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Abstract: An experiment was conducted with 168 day-old male broiler chicks in grower phase (8-28d) to assay
the effect of two sources Zinc(Zn), Zinc oxide (ZnO) and Bioplex Zn. Chicks were allotted randomly to 7 dietary
treatments with  6  birds  per  replicate  and  4  replicates  per  treatment,  that  included  an  unsupplemented
corn-soybean meal basal diet (25.50 mg of Zn/kg of DM), or the basal diet supplemented with 100, 150 or 200
mg/kg of DM as either, Zinc oxide (72%Zn) or Bioplex Zn (15% Zn). Dietary Zn levels and sources had no effect
(p>0.05) on weight, length, tibiotarsi wt/length index and diaphysis diameter of tibia bone. But thickness of the
wall, medullary canal diameter, tibiotarsal index and ash percent had significant difference in all
treatments(p<0.05). As the highest tibia bone thickness of the wall, tibiotarsal index and ash percent were
observed in 200 mg/kg of diet of bioplex zn and zno. But the greatest medullary canal diameter was seen in
control diets. It seem, from the standpoint of tibia bone characteristic, using of 150 ppm of ZnO in diet was more
profitable than to broiler chicks and can be used by the feed industry as sources of supplemental Zn for broiler
chickens.
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INTRODUCTION [3] and the bone weight/bone length index, used by

Zinc is an essential trace element that is required for changes between normal and ovariectomized [5,6] or
growth, bone development, feathering, enzyme structure castrated rats [7]. Dietary supplementation with inorganic
and function and appetite for all avian species, Zinc is trace minerals has traditionally provided sufficient
commonly added as a supplement to all formulated amounts  of  each  mineral  to  support  normal  growth,
poultry diets due to natural feed ingredients are health and reproduction. However, genetic improvements
marginally deficient in Zn [1]. The skeleton not only continually change the commercial broiler strains and
provides structural support for the bird but also is an nutritionists start to question if currently used trace
important   mineral    source    for    metabolic   needs. mineral levels and sources will be suitable in the future
Many factors, such as growth, gender, aging, genetics, when feeding these faster-growing and highly productive
disease and nutrition, can affect bone strength through birds for meat and eggs [8]. Some researchers [9,10] have
their direct or indirect effects on bone. However, the most reported greater bioefficacy for organic Zn sources than
relevant  factor  for  poultry  bone  strength  is  nutrition. that observed for inorganic forms, including Zn oxide and
A number of invasive (bone ash, breaking strength, Zn sulfate; consequently, organic forms of the trace
weight and bone volume) and noninvasive methods element have been used with increasing pattern by the
(ultrasound) exist to assay the bone characteristic in feed industry. But others did not observed any difference
poultry. Mutus et al. [2] showed a good correlation in biological value between oxide and organic zinc
between the cortical index and the mineral content of bone sources in broilers [11]. In poultry, Zn deficiency causes
in humans and dogs, respectively. In experimental studies reduction   in   weight   gain,   skeletal   malformations,
of bones from rats, two indices of bone density were poor bone mineralization and immunological dysfunctions
proposed. The robusticity index, proposed by Reisenfeld [12,13]. Therefore, Zn is  often  supplemented  in  practical

Seedor et al. [4]. Both indices have shown significant
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poultry diets to elicit a positive response in broiler
chickens, particularly during early age. But genetic
improvements have led to fast growth rate in meat type
broiler chickens, that this hybrids might have different
needs of minerals and feed composition. There is a need
for better understanding of bone strength in poultry
because bone breaking and disorders led to mortality,
weak productivity and low carcass quality. Also bone
problems in poultry can be several hundred million dollars
economic cost a year. Bone situation is commonly used as
an indicator of mineral adequacy in poultry diet [14].
There are a little report describing the effects of zinc
sources on the morphology or mechanical characteristics
of broilers bones. The purpose of this study was to
estimate the effects of different zinc sources on
morphological properties of tibia bone and ash in broiler
chickens.

MATERIALS AND METHODS

Birds, Treatments and Managing Program: This study
was conducted in the poultry research farm of Tabriz
University (Tabriz, Iran). A total of 168 day-old
Ross×Ross308 male broiler chicks were randomly allotted
to four pen replicates of six birds for each of seven dietary
treatments such that each pen had a similar initial weight
and weight distribution. The basal corn-soybean meal
diets (Table 1) containing 25.50 mg  Zn/kg  as  fed  basis
(by analysis) were formulated to meet or exceed nutritional
requirements    of    broiler    chicks   grower stages   from
8-28 d NRC [15]. Dietary treatments included the basal diet
or basal diet supplemented with 100, 150, or 200 mg/kg
added     Zn     as,      Zn      oxide      and      Bioplex      Zn
(as organically Zn compounds). The basal diets were
formulated using Zn-free mineral premix, so that contained
minimum amount of zinc. A single batch of basal feed was
mixed and divided into 7 aliquots according to the
experimental treatment; Each Zn source was mixed with
cornstarch   to    the    same    weight    and    mixed   with
each     aliquot     of     the     basal     diet.    All   of   the
diets were calculated to contain equal concentrations of
methionine; lysine and other nutrients except of Zn.
Chicks were housed in the cage pens which placed at
thermostatically-controlled   room.   Chicks   were
maintained  on   a 24  h     constant     lighting    regimen
and had free access to feed and tap water containing no
detectable Zn in all times. Feed and water were provided
using plastic instruments to minimize environmental Zn
contamination.

Table 1: Composition of the basal diets

Ingredients (%) (8-28d)

Corn 55.85
Corn Starch 0.05
Soybean meal 36.60
Soybean oil 3.60
Di-Calcium phosphate 1.50
Caco3 1.35
Salt 0.25
DL-methionine 0.15
L-lysine 0.10
Vitamin premix 0.25a

Zn free mineral premix 0.25b

Nutrient composition
Metabolizable energy (kcal/kg) 3000
Crude protein (%) 21.00
Calcium 0.95
Available Phosphorus (%) 0.44
Lysine (%) 1.19
Methionine (%) 0.49
Zinc (mg/kg) 25.50

a:Supplied per kg diet: 11,025 I.U. vitamin A, 3,528 I.U. vitamin D3, 33
I.U. vitamin E, 0.91 mg
vitamin K, 2 mg thiamin, 8 mg riboflavin, 55 mg niacin, 18 mg Ca
pantothenate, 5 mg vitamin
B6, 0.221 mg biotin, 1 mg folic acid,478 mg choline, 28 ìg vitamin B12
b:Zinc-free mineral premix. Provided per kilogram of diet: Mn
(fromMnSO4.H2O), 60 mg; 
Fe (from FeSO4.7H2O), 50 mg; Cu (fromCuSO4.5H2O), 6 mg; I (from Ca
(IO3).2H2O), 1 mg; Se, 0.20 mg.

Chemical   Analysis:   Prior   to   formulating   the   diets,
the ingredients and Zn sources used were analyzed for
crude protein, ether extract, crude fiber and ash content
according   to   standard   procedures   of   AOAC   [16].
Zinc concentrations in Zn sources, diets and water were
determined by atomic absorption spectrophotometery. 

Data Collection: In the end of experiment two birds from
each   replication   were   killed   by   servical   dislocation,
the left and right tibia of each bird were removed as
drumsticks  with  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. They were then air-dried for 24 h at
room temperature. The tibiotarsal length and bone weight
were determined. The bone weight/length index was
obtained by dividing the tibia weight by its length [17].
The tibiotarsal indexes is determined using the following
formulas, tibiotarsal index= [diaphysis diameter-medullary
canal     diameter     /diaphysis      diameter]×   100     [17].
To determine bone ash content, bones were oven-dried at
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105°C for 24 h and ashed in a muffle furnace at 600 °C for which was similar to the results observed in our trial.
6 h     according    to   the   procedure   of   AOAC  [16]. Chicks fed no supplemental Zn had poor retention in
The percentage of ash was determined relative to the dry bones. Therefore, for appreciating the bioavailability of
weight of the tibia. Zn in broiler chicks, supplementation of higher levels of

Statistical Analysis: The mean of seven treatments were performance is essential [5]. Also Wang et al. [21] and
analyzed by  ANOVA  procedures  of  SAS,  PC  version Scirmgeour et al. [22] showed that the effect of Zn on the
6.12 [18],   in   a   completely   randomized   design. mechanical traits of bones and reported lower zinc content
Duncan’s multiple range tests was used to compare in diet had led to reduction bone integrity, bone density
treatment means at p<0.05 significant level. and bone length. But in against with others study that

RESULTS AND DISCUSSION no  effect on  bone  ash  of  broiler  chickens  [23,24].

The effect of experimental treatments on tibia bone the levels of these minerals in the diets were kept at NRC
traits are shown in Table 2. The Zn source and [15] recommended. However in the next study Ca
concentration     did    not   affect   weight,   length, retention in tibia was significantly (P<0.05) lower in birds
tibiotarsi wt/length index and diaphysis diameter of tibia fed no supplemental Zn and improved as its level
bone. The result in this study is agree with other increased in the diets. Maximum Ca retention was
experiments that tibia weight did not affected when used observed at the 80 ppm level and receded thereafter,
of 160 ppm at 4 week of age [5]. But thickness of the wall, suggesting the limitations of Zn supplementation at lower
medullary canal diameter, tibiotarsal index and ash percent and higher levels. Similarly, the P retention in the tibia was
had significantly difference in all treatments (p<0.05). significantly (P<0.05) higher at 40 ppm compared with all
However the highest tibia bone thickness of the wall, other levels, except 80 ppm, indicating that Zn
tibiotarsal index and the lowest medullary canal diameter supplementation at specific levels was essential to
were observed in 150 mg/kg of diet of zno rather than optimize P concentration in bone. Higher levels of Zn in
other treatments. The result of our study in agreements the diet appeared to interfere with the absorption and
with Aoyagi and Baker [19] that reported higher zinc oxide utilization of Ca and P particularly above 80 ppm [25],
availability in broilers. Ash percent in different treatments which  was also  observed  in  our  study.  In  general,
except control groups was similar, this finding that like the Diets based on corn and soybean meal generally contain
results of Pimental et al. [11]. It seems that inornganic zinc between 2.0 and 2.5 g phytic P / kg. Zinc content in feed
source such as ZnO in levels of 100-150 mg/kg of diet can components from plant origin is positively correlated to
be support tibia bone growth in broiler chickens in the 28 the phytic P content, with 10 mg of Zn to 1 g phytic P [26].
day of age. In general, zinc very important role in bone It is suggested that added Zn above NRC [15]
developments that impacted in the many experiments such recommendations from organic in organic sources is
as: Sandoval et al. [20] observed a linear accumulation of essential for overcome on bone disorders in broiler
Zn in bone, liver and kidney in chicks fed 0 to 1,500 ppm, chickens.

the    mineral    than    that    required    for   optimum

using of Zn levels above NRC [15] recommendation had

Because Ca and P are the major components of bones and

Table 2: Effect of different zinc sources on tibia bone morphology and ash percent

ZnO Bioplex Zn
---------------------------------------------------- -----------------------------------------------

Diets Items Control 100 150 200 100 150 200 SEM

Weight, g 3.72 3.52 3.55 3.82 3.82 3.72 3.89 0.08
Length, mm 65.55 66.65 66.69 66.98 67.21 67.53 65.69 0.30
Tibiotarsi wt/length index, mg/mm 56.84 52.82 53.28 57.21 56.74 54.52 59.40 1.22
Diaphysis diameter, mm 5.76 5.90 5.77 6.10 6.18 5.89 5.87 0.07
Thickness of the wall, mm 1.34 1.63 1.96 1.65 1.55 1.48 1.86 0.04a abc d bc ab ab cd

Medullary canal diameter, mm 3.08 2.64 1.83 2.79 3.07 2.91 2.14 0.10a ab c ab a a bc

Tibiotarsal index 46.50 55.57 68.46 54.42 50.36 50.94 63.25 1.49a ab c a a a bc

Ash, % 39.51 41.95 41.75 40.98 42.14 42.90 42.24 0.29a b b ab b b b

a,b,c Means with different superscripts within the same row differ significantly (P 0.05).
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CONCLUSION 10. Wedekind, K.J., A.E. Hortin and D.H. Baker, 1992.

The   results    of    this   study   showed   that in Efficacy estimates for zinc-methionine, zinc sulfate
corn-soybean meal diets the highest RBV of different zinc and zinc oxide. J. Anim. Sci., 70: 178-187.
sources were observed in 150 mg/kg concentration and 11. Pimental, J.L., M.E. Cook and J.L. Greger, 1991.
Bioplex Zn was more bioavailabile than zinc sulfate or zinc Bioavailability of zinc methionine for chicks. Poult.
oxide in practical diets. Also concluded that a practical Sci., 70: 1637-1639.
diet such as corn-soybean meal diets containing optimum 12.  Blamberg, D.L., U.B. Blackwood, W.C. Supplee and
concentration of Zn for supporting good growth in chicks G.F. Combs, 1960. Effect of zinc deficiency in hens on
in the first 3 weeks of old and additional supplementation hatchability and embryonic development. Proc. Soc.
had no added advantage. Exp. Biol. Med., 104: 217-220.
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