mm) 0.317A 0.353C 0.349C 0.332B 0.335B
Debljina ljuske jaja (mm) 0.070 0.034 0.035 0.037 0.041

A, B, C Means in the same line not sharing a common superscript are significantly different (P<0.01)

Table 7.

Parameters of tibia bones of hens calculated per 100 g metabolic body weight (BW °'67) (means, £SD)

Tablica 7. Parametri kosti goljenice (tibijalnih kosti) kokosi izracunati na 100 g metabolicke tezine tijela

Non-phytate P level Cereal arains
Experimental groups - Pokusna grupa Razina nefitatnog P it 9
(g/kg) Itarice
Maize
Barley
P-1.4 .
I Il v Vv VI | P-14 | P-3.0 + KME"Ze Wheat
hytase ukuruz | Kukuruz
P Jecam
PSenica
Maximum deflection in
breaking point (mm) 059 | 056 | 063 | 060 | 058 | 058 | 059 | 057 | 061 | 060 | 059
Maksimaina defleksija na 009 | 007 | 007 | 009 | 008 | 014 | 009 | 008 | 012 | 009 | 0.10
prijelomu (mm)
Strength 75.4ab | 80.8b | 70.4a | 71.1a | 74.1ab | 69.9a | 733 | 77.4 | 701 755 | 71.7
Snaga (N) 206 | 214 | 306 | 238 | 249 | 314 | 219 | 230 | 303 | 241 | 262
Elasticity coefficient (N/m) 186218 | 201189 | 176363 | 185560 | 175408 | 192810185889 187738 | 184944 | 187873 | 184592
Koeficijenti elasticnosti (N'm) | 49760 | 40045 | 47330 | 34831 | 45531 | 67096 | 42018 | 44957 | 57790 | 46367 | 50001
Break energy (mJ) 043 | 046 | 044 | 043 | 043 | 042 | 043 | 044 | 043 | 044 | 043
Snaga prijeloma (mJ) 009 | 009 | 010 | 008 | 007 | 014 | 008 | 0.08 | 012 | 009 | 0.10
Percentage of deflection in
breaking point (%) 118 | 112 | 127 | 120 | 116 | 117 | 119 | 114 | 122 | 119 | 117
Postotak otklona na mjestu 019 | 015 | 019 | 018 | 016 | 027 | 018 | 015 | 023 | 018 | 0.21
loma (%)

a, b Means in the same line not sharing a common superscript are significantly different (P<0.05); interactions -

insignificant
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Table 8. Chemical composition of crude ash of femur bones of hens (means, *SD)
Tablica 8. Kemijski sastav sirovog pepela bedrene kosti kokosSi

. Non-phytate P level Cereal grains
Experimental groups - Pokusna grupa Razina nefitinskog P 5. 3
Zitarice
(g/kg)
Maize
P-1.4 _ Barley
I I IV v VI | P14 P30 | o+ | Maize | Wheat
phytase Kukuruz Pjukvuruz
ecam
PSenica
Weight of dried bone (g) 5.01 5.23 5.13 5.24 5.22 5.21 5.13 5.23 5.17 5.13 5.22
Tezina suhe kosti (g) 0.64 0.68 0.83 0.69 1.02 0.64 | 0.66 0.85 0.73 0.71 0.78
Dry matter (%) 93.0 93.8 93.9 93.7 93.1 940 | 934 93.4 94.0 93.6 93.6
Suha tvar (%) 2.51 1.43 1.04 1.36 1.15 1.85 | 2.01 1.32 1.47 1.77 1.49
Crude ash (%) 52.0 52.6 50.8 50.0 51.3 50.7 | 51.0 51.9 50.8 51.8 50.7
Pepeo (%) 3.66 3.52 4.31 3.01 4.47 3.06 | 3.43 4.00 3.65 3.81 3.51
Ca (g/kg of crude ash) 284.3 | 2854 | 284.7 | 288.1 | 282.8 | 284.3 | 286.2 | 284.1 284.5 284.8 | 285.0
Ca (g/kg pepela) 6.65 5.36 7.29 7.63 8.97 | 10.07 | 7.26 7.35 8.60 6.31 8.97
P (g/kg of crude ash) 157.3 161.5 156.7 | 159.4 | 158.3 | 156.1 | 158.3 | 159.9 156.4 158.5 | 157.9
P (g/kg pepela) 5.57 4.05 4.37 4.20 2.83 476 | 4.94 3.78 4.48 5.06 4.13
Mg (g/kg of crude ash) 5.48 5.74 5.51 5.52 5.64 558 | 5.50 5.69 5.54 5.58 5.58
Mg (g/kg pepela) 0.23 0.36 0.30 0.33 0.32 0.28 | 0.28 0.34 0.29 0.32 0.31
Zn (mg/kg of crude ash) 3934 | 3952 | 3929 | 381.1 | 403.0 | 392.5 | 387.3 | 399.1 392.7 393.8 | 392.2
Zn (mg/kg pepela) 2566 | 2248 | 23.11 | 23.84 | 19.49 | 29.85 | 25.02 | 20.96 26.10 2312 | 25.69

All differences among groups are insignificant

Table 9. Chemical composition of crude ash of tibia bones of hens (means, *SD)
Tablica9. Kemijski sastav pepela kosti goljenice kokosi

. Non-phytate P level Cereal grains
Experimental groups - Pokusna grupa Razina nefitinskog P Fitarice
(9/kg)
Maize
P14 ‘ Barley
I 1 v v Vi | P14 | P30 | + | Maize | Wheat
Kukuruz | Kukuruz
phytase JeGam
PSenica
Weight of dried bone (g) 6.07 6.41 6.21 5.92 6.32 6.22 | 6.00 6.36 6.21 6.23 6.15
Tezina suhe kosti (g) 0.78 1.14 0.75 0.73 0.76 0.81 0.75 0.95 0.76 0.89 0.76
Dry matter (%) 93.3 93.8 93.9 93.7 93.2 93.7 | 935 93.5 93.8 93.7 93.6
Suha tvar (%) 2.01 1.40 0.84 1.34 1.07 1.76 1.69 1.25 1.35 1.47 1.40
Crude ash (%) 52.8 53.0 52.2 52.2 52.6 51.8 | 525 52.8 52.0 52.7 52.2
Pepeo (%) 3.53 3.42 3.38 2.82 3.56 266 | 3.14 3.42 2.98 3.36 2.97
Ca (g/kg of crude ash) 2525 | 2526 | 2549 | 2531 | 2471 | 254.6 | 252.8 | 249.9 254.8 253.3 | 251.6
Ca (g/kg pepela) 18.95 16.42 19.06 | 20.23 | 14.41 | 22,55 | 19.17 | 15.37 20.42 17.69 | 19.09
P (g/kg of crude ash) 156.4 159.1 160.7 | 159.5 | 157.5 | 163.2 | 157.9 | 1568.3 161.9 158.7 | 160.1
P (g/kg pepela) 9.16 9.74 5.57 8.35 1266 | 525 | 872 | 11.07 5.44 8.32 9.30
Mg (g/kg of crude ash) 5.57 5.61 5.74 5.58 5.61 5.66 | 5.57 5.61 5.70 5.64 5.62
Mg (g/kg pepela) 0.46 0.36 0.57 0.53 0.54 0.53 | 0.49 0.45 0.54 0.47 0.52
Zn (mg/kg of crude ash) 369.0 | 368.0 | 376.5 | 359.0 | 373.1 | 373.0 | 364.0 | 370.5 374.8 371.2 | 368.3
Zn (mg/kg pepela) 36.35 | 31.58 | 45.80 | 33.96 | 29.45 | 27.98 | 34.78 | 29.98 37.16 3745 | 30.44

All differences among groups are insignificant
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DISCUSSION

In previous studies a reduced dietary level of
non-phytate phosphorus from about 3.0 g/kg to 1.9
or 1.3 g/kg did not decrease the performance of
hens and egg shell quality (Htoo and Liebert, 2001;
Jamroz et al., 2003). Similar results were observed
in the present long-term experiment, when using
the diets with non-phytate phosphorus at the level
of 1.41 or 3.0 g/kg, however, significantly (P<0.05)
lower laying rate and egg weight were obtained
only in treatment group fed the low-P maize-barley-
wheat-based diet. For other experimental para-
meters, such as feed intake (P<0.05) and feed
conversion, as well as the percentage of cracked
eggs (P<0.05), the kind of cereal grains used in the
diet formulation showed greater effect than
phosphorus level or phytase supplementation of
low phosphorus diets. These results are in contrast
to the effects described by Hadorn and Wiedmer
(1998) and Oloffs et al. (2000) and Al-Kouri et al.
(2004). Low phytase efficacy in diets containing a
combination of maize, wheat and barley in the
present experiment was in opposition to the effect
found by Liebert et al. (2001).

The specificity of our experiment was the long-
time monitoring of laying performance as affected
by feeding of low-phosphorus diets. During more
than 12 months of egg production the average
laying rate reached about 87 %, average egg
weight was 61.8 g and total egg mass about 20 kg
per hen. In our opinion the results obtained with
such low non-phytate P level (1.41 g/kg) and during
such a long experiment, cannot be recognized and
evaluated as negative.

A clear response of laying hens to the low-P
level was observed with regard to egg shell
strenght and bone strength which was higher in
both positive control groups (P 3.0 g/kg) as
compared with negative controls (1.41 g available
P, without supplementation).

Better bone mineralization obtained as an effect
of mineral-phytic acid bonds degradation by the
added phytase and further release of minerals
(Sauveur,1991; Quian et al., 1996; Zhang and
Coon, 1997; Um and Paik, 1999; Jamroz et al,,
2003) was not observed in our experiment.

Calcium concentration in bones was very stable
and reached about 285 (femur) and about 252 g/kg
(tibia) of crude ash (CA), P content was about 158
and 159 g/kg CA, respectively. Magnesium content
in ash was 5.6 g/kg and Zn — 393 and 370 mg/kg
CA, respectively. These indices are similar to the
data obtained in experiment realized by Jamroz et
al. (2003).

The overall bone quality of hens was
comparable to the data reported by Fleming et al.
(1994) and Zhang and Coon (1997). Improved
retention of zinc in the bones of hens as an effect of
phytase application that was suggested by
Sebastian et al. (1966) and Yi et al. (1996) was not
observed in the present experiment.
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SAZETAK

Svrha ovog istraZivanja bila je ocijeniti odgovor kokoSi nesilica na obroke s niskim
fosforom na bazi raznih vrsta Zitarica s dodatkom mikrobijelne fitaze. Nesenje, unos
hrane, kakvoca ljuske jaja kao i parametri ¢vrsto¢e kosti i sadrzaj Ca, P, Mg i Zn u
kostima bili su obuhvaceni kao pokusni parametri. U dobi od 17 tjedana 288 pilenki
Lohmann Brown izabrano je za Sest hranidbenih tretmana, a svaki tretman sastojao
se od 12 kaveza po 4 pilenke. Do pocCetka nesenja pilenke su hranjene standardnim
obrocima koji su sadrzavali 145 g sirovih bjelan€evina i 11.3 MJ ME, 4 g nefitinskog P
i 10.6 g Ca po kilogramu hrane. Pokusni obroci su se prvog dana nesenja temeljili na
kukuruzu (obroci I, Il, Ill) ili na kombinaciji kukuruza, je€ma i pSenice (obroci IV, V, VI) i
sadrzavali su oko 165 g CP i 11.2 Mj ME/kg. U obrocima I, lll ili IV i VI razina
nefitinskog fosfora smanjena je na 1.41 g/kg dok je u kontrolnim obrocima (lll ili V/)
kolicina nefitinskog P bila 3.0 g/kg. U obrocima s niskim P (lll i VI) ukljuéena je
mikrobijelna 6-fitaza na razini od 450 FTU/ kg obroka.

Razina fosfora u obrocima nije djelovala na postotak nesivosti u pokusu od 54
tiedna. ViSe razine P u hrani povecéale su samo ¢&vrstoc¢u ljuske jajeta. (P < 0,01).
Dodavanje fitaze u obroke s niskim P nije djelovalo na unos hrane i kakvoéu jaja,
medutim poboljSalo je ¢vrstocu ljuske jajeta u usporedbi sa skupinama s niskim P bez
dodataka. Sto se tiGe vrstode i elastiénosti goljenice, razina P i dodavanje fitaze nije
imalo vidljivih u€inaka. Najbolji parametri koji karakteriziraju kakvocu kosti dobiveni su
dodavanjem 3 g nefitinskog P na kg obroka.
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