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Minerals such as calcium (Ca), phosphorus (P) and
magnesium (Mg) have important biological functions and
must be provided in adequate amounts in poultry diets
(Hurwitz 1995, Klasing 1998, Driver et al. 2005 a,b, Blair
2008). Inadequate intake of these minerals may affect
hormonal secretion, enzyme activity, muscle function, bone
mineral content, other body mineral functions, reduced
productivity and loss of resistance to diseases (Whitehead
1995, Qian et al. 1997, McDowell 2003, Peters and Mahan
2008). In broilers growth phase, the majority of the Ca is
used for the bone formation, allowing the support of the
body weight (Williams et al. 2000). The P deposition in the
bone follows the Ca deposition, characterizing the
interdependence between these minerals. Mg is involved
in many biochemical processes (Suttle 2010) and is also
present in heart, liver, spleen, kidneys, acting in tissue
synthesis (proteins, lipids). In addition, it functions in
activation of amino acids, synthesis and degradation of
DNA, neuro-transmission and immune function (Stryer
1988). Less is known about Mg supplementation of the high
producing breeds at various stages of growth and levels of
production to maintain health, as well as high production
level. Most studies have been focused on the therapeutic

effects of repletion of Mg deficiency or on adverse
effects of its excess (McWard 1967, Lee et al. 1980 a,b).
Stillmak and Sunde (1971 a,b) fed hens just over 1.0% Mg
from magnesium carbonate, causing decreased egg
production. The same level of Mg from dolomitic
limestone (limestone containing 10% or more Mg) had no
apparent effect on the hens. Further studies suggested that
Mg from the dolomitic limestone being used was less
available than Mg from magnesium carbonate, but these
studies were done with chicks. Other researchers suggest
that requirements of newly hatched broiler chicks for both
Ca and ‘available’ P are much lower than the latest NRC
(1994) standards (Henry and Pesti 2002, Driver et al. 2005a,
Fritts and Waldroup 2006).

Dolomite [CaMg(CO3)2] is a carbonate mineral
composed of calcium magnesium carbonate, a sedimentary
rock. It is generally formed from limestone by
dolomitisation, a diagenetic process involving replacement
of calcium in the calcite with magnesium (Baltre 1976).
This may occur either soon after limestone deposition, by
exchange with seawater, or after lithification by exchange
with magnesium-bearing solutions. The process is partly a
function of the permeability of the rocks and can therefore
be very selective, giving rise to interbedded limestone and
dolomite. There is a lack of literature data on the effect of
dolomite (in particular amorphous dolomite) as a unique
source of calcium and magnesium into diets on the
performance and bone quality in broiler chicks. The most
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ABSTRACT

One-day-old Cobb 500 broiler chicks (1200) were allocated to 3 experimental treatments, each one had
4 replicates. The treatments differed only by the source of Ca and Mg supplemented as follows: control group
contained limestone (as Ca source: 10.0/9.6/9.0 g/kg, for each growth phases) and MgO (as Mg source: 2.36/2.39/
2.38 g/kg, for each growth phases); AD1 and AD2 groups – limestone and MgO were replaced with AD as Ca and
Mg source. The AD1 diet contains the same levels of Ca as control and Mg levels were 5.8/5.6/5.45 g/kg. The AD2
diet contained reduced levels of Ca (7.5/7.3/6.8 g/kg) and Mg levels were 4.3/4.21/4.12 g/kg, for each of the
growth phases. The plasma biochemistry was not influenced by treatments, except Mg concentration which was
increased in the experimental groups. Tibia ash, bone Ca and P content were not different in any of the treatment
groups. Bone Mg content was increased in the AD groups compared with control. AD can improve weight gain and
presented similar plasma metabolic profile, tibia ash and bone Ca and P content with limestone adding MgO.
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of the study was carried out on the laying hens. It is assumed
that the new breeds of high-producing farm animals
(hybrids) require more nutrients and minerals than the
former strains (Suttle 2010). The objective of this study
was to evaluate the effects of amorphous dolomite as natural
Ca and Mg source on broiler performance, plasma metabolic
profile and bone minerals.

MATERIALS AND METHODS

Calcium sources and chemical analyses: Two calcium
sources were used in this study: amorphous dolomite (AD)
provided from Romanian quarries (in the Delnita area of
Harghita County, Transylvania) and a limestone provided
from Vâlcea County, Romania, Râmnicu-Vâlcea quarry.
Each calcium source was crushed and screened to a size of
<1mm. The powder thus obtained was weighed and kept in
bags prior to its incorporation into diets. The sample of
diet and each calcium source were analyzed for trace
element contents (Ca, Mg, P), manganese (Mn), copper (Cu)
and zinc (Zn). Macro and micro-minerals were estimated
after microwave mineralization by hydrochloric acid and
hydrogen peroxide, Ca Mg, Mn, Cu and Zn by flame atomic
absorption spectrometry using atomic absorption
spectrometer at wavelengths of 422.7 nm (Ca), 285.2 nm
(Mg), 279.5 nm (Mn) 324.7 nm (Cu) and 213.8 nm (Zn)
and P spectrophotometrically as vanadate yellow using an
UV/VIS Spectrophotometer at wavelengths of 422 nm.
Apparent calcium solubility was determined by following
the pH changes, as the percentage H+ disappearance after
introduction of 10 g of sample in 100 ml of a 0.1N
hydrochloric acid solution (Savage 1982). All analyses were
performed in duplicate.

Broilers, diets and performance measurements: Day-old
1,200 broiler chickens, obtained from a local commercial
hatchery and raised for 42 d were used. In total, 12 floor
pens with wood shaving (surface area 7.5 m2) were used,
each containing 50 male and 50 female broilers, to give 4
pen replicates and 400 birds / treatment. Diets were
formulated as starter, grower and finisher diets in
accordance with the feeding recommendations of these
strains (Cobb-Vantress 2008). The proximate composition
of feed components and the diets (dry matter, crude protein,
crude fiber, crude ash, ether extract) were analyzed using
the Kjeldahl procedure (AOAC 1990). Metabolizable
energy content of the diets was cal-culated on the basis of
the energy content of individual feed ingredients using
European Tables equation (Janssen 1989). The diets were
calculated to be isonitrogenous, isocaloric, and with similar
content of digestible sulphur amino acids (met + cys), lysine
and available P for each growth phase. All diets were based
on corn, soybean meal and rapeseed meal and differed only
by source and level of Ca and Mg supplemented as follows:
Control group–supplemented with limestone (as Ca source)
at standard levels (10.0/9.6/9.0 g Ca/kg, for the starter/
grower/finisher feeding phases, respectively) and
magnesium oxide (MgO) as inorganic Mg source (2.36/
2.39/2.38 g Mg/kg, for each growth phases); for

experimental group 1 (AD1) and experimental group 2
(AD2) limestone and MgO were replaced with amorphous
dolomite as natural Ca and Mg source. Thus AD1 diet
contained the same levels of Ca as control group and Mg
levels were higher than control (5.8/5.6/5.45 g/kg). The AD2
diet contained lower levels of Ca (7.5/7.3/6.8 g/kg), and
higher Mg levels (4.3/4.21/4.12 g/kg) than control for each
growth phases. The broilers were given ad lib. access to
feed and water. A lighting schedule of 23L: 1D was imposed
throughout the experimental period. Control parameters,
such as temperature, humidity, light, ventilation and
vaccination, were the same for all groups. In order to
determine the performance of broilers, the body weight gain,
feed intake and feed conversion ratio were measured for
starter, grower and finisher, as well as for the total
experiment period. In cases where mortalities were
observed, the numbers and weights of such mortalities were
recorded accurately to make necessary corrections in
calculating feed intake and feed conversion ratio. Birds were
treated in accordance with Romanian legislation for
handling and protection of animals used for experimental
purposes. This study protocol was approved by the Ethical
Committee of The National Research Development Institute
for Animal Biology and Nutrition, Balotesti, Romania.

Plasma biochemical parameters: At 42 d of age, twelve
broilers per treatment were randomly selected and blood
samples were collected from wing vein of the birds in
heparinized tubes. Blood samples were subsequently stored
in ice, centrifuged at 2,500 rpm for 10 min at 4°C, and the
plasma was transferred to a fresh tube, frozen, and stored
at –20°C until analyses. Plasma concentrations of glucose,
cholesterol, triglycerides, total protein, albumin, total
globulin, creatinine, urea, Ca, P, Mg, Fe and the activity of
alkaline phosphatase (AP), -glutamyl transferase (GGT),
glutamate pyruvate transaminase (GPT), glutamate
oxaloacetate transaminase (GOT) were determined on a
chemistry analyzer, using kits. Total concentration of
immunoglobulin (Ig) subsets was measured by ELISA after
plasma dilution: 1/4000 (IgA), 1/60000 (IgG) and 1/6000
(IgM) as previously reported (Marin et al. 2006), and
according to the manufacturer’s instructions. Absorbance
was read at 450 nm using a microplate reader and results
were expressed as mg/ml of plasma.

Tibia ash and mineral concentrations: The tibia from
the left leg was removed, boiled for 10 min. and cleaned of
adhering tissue. The bones were harvested from the same
broilers used to collect blood samples and frozen (–20°C)
until the analysis. Tibias including epiphyses were dried at
105°C for 12 h and extracted with ethyl ethanol for 24 h
followed by a 24 h extraction in petroleum ether (Kjeldahl
procedure) (AOAC 1990). The dry fat-free bones were
ashed in a muffle furnace at 550°C. Ash weight was
calculated as a percentage of dry fat-free bone weight. Bone
Ca and Mg were analysed by flame atomic absorption
spectrometry and total P spectrophotometrically.

Statistical analysis: All data were analysed by the general
linear models (GLM) procedure using the SPSS software
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version 17. One-way analysis of variance (ANOVA)
with the post hoc Duncan’s multiple comparison tests
was used to evaluate statistical significance of differences
among the control and experimental groups. The results are
given as means and standard error of the mean (SEM).
Differences were considered significant at P<0.05.
Replication was considered as the experimental unit for
determined performance.

RESULTS AND DISCUSSION

Chemical composition of calcium sources: The calcium
supplements (amorphous dolomite and limestone) contained
different levels of Ca from 20.61 and 35.13% respectively.
In AD source, a higher level of Mg (12.60 vs. 0.03%) was
observed compared with limestone and their trace mineral
levels fluctuated, especially for Mn (64.81 vs. 105.97 mg/
kg) and Zn (41.30 vs. 12.15 mg/kg). Apparent calcium
solubility in hydrochloric acid (0.1N solution) differed
slightly between the calcium sources. Limestone had the
lowest solubility in vitro when compared with amorphous
dolomites, 10 min after the beginning of the reaction (86.95
vs 92.52%) (data not shown).

Broilers performance: The higher body weight gain was
observed in the AD1 followed by AD2 group in starter,
grower and finisher, as well as the total (day 42) experiment
period, compared to control group (2552.72 and 2564.60g
vs. 2479.45g; P<0.05) (data not shown). Similar results have
been reported by Gal et al. (2004), that the additional Mg
improves feed digestibility and the weight gain of broilers.

Rogler and Parker (1972) showed that the diet formulation
for broilers before the age of 28 days must include higher
proportions of Mg. On the other hand, Reddy et al. (1973),
Chou et al. (1979) and Lee et al. (1980 a,b) also
reported that the improper supply of Mg mineral may
slow down growth, cause bone malformations and
mortality. During the overall period there was no significant
difference between the experimental groups regarding feed
intake feed conversion ratio and mortality rate (P>0.05)
(data not shown).

Plasma biochemistry: There was no significant treatment
effect on plasma protein (Table 1) and energy profile
(P>0.05). Generally, the broilers fed diets containing AD
had slightly higher plasma protein and energy values (except
triglyceride and cholesterol levels) than the broilers fed on
the control group. Serum urea concentration is a good
indicator of protein status in chicks (Kaneko 1997).
Accordingly, the present results of plasma urea being within
the normal values signified the good ability of diets to supply
the protein requirements for chicks. Also, in the present
study, broilers fed diets containing AD1 and AD2 had only
a slightly decreased in plasma triglyceride and cholesterol
levels than those of the control group without significantly
differences (P>0.05). Similarly, Sahin et al. (2005)
demonstrated that Mg supplementation (1 or 2 g Mg/kg of
diet) reduced content of plasma lipid and has decreased the
effect of heat stress on 10-day-old quail, whether it was
given as MgO or magnesium proteinate. In our study there
was no significant treatment effect on plasma Ca, P and Fe

Table 1. Effects of sources of Ca and Mg on plasma metabolic profile of broilers at 42 days

Plasma profile Parameter Dietary treatment
Control AD1 AD2 SEM P-value

Energy Glucose (mg/dl) 198.57 216.79 229.45 7.806 0.262
Cholesterol (mg/dl) 101.22 86.88 89.35 3.353 0.647
Triglycerides (mg/dl) 33.84 27.57 29.70 1.346 0.221

Protein Total protein (g/dl) 2.88 3.10 3.00 0.072 0.591
Albumin (g/dl) 1.32 1.26 1.28 0.019 0.237
Total globulin (g/dl) 2.13 2.18 2.27 0.027 0.067
Creatinine (mg/dl) 0.38 0.44 0.48 0.018 0.063
Urea (mg/dl) 1.33 1.64 1.67 0.121 0.561

Mineral Calcium (mg/dl) 12.14 11.21 11.74 0.388 0.629
Phosphorus (mg/dl) 6.88 6.44 6.47 0.223 0.068
Magnesium (mg/dl) 2.12b 2.90a 2.83a 0.009 0.001
Iron (µg/dl) 149.53 162.37 131.92 17.274 0.168

Enzymatic AP (U/l) 583.67 603.74 604.65 8.675 0.121
GGT (U/l) 13.42 14.81 14.77 0.961 0.194
GPT (U/l) 10.67 12.11 11.78 0.227 0.138
GOT (U/l) 65.77 68.10 67.23 2.456 0.334
IgA (mg/ml) 0.27 0.29 0.33 0.012 0.073
IgM (mg/ml) 2.19 2.25 2.28 0.065 0.137
IgG (mg/ml) 4.34 4.39 4.51 0.087 0.243

a,bMeans within a row with the same or no letter do not differ (P>0.05).
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concentration (P>0.05). However, plasma Mg concentration
increased (P<0.05) in AD1 and AD2 groups, compared with
control group (2.90 and 2.83 vs. 2.12). The treatment did
not affect (P>0.05) plasma enzymes (AP, GGT, GPT or
GOT) values. Also, the broilers fed with diets containing
AD did not significantly affect (P>0.05) plasma IgA, IgM
or IgG values, compared with control group. Our results
show normal function of liver, kidney and pancreas and
were in agreement with what was reported by Lebarcq-
Verheyden et al. (1974). Also, the diets did not significantly
affect plasma IgA, IgM or IgG values, indicating that the
treatment did not affect the immunity of birds and is
congruent with the similar reference values reported for
chicks by Kaneko (1997). Liver function tests for GPT, GOT
and Ig produced similar results in all treatments. Guo et al.
(2003) reported that supplemental Mg in both the proteinate
and oxide forms significantly elevated the activity of hepatic
catalase and improved antiperoxidation capacity of broilers.
Other researchers found no detrimental effects of excess
Mg on bird performance from natural or chemically defined
(McGillivray and Smidt 1975) sources. Atteh and Leeson
(1983) suggested that the dietary supplements of Mg reduces
the stress of the high production level or of the growth stage;
it also prevents cannibalism. Recent information showed
that Mg supplementation may reduce the consequences of
stress in animals (Suttle 2010). Physiologically, this
beneficial effect was mediated, at least partly, by restoring
the activity of anti-oxidative enzymes (Yang et al. 2012).
Also, this finding suggested that magnesium
supplementation might be a potential strategy to attenuate
heat stress induced detrimental effects in broilers raised in
summer or tropical areas.

Tibia mineral composition: Information on the mean
value for tibia chemical composition of the experimental
broilers are given in Table 2. Tibia ash was not significantly
different in any of the treatment groups (P>0.05). Bone Ca
and P content were higher in the broilers fed with control
diet, but no significant differences (P>0.05) were seen
compared to the AD1 and AD2 groups (39.05 vs 38.65 and
38.30; 17.89 vs 17.74 and 17.43, respectively). Similarly,
Viveros et al. (2002) also found decreases in bone Ca and P
concentration in diets with Ca: P at 1.62: 1 in comparison
to diets with Ca: P at 2.02: 1. Schoulten et al. (2003) have
found values between 54.8 and 56.5% of tibia ash, 18.8

and 20.1% of Ca in ash, and 10.4 and 11.9% of P in ash
from Hubbard broilers at 42 d of age. In our experiment
bone Mg content was increased significantly (P<0.05) by
feeding AD1 and AD2 compared to the control diet.
Similarly, Barreiro et al. (2009) reported Ca and P values
(as % in ash) close to this experiment, but the Mg values
were a little lower. Our results do not disagree with Oviedo
et al. (2006) who reported that it is important to limit the
content of Mg to 0.4–0.5% in the compound feeds with
dolomite because it may decrease the tibia ash level. In our
experimental diets, dietary level of Mg was formulated
below the current NRC (1994) recommendations to ensure
maximum responses (600 mg/kg). Suttle (2010 citing the
NRC, 2005) has placed the tolerable limits of Mg for poultry
at 5.0–7.5g kg–1 DM. On the other hand, recent research
suggests that newly hatched broiler chicks can grow
unconstrained for 16–21 days with dietary Ca at 5–7 g kg-

1 DM with available P at (Henry and Pesti 2002) or
below (Driver et al. 2005b) the NRC standard: for growers,
3.5 g Ca kg-1 DM can suffice, reflecting the more
efficient absorption by older chicks, but requirements for
maximal bone ash were slightly higher. Although live
performance is an important measure of any dietary
changes, our results demonstrated that, plasma and bone
mineral concentrations are generally more sensitive than
performance factors for evaluating Ca, P and Mg
bioavailability; these minerals play a major role in the
formation and maintenance of broiler skeleton.

This study showed that the possibility of using an AD as
natural Ca and Mg source. It was found that AD
supplementation used in the diets of broilers increased body
weight gain and presented similar feed conversion ratio,
plasma metabolic profile, tibia ash and bone Ca and P content
with limestone adding MgO. Generally, the values obtained
from plasma constituents indicated normal physiological and
healthy status of broilers fed diets containing AD. In
summary, our experimental results suggested that Ca and Mg
supply in the nutrition of farm animals calls for more
attention. The amount of Ca, available P and Mg required by
hybrid animals requires re-evaluation.
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