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Abstract

This experiment was conducted to evaluate the effects of different Zn sources and microbial phytase supplemented to low available P (aP) corn-soy diets
on morphometric indices of tibiotarsi, bone strength and Zn accumulation. The experimental period lasted 42 days. A total of 875 one-day-old Ross 308
male broiler chicks were randomly assigned to seven treatment groups (positive, negative and five experimental), each with five identical subgroups of
25 birds. The positive control (PC) group was fed a diet containing adequate concentration (0.45%) of available phosphorus (aP) due to mineral premix
(except zinc) and feeds; the negative control (NC) group was fed a basal diet including low concentration (0.30%) of available phosphorus (aP) due to
mineral premix (except zinc) and feeds; 0.30% aP and 500 FTU phytase kg-1; 0.30% aP and 75 mg Zn-proteinate kg-1; 0.30% aP and 75 mg ZnSO4 kg-1; 75
mg Zn-proteinate and 500 FTU phytase kg-1; 75 mg ZnSO4 and 500 FTU phytase kg-1 were added to the experimental groups of phytase (PH), organic
zinc (0Z), inorganic zinc (1Z), organic zinc + phytase (OZ+PH) and inorganic zinc + phytase (IZ+PH) respectively. There were no significant differences
among the groups in mean tibiotarsal diaphysis diameter, thickness of the medial wall, tibiotarsal index, medullary canal diameter, modulus of elasticity
or breaking stress. However, diet with OZ + PH and IZ + PH supplementation had a greater influence on tibiotarsal weight and tibiotarsal weight/length
index when compared to those measurements in broilers in both control groups (P<0.001). In addition, feed additives were seen to have a significant
effect on tibiotarsal length (P<0.01), robusticity index (P<0.001), thickness of the lateral wall (P<0.05) and Zn content (P<0.05). In conclusion, the study
indicated that the use of organic and inorganic Zn alone or in combination with microbial phytase improved tibial bone traits and Zn content.
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Degisik Cinko Kaynaklar ve Mikrobial Fitaz Katkisinin Diisiik
Diizeyde Fosfor Iceren Etlik Piliclerin Tibia Kemik Ozellikleri,
Dayanikliligi ve Cinko Mineralizasyonu Uzerine Etkileri

Ozet

Bu arastirma, dustk yararlanilabilir fosfor (Py) iceren misir-soya temeline dayanan diyetlere farkli cinko kaynaklari ile mikrobiyal fitaz ilavesinin broylerlerde
tibia morfometrik indeksler, kemik direnci ve ¢inko birikimi Gzerine etkisini degerlendirmek amaciyla yapilmistir. Arastirma kirk iki giin sirmstr. Toplam
875 adet giinliik Ross 308 civciv, yedi farkli deneme gruplari ve her grup 25 adet erkek hayvan iceren bes alt gruptan olusturulmustur. Pozitif kontrol
grubu, ¢cinko icermeyen mineral 6n karmasi ve yeterli miktarda yararlanilabilir fosfor (%0.45) iceren rasyonla beslenmistir. Negatif kontrol grubu ise, ¢cinko
icermeyen mineral 6n karmasi ve dustik fosfor (%0.30) iceren temel bir rasyonla beslenmistir. Deneme gruplari; Fitaz, organik ¢inko, inorganik ¢inko,
organik ginko + fitaz ve inorganik ¢inko + fitaz rasyonlarina sirasiyla %0.30 Py ve 500 FTU fitaz/kg; %0.30 Py ve 75 mg/kg Zn-proteinat; %0.30 aP ve 75
mg/kg ZnSO4; 75 mg/kg Zn-proteinat ve 500 FTU fitaz/kg; 75 mg/kg ZnSO4 ve 500 FTU fitaz/kg katilmistir. Tibiotarsal diafiz capi, medial duvar kalinlig,
tibiotarsal indeksi, medullar kanal ¢api, esnekligi ve kirilma direnci bakimindan gruplar arasinda bir farklilik bulunmamigtir. Bununla beraber, OZ + PH
and IZ + PH rasyon grubuna ait tibiotarsal agirlik, tibiotarsal agirlik/uzunluk indeksi degerleri her iki kontrol grubundan 6nemli diizeyde farklilik (P<0.001)
bulunmustur. Ayrica, yem ilavelerinin tibiatarsi uzunlugu (P<0.01), saglamlik indeksi (P<0.001), lateral duvar kalinhigi (P<0.05) ve cinko icerigi (P<0.05)
lizerine 6nemli etkisi oldugunu géstermistir. Sonug olarak, bu ¢alisma, organik ve inorganik ¢inkonun tek basina ya da mikrobiyal fitaz ile kombinasyon
halinde kullanilmasi, tibia kemik 6zellikleri ve ¢inko icerigini gelistirmede etkili oldugunu gostermistir.

Anahtar sézciikler: Fitaz, Cinko, Tibia, Morfometrik indeksler, Kemik direnci, Broyler
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INTRODUCTION

Zn is an essential trace mineral that is required for
growth, bone development, feathering, enzyme systems,
reproduction, maintaining correct insulin levels, thyroid
function and the immune system, appetite, DNA, RNA and
protein production in all avian species. Zn must be added
to most poultry diets to meet requirements because of
the poor availability of Zn in plant feed ingredients caused
by the binding of Zn by phytate M. The National Research
Council (NRC) @ has estimated the Zn requirement for
broiler chickens to be 40 mg kg~ in the diet. Burrell et al.®!
reported improved performance when broilers consumed
diets formulated to contain 110 mg Zn kg™'. Furthermore,
it is common practice in the U.S. broiler industry to
formulate diets that contain 100-120 mg supplemental Zn
kg'B. Zinc is usually added to broiler diets as inorganic
feed grade zinc sulfate, zinc chloride, zinc oxide, or one of
the organic forms complexed to amino acids, proteins,
or carbohydrates. In recent years, organic zinc sources
have been increasingly used, due to their potentially higher
zinc bioavailability ¥ and lower manure loading P
However, some studies have indicated little or no difference
in the bioavailability of Zn between organic and inorganic
sources 171,

The major portion of phosphorus in plant-derived
ingredients is primarily present in the form of phytate,
which is a mixed salt of phytic acid and which is unavailable
to poultry because they have a limited capability to utilize
phytate phosphorus. In addition, phytate is capable of
binding di- and trivalent cations such as Ca, Zn, Cu and Mn
in very stable complexes ©, thus reducing the availability
of these minerals to the animal . Supplemental micro-
bial phytase has been shown to be a very effective
and practical method for improving dietary phytate P
bioavailability "%, Studies have shown that the inclusion
of phytase in chicken diets improved the bioavailability
of dietary Zn 12,

Normal bone development in birds is also influenced by
nutritional factors, genetics, gender, aging and the absolute
growth rate, but the most relevant factor for poultry
bone strength is nutrition. Calcium and phosphorus are
the primary inorganic nutrients in the bone that may be
important for bone health and strength %, Reichmann and
Connor ' showed that the extent of bone mineralization
affects bone strength, and poor mineralization has been
associated with increased risk of fractures. Weak bones
result in breaking during processing and lower meat
grade. Also, weak legs often result in reduced feed intake,
thus affecting weight gain and feed conversion ratio .
Thus, bone problems in poultry can have an economic cost
of several hundred million dollars a year.

Bone condition is commonly used as an indicator of
mineral adequacy in poultry diet '¥l. A number of invasive
(bone ash, breaking strength, weight, and bone volume),

and noninvasive methods (ultrasound) exist to determine
bone mineralization in poultry %, The cortical index (tibio-
tarsal index) was first proposed by Barnet and Nordin 17
to indicate bone mineralization by morphometric measu-
rements. Virtama and Telkka '8 showed a significant
positive correlation between this method and bone mineral
content in bone mineralization. Reisenfeld ' and Seedor
et al? similarly used the robusticity index and the bone
weight/bone length index to describe bone mineralization.
Tests of bone strength in the literature ©" typically report
the kilograms of force required to break various bones.
However, Patterson et al.?? reported that stress and
modulus of elasticity are better terms to use than force in
making bone strength comparisons between groups of
birds that may differ in body size and bone dimension.

As far as we know, there is very little information
available concerning the effects of the addition of dietary
organic or inorganic zinc and microbial phytase on the
bone robusticity index, bone weight/bone length index
and tibiotarsal index, or the comparison of these results
with the mechanical properties of tibiotarsi in broilers.
Therefore, the aim of this study was to determine the
effects of the interaction between Zn sources and micro-
bial phytase on the morphometric and mechanical
properties and Zn content of the tibia of broiler chickens
fed low-P diets.

MATERIAL and METHODS

The study was approved by the Local Ethics Committee
on Animal Experiments of Abant Izzet Baysal University
(AiBU, 01.07.2009, HADYEK23).

Housing, Birds and Diets

This study was conducted in the poultry research
farm of the Mudurnu Sureyya Astarci Vocational School of
Higher Education of Abant Izzet Baysal University in Bolu,
Turkey. The poultry were housed in an environmentally
controlled room with 35 floor pens of 2 m x 2 m for 42 days.
The temperature of the animal facility was maintained at
31-33°C on the first day of life and lowered by 2-3°C every
week to 22-23°C in the final week. The lighting program
was 23L: 1D during the entire trial, and the duration of the
experiment was 42 days.

A total of 875 one-day old male broiler chickens (ROSS
308) were purchased from a local commercial hatchery,
Organic Zn (Bioplex, Alltech, Inc., Nicholasville, KY),
inorganic Zn (zinc sulphate-ZnS0,.7H0,) and microbial
phytase (Karyzyme® P 500, Kartal Kimya AS, Istanbul,
Turkey) were obtained from commercial suppliers. The
chicks were randomly assigned to seven groups of 125
birds each, each group being further separated into five
replicates of 25 birds each. The feeding program consisted
of a starter diet until 21 days of age and a finisher diet
until 42 days of age. Chicks were given ad libitum access
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to feed and tap water containing no detectable Zn. Diets
were formulated to meet or exceed the requirements of
the NRC™@ for broilers of this age. The PC group was fed
a diet containing an adequate concentration (0.45%) of
aP in a mineral premix without zinc. The NC group was
fed a basal diet including a low concentration (0.30%) of
aP in a mineral premix without zinc. This level of aP was
selected to maintain the dietary available P of current
NRC @ recommendations and to ensure responses with
phytase addition. For treatment groups PH, OZ, IZ, OZ+PH
and 1Z+PH, the basal diet was supplemented respectively
with 0.30% aP and 500 FTU phytase, 0.30% aP and organic
zinc (75 mg/kg of Zn from Zn-proteinate), 0.30% aP and
inorganic zinc (75 mg/kg of Zn from ZnSO4), 0.30% aP,
organic zinc and 500 FTU phytase, and 0.30% aP, inorganic
zinc and 500 FTU phytase. Dietary treatments included the
basic diet or basic diet supplemented with 75 mg/kg of
Zn as feed-grade Zn sulfate from conventional inorganic
sources or Zn-methionine inorganic Zn compounds.

Performance, some blood parameters, nutrient diges-
tibility for broilers, and experimental treatments were
described previously by Midilli et al.®l, Organic and
inorganic zn and phytase levels of diets used in the
experiment are presented in Table 1. Chemical composition
and Ingredients of the diets are shown in Table 2.

Sample Collection and Analysis

In this trial, 70 right tibiotarsi of Ross 308 male
broilers were used to investigate the effects of Organic or
inorganic Zn and microbial phytase supplement in corn-
soybean meal based diets on bone characteristics. At 42
days, 10 broilers from each group (two chicks from each
of the five replicates) were randomly selected and
slaughtered by cut-ting the carotid arteries with sub-
sequent exsanguination.

The right tibia of each bird was removed as a drumstick
with the flesh intact. The drumsticks were labeled and
immersed in boiling water (100°C) for 10 min. After cooling
to room temperature, the drumsticks were defleshed by
hand and the patella was removed. They were then air-
dried for 24 h at room temperature.

The tibiotarsal length was measured with a dial caliper
and the tibia bones were weighed on a precision balance.
The thickness of the medial and lateral walls was measured

as close as possible to the midpoint using a dial caliper.
The diameter of the medullary canal was computed from
the difference between internal and external diameter of
the diaphysis. The bone weight/length index was obtained
by dividing the tibia weight by its length . The tibio-
tarsal and the robusticity indexes were determined using
the following formulae:

Tibiotarsal index = diaphysis diameter - medullary canal
diameter/diaphysis diameter x 100 ' robusticity index =
bone length/cube root of bone weight ™.

Following morphometric measurements, the modulus
of elasticity and breaking stress and were determined by
the method described by Timoshenko and Goodier .
The three-point bending test was applied to determine
the elasticity moduli of the tibia bones. Prior to testing, the
outer diameter and length of each bone were measured.
During the test, the maximum load carrying capacities
of the bonds were determined by applying an increasing
load in conditions of 3-point bending on a universal
testing machine operating with a load cell of 10 kN
and a platter speed of 2.0 mm/min. Breaking stress was
determined automatically by the device and the deflections
of the bones were also measured. The elasticity modulus
of each bone was then calculated by using the following

E = @(1 +2.85 G)z —0.84 (%)3}

481

force-deformation relationship

Where E = modulus of elasticity; P/y = initial slope of
load-displacement curve; L = length; h = height of specimen;
| = area moment of inertia. The inner diameters of the
bones were also measured from the cross-sections of
the fractured bones in addition to the outer diameters
to determine their area moment of inertia (I).

The broken tibias were later used for other measure-
ments. They underwent a 48-h defatting process under the
action of finally evaporating hexane. The bones were dried
at 105°C for 24 h, placed in a desiccator, and weighed to
determine their fat-free dry weight. The bones were then
placed in a muffle furnace at 600°C for 24 h and cooled in a
desiccator, and the ash weight was recorded. The resultant

Table 1. Organic and inorganic Zn and phytase levels of diets used in the experiment, mg/kg

Tablo 1. Denemede kullanilan yemlerin organik ve inorganik ¢inko ve fitaz dizeyleri, mg/kg

el Positive Control | Negative Control | Phytase Organic Zn | Inorganic Zn Organic Zn + Inorganic Zn +
(0.45% aP) (0.30% aP) (0.30% aP) | (0.30% aP) | (0.30% aP) | Phytase (0.30% aP) | Phytase (0.30% aP)
Phytase, FTU/kg = = 500 FTU = = =
Zn-proteinate = = = 75 = 75+ 500 FTU
ZnS0O, = = = 75 75+ 500 FTU
FTU = phytase unit, Available Phosphorus = aP
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Table 2. Chemical composition and ingredients of the diets (%)

Tablo 2. Yemlerin bilesimi ve kimyasal kompozisyonu (%)

Starter (1-21 d) Grower (22-42 d)
Ingredients
PC NC (Low P) PC NC (Low P)

Maize 48.70 48.50 53.00 54.00

Wheat 1.20 2.10 2.00 2.00

Soybean meal (46.50% CP) 41.20 41.00 34.40 34.00

Soybean oil 5.30 5.10 7.00 6.70

Limestone 1.00 1.55 1.00 1.55

Dicalcium phosphate’ 1.85 1.00 1.85 1.00

Vitamin premix? 0.10 0.10 0.10 0.10

Zn-free mineral premix? 0.25 0.25 0.25 0.25

Salt 0.25 0.25 0.25 0.25

DL-Methionine 0.15 0.15 0.15 0.15

Total 100.00 100.00 100.00 100.00

Chemical composition (Analysed)

Dry matter 90.37 90.42 90.65 90.28

Metabolizable energy*, kcal/kg 3035 3063 3179 3185

Crude protein, % 22.80 23.20 19.86 20.15

Ether extract, % 7.80 7.50 9.82 9.35

Starch, % 29.00 30.05 31.00 32.00

Sugar, % 5.93 5.80 5.90 5.75

Crude fiber, % 3.79 3.84 3.48 3.25

Ash, % 5.94 5.58 5.61 5.34

Ca, % 0.87 0.89 0.92 0.85

ataber %0 043 031 047 0.28

! Contains 23% Ca and 18.10% available P; ? Supplied per kilogram of diet: Vitamin A, 15.000 IU; cholecalciferol, 1500 ICU; vitamin E, 30.0 IU (dI-a-tocophery!
acetate); menadione, 5.0 mg; thiamine, 3.0 mg; riboflavin, 6.0 mg; niacin, 20.0 mg; panthotenic acid, 8.0 mg; pyridoxine, 5.0 mg; folic acid, 1.0 mg; vitamin
B,,, 15 mcg; 3 Supplied per kilogram of diet : 80 mg of iron as FeSO,7H,0, 6 mg of copper as CuSO,5H,0, 60 mg of manganese as MnSO,H,0, 0.35 mg of iodine
as KIO,, and 0.15 mg of selenium as sodium selenite; * Metabolizable energy was calculated using the equation of Carpenter and Clegg ¥

ash was dissolved on a sand heater (300VC 15 min) in 10
ml 6 N HCl and 30 ml demineralized water. The solution
was transferred after filtration (ashless filters) into a 100
ml volumetric flask. The tibia Zn concentrations were
measured by Perkin Elmer AAnalyst 100 Atomic Absorption
spectrophotometry (Perkin Elmer Inc.,, Waltham, MA, USA).
The components of the samples were analyzed according
to the standard procedures of AOAC 29,

Statistical Analysis

All statistical analyses were performed using SPSS®
(Version 14.0 for Windows, SPSS Inc., Chicago, IL, USA). Data
are given as means + standard error (SE). The normality and
homogeneity of variances were checked for all variables
tested by means of a Shapiro-Wilks test and Bartlett-Box
test. For normally-distributed data, differences between
groups were compared using one-way ANOVA 27 and

means were separated using a Duncan’s post hoc test 128,
All statements of significance are based on P<0.05.

RESULTS

Morphometric Parameters of Tibia Bone

The effects of feed additives on the morphometric
parameters of tibia bone at 6 weeks of age are shown in
Table 3. The use of organic and inorganic Zn alone or in
combination with microbial phytase significantly increased
(P<0.001) tibiotarsal weight and length (P<0.01) in
comparison to the control groups. The tibiotarsal weight/
length index was found to be significantly higher (P<0.001)
in the five experimental groups than in the control groups,
with the highest readings coming from the organic zinc
and microbial phytase diet group. The robusticity index
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was lowest in the organic zinc and microbial phytase diet
group (P<0.001). The diaphysis diameter data revealed
no significant difference between the groups. There were
no differences between the groups as to the thickness of
the tibia medial wall. In contrast, the greatest thickness
of the lateral wall was found in the inorganic zinc and
microbial phytase diet-supplemented group (P<0.05). No
significant differences between experimental treatments
were observed in the medullary canal diameter or in the
tibiotarsal index.

Mechanical Measurements and
Zn Content of Tibia Bone

The effects of organic or inorganic Zinc and phytase,
alone or in combination on the mechanical measurements
and tibia Zn content of broilers fed diets low in available
phosphorus are presented in Table 4. The tibia bone
moduli of elasticity and breaking stress were not affected
by dietary treatments. Dietary treatments significantly
increased the percentage of Zn in tibias in comparison
with the control groups (P<0.05).

DISCUSSION

The present study demonstrated that morphometric
properties and Zn content of the tibia of broilers are
affected when they are fed organic or inorganic Zn with
or without microbial phytase supplementation.

Tibia Bone Morphometric Measures

Dietary PH, OZ, IZ, OZ +PH and IZ +PH supplementation
significantly increased tibiotarsal weight (P<0.001) and
length (P<0.01) when compared with the control groups
in the current study (Table 3). In agreement with this,
Qian et al.”” reported that the tibias of broilers fed with
supplemental phytase (400, 600 and 800 U of phytase/
kg) and inorganic P were longer and wider than those
of broilers fed P-deficient diets. However, Sahraei et al.®%
reported that tibiotarsal weight and length were not
influenced by adding 100, 150 or 200 mg/kg of either zinc
oxide (72% Zn) or Bioplex Zn (15% Zn). The index of weight
to length of bone was first introduced by Seedor et al.*®
to show significant variations in bone mineralization. In
fact, this index indicates bone density, so that the higher
the index the denser the bone BU. The tibiotarsal weight/
length index was found to be significantly higher (P<0.001)
in the five experimental groups than in the control groups.
The reason for the increased index with the supplemented
diet compared to the control diet may be attributed to
a significant increase in tibia weight. Also, Kocabagli 32
demonstrated that tibiotarsal weight/length index was
increased when microbial phytase was supplemented at
levels of 300, 500 and 700 U of phytase/kg in the diet. The
result of this study contrasts with the results of Sahraei et
al.®%, who found that a diet supplemented with 100, 150

or 200 mg/kg of either zinc oxide (72%Zn) or Bioplex
Zn (15% Zn) had no significant effect on the tibiotarsal
weight/length index.

There was no difference between the groups with
regard to the thickness of the medial wall of the tibia. In
contrast, the thickness of the lateral wall was different and
the highest values for that were found in the IZ + PH and OZ
+ PH supplemented groups (P<0.05) (Table 3). The lowest
robusticity indices were found in the OZ + PH and 1Z + PH
diet groups (P<0.001). A low robusticity index indicates a
strong bone structure ", A high value of the tibiotarsal
index shows a high mineralization level of the bone 2%,
The present study indicated that there were no significant
differences (P>0.05) between the control and treatment
groups with regard to mean tibiotarsal index (Table 3). In
contrast to these findings, Sahraei et al*® and Kocabagli 52
reported that phytase or zinc supplementation to
diet significantly increased tibiotarsal index (P<0.05). The
results of the present study indicated that diaphysis diameter
and medullary canal diameter were not significantly
different (P>0.05) between the control and treatment groups
(Table 3).

Mechanical Measurements and
Zn Content of Tibia Bone

The skeletal integrity in poultry is affected by numerous
factors, including nutritional regime, genetic factors, sex,
age, management conditions and production system B9,
The stress at yield reflects the rigidity of bones as a whole,
whereas the slope of the linear region of the stress versus
strain curve (Young’s modulus or elastic modulus) reflects
the intrinsic stiffness or rigidity and material properties
of bone. A high modulus values indicate the bone to be
more rigid, whereas a low modulus could mean the bone
is more ductile ',

Although some small improvement in tibia breaking
stress and the modulus of elasticity were observed due
to supplemental organic and inorganic Zn alone or in
combination with microbial phytase, these differences
were not significantly different (Table 4). These results are
in agreement with the findings of Kocabagli 52, Perney et
al®¥ and Sohail et al*¥ who reported that the inclusion of
phytase in the diet improves bone strength. On the other
hand, Patterson et al.?? showed that the bone strength
and modulus of elasticity were reduced in the tibiotarsi of
broilers when they were fed a low Ca and low P diet. Further,
our results agree with those of Shelton and Southern &%
and Scrimgeour et al®? who reported an influence of Zn
on the mechanical properties of bones. These authors
described that lower zinc content in animals’ feed caused
a reduction of bone integrity, bone density, and bone
length, deterioration of compact bone formation, changes
in the biomechanical competency of bone tissue and a
decrease in the density of bones. These observations were
supported by tibia Zn content data.
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According to Jongbloed et al.®”, bone and pancreatic
zinc are the best response criteria to assess the biological
value of zinc sources in monogastrics. Underwood and
Suttle ¥ found a gradual decrease in Zn concentration in
wool, feathers and bones caused by lower zinc content in
the feed. Scrimgeour et al.*® found a positive correlation
between dietary and bone zinc level.

The tibia Zn content was found to be significantly
higher (P<0.05) in three of the experimental groups than
in the control groups. The highest values for tibia Zn
content were found in the PH (329.90), IZ (325.20), OZ +
PH (317.90), and IZ + PH (300.50) groups. These results
are consistent with the data published by Roberson and
Edwards 8%, Yi et al.'", Mohanna and Nys %, Ao et al.*",
Aksu et al.*¥, Shelton and Southern 3. Roberson and
Edwards B9 showed that adding 600 U of phytase/kg
of diet to the basal diet significantly increased bone Zn
concentration (21 to 23 vs 23 to 25 mg/g), and Yi et al.l'™
reported that the concentration and amount of Zn in
tibias were linearly increased by the dietary addition of
phytase and Zn. Results reported by Mohanna and Nys #%
indicated that tibia and plasma Zn concentrations increased
linearly with increasing levels of dietary Zn up to 75 mg/
kg. Ao et al®"" demonstrated that the total tibia Zn content
was linearly increased by dietary supplementing from
both inorganic (ZnSO4.7H20,) and organic Zn (a chelated
zinc proteinate) sources. Aksu et al.“%, who reported that
tibia Zn concentrations decreased with decreasing levels
of dietary Zn.

Moreover, data from Shelton and Southern B* determined
that dietary inclusion of microbial phytase increased the
availability of Zn and tibia Zn concentrations in broiler
chicks. These beneficial effects of phytase could possibily
be due to the release of minerals such as Zn from phytate
complexes. As a conclusion, the results of this study
indicate that microbial phytase (500 FTU/kg™) is effective
in improving bone morphometric traits and Zn content
in broilers fed with diets based on corn-soybean meal
and containing 75 mg/kg from organic or inorganic (not
deficiency) sources and low available phosphorus.
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