
An Acad Bras Cienc (2021) 93(2): e20191048 DOI 10.1590/0001-3765202120191048
Anais da Academia Brasileira de Ciências  |  Annals of the Brazilian Academy of Sciences
Printed ISSN 0001-3765 I Online ISSN 1678-2690
www.scielo.br/aabc  |  www.fb.com/aabcjournal

An Acad Bras Cienc (2021) 93(2)

Running title: MINERALS 
AND BROILER BREEDER 
PERFORMANCE

Academy Section: ANIMAL 

SCIENCE

e20191048

93 
(2)
93(2)

DOI
10.1590/0001-3765202120191048

ANIMAL SCIENCE

Performance of broiler breeders supplemented 
with organic and inorganic minerals

DOUGLAS PEDRO, ALEXANDRE P. ROSA, ANGÉLICA LONDERO, JULIANA 
FORGIARINI, TATIANE BRANCO, HELENO M. DE FREITAS, CAMILA B.S. GIACOMINI 
& MÁRCIO PILECCO

Abstract: The present study aimed to evaluate the use of organic and inorganic minerals 
in Cobb500 broiler breeder diet and its effects on the performance. The birds were 
housed in an experimental house at Poultry Laboratory of the Federal University of 
Santa Maria with 20 fl oor pens of 4.61m2 each. The experiment was conducted between 
51st and 65th weeks of age of birds. The design was completely randomized with four 
treatments and fi ve pen replicates with 22 hens and 2 roosters each. The treatments 
evaluated were: PI=100% mineral inorganic premix; PO= 100% mineral organic premix: 
PI+PO= 70% mineral inorganic premix + 30% mineral organic premix and PI+Zn= 100% 
mineral inorganic premix, except zinc mineral, that was 70% inorganic form and 30% 
organic form. The following parameters of performance and egg quality were evaluated: 
laying rate, body weight, egg, albumen and yolk weight, yolk color and specifi c gravity of 
eggs. These parameters were performed one day per week throughout the experimental 
period to evaluated egg quality. Under the conditions and time that the experiment was 
conducted, the use of organic minerals had no signifi cant effect on the performance and
egg quality parameters evaluated in the broiler breeders.
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INTRODUCTION

The trace minerals or micro minerals such as 
zinc (Zn), iron (Fe), copper (Cu), selenium (Se), 
iodine (I) and manganese (Mn), are involved 
in many biochemica functions, physiologic 
and endocrine functioning as catalysts for 
enzymatic processes, secretion of hormones 
and immune responses and are essential for 
the growth and health of the poultry. From a 
practical standpoint these minerals have been 
added to the diets with large safety margins 
for the broiler breeders express their maximum 
genetic potential. Historically this occurs due to 
low cost mineral in its inorganic form and the 

lack of accurate requirements data on of these 
minerals (Zhao et al. 2010).

Most mineral sources added to feed are 
derived from inorganic compounds such as of 
inorganic salts, such as sulfates, oxides, and 
carbonates (Bao et al. 2007). Organic micro 
mineral sources may be an alternative to 
inorganic sources. Organic trace minerals do not 
dissociation in the acidic gastric pH, remaining 
electrically neutral and protected from chemical 
reactions with other molecules in the intestinal 
lumen, which optimizes their absorption 
and increases their bioavailability relative to 
inorganic sources (Swiątkiewicz et al. 2014).

The advantage in using organic minerals 
is that they do not form insoluble complexes 
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in the stomach because they are protected 
from interaction with the feed or the actual 
components present in the digestive tract 
(Abdallah et al. 2009).

The higher bioavailability compared 
to conventional inorganic sources, by the 
organic complexes have been the motivation 
for increasing the researches in the area. 
Considering that they are more easily absorbed 
and accumulated by the poultry, and in addition 
to acting by improving performance and 
reducing the excretion of trace minerals that are 
potentially polluting the environment (Carvalho 
et al. 2015).

Araújo et al. (2019) evaluated the Different 
dietary trace mineral sources for broiler breeders 
and reported that organic trace mineral (OTM) 
supplementation improved broiler breeder 
performance, with by higher egg production 
and better eggshell quality of OTM-fed hens 
compared with those fed inorganic trace mineral.

The object of this study was to evaluate 
the effects of the replacing different levels of 
organic and inorganic minerals (Zn, Cu, I, Fe, Mn 
and Se) on the diet of broiler breeders on the 
egg production e and egg quality.

MATERIALS AND METHODS
Broiler Breeders
The present study was carried out at the Poultry 
Science Laboratory - LAVIC of the Federal 
University of Santa Maria (UFSM). All procedures 
used in this study were previously submitted 
and approved by the Ethics Committee of UFSM 
(CEUA Nº 8311011116). The experiment evaluated 
the productive performance of Cobb500 broiler 
breeders submitted to the use of organic and 
inorganic mineral feed in 4 experimental groups.

The experimental period comprised the 
interval between the 51st and 65th week of age. 
Information was collected regarding the laying 

rate, egg, yolk and albumen weight and specific 
gravity of eggs. Except of egg production, which 
was collected daily, the other parameters 
were measured weekly. In a total of 440 hens 
and 40 roosters of broiler breeders were used 
and distributed on a completely randomized 
design with four treatments and five replicates 
of 22 hens and two roosters each. The hens 
were housed in their treatment according to 
body weight and rate of laying. The roosters 
were selected and divided according to their 
phenotypic characteristics, such as: body weight 
and phenotypic characteristics. The birds 
were housed in experimental poultry house, 
with a total area of 300m2, being used for the 
experiment 20 boxes of 4.61m2 (3.24 x 1.42 m) 
each. Water was supplied ad libitum throughout 
the experimental period, and the drinkers were 
washed three times a week. A photoperiod of 16 
hours light/day was used during the study.

Treatments
The broiler breeders were subjected to four 
different treatments, according to Table I. The 
micro minerals utilized on diet were: cobre 
(Cu), selenium (Se), iron (Fe), manganese (Mg) 
and zinc (Zn). PI treatment - consisting of 100% 
inclusion of inorganic mineral premix; PO 
treatment - 100% inclusion of organic mineral 
premix; treatment PI+PO - 70% inclusion of 
inorganic mineral premix and 30% organic 
and mineral premix; treatment PI+Zn - 100% 
of inorganic mineral premix (except zinc: 70% 
inorganic zinc, plus 30% organic zinc). The basal 
diet was formulated taking into account the 
nutritional requirements proposed by Rostagno 
(2011), as shown in Table II.

The diet was feed to the birds by the 
morning every day at 8 o’clock in a controlled 
manner; the total consumption volume was 
calculated daily according to the number of 
hens and roosters/box and the amount of feed 
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in grams to be supplied the week, based on the 
recommendations of the Cobb 500 manual. The 
roosters ate the same diet of hens in separate 
feeders following the daily amounts of manual 
Cobb.

Hens performance and eggs quality
Every two weeks 50% of hens and 100% of 
roosters were weighed. 100% of the birds were 
weighed, individually, every 28 days, the birds 
even in the fasted state and with the use of 
a scale pointer with a capacity of 10kg and 
accuracy of 50g.

The eggs of the 51st until the 65th week were 
daily collected six times a day and identified 
with a pencil at the end of each collection, 
with the number of replicate pen in which they 
originated. The laying rate (RL) of each replicate 
was calculated weekly using the formula:

RL: (number of eggs produced / average 
number of birds in the week) X 100

One day a week, eggs were selected and 
classified those who not had abnormalities in 
form, cracks, dirt and small or excessively large 
eggs. Posteriorly, this eggs were used for obtain 
the weight and specific gravity. These evaluations 
were conducted utilizing all eggs produced 
during the last day of the week. Specific gravity 

was determined through the immersion of the 
eggs in saline solutions with densities of 1.065; 
1.070; 1.075; 1.080; 1.085; 1.090 and 1.095g/cm3 
(Hamilton 1982). The yolk color was measured 
using the DSM Yolk Color Fan. Egg weight, yolk 
weight and albumen weight were determinate 
through a precision scale (0.001g).

Statistical analysis
Data were submitted to analysis of variance 
and means compared by Tukey test at 5% 
significance level. These statistical procedures 
were performed by the statistical program SAS 
(Statistical Analysis System, 2000).

RESULTS AND DISCUSSION
Hens performance and eggs quality
The results obtained with the addition of 
different sources of mineral premix in the 
diets of broiler breeders showed no significant 
effect (P>0.05) on egg production in the period 
between 51st and 65th weeks of age (Table III). In 
this way, the results of this study are consistent 
with those obtained by Carvalho et al. (2015) 
that not found effect on the egg production 
of layers of the inclusion in the basal diet of a 
mixture of organic trace minerals (copper, iron, 

Table I. Treatments involving broiler breeders and different minerals.

Premix
Treatments Premix Organic2, (%)  Premix Inorganic, (%) Zinc Organic, (%)

PI 0 100 0
PO 100 0 0

PI+PO 30 70 0
PI+Zn 0 1001 30

1Except for Zinc, that is 70%.
PI= 100% premix mineral inorganic: Cu, 300mg; Fe, 1500mg; Mg 2100mg; Se, 9mg; Zn, 1950mg per kg of diet.
PO= 100% premix mineral organic: Cu, 500mg; Fe, 3500mg; Mg 4000mg; Se, 16mg; Zn, 5500mg per kg of diet.
PI+PO= 70% premix mineral inorganic (Cu, 210mg; Fe, 1.050mg; Mg 1.470mg; Se, 6.3mg; Zn, 1.365mg per kg of diet). + 30% premix 
mineral organic (Cu, 150mg; Fe, 1050mg; Mg 1200mg; Se, 4.8mg; Zn, 1650mg per kg of diet).
PI+Zn= 100% premix mineral inorganic (Cu, 300mg; Fe, 1500mg; Mg 2100mg; Se, 9mg per kg of diet), except zinc mineral, that is 
70% inorganic form and 30% organic form (1365mg +1650mg per kg of diet, respectively).
2 Yes Sinergy Brazil.
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manganese and iodine, chelated with amino 
acid and partially hydrolyzed proteins) replacing 
100%, 90%, 80%, or 70% of the inorganic mineral 
source.

The body weight of broiler males and females, 
were not affected during the experimental 
period. Bao et al. (2007), experimenting with 
broilers using 4 mg of copper and 40 mg each 
of iron, manganese and zinc, reported no effect 
on body weight and growth, it is possible to use 
these low levels of organic minerals and reduce 
the excretion into the environment. 

To rate of laying, the results agree with those 
obtained by Sechinatto & Nakada (2006), that 

experimented with layer hens and the results of 
treatments with diets containing 100% organic 
minerals and 100% inorganic minerals and 
even diets with the combination of an organic 
single element, whether (Mn, Fe, Zn, Cu, Se) 
and others inorganic minerals, had no benefit 
on production parameters. As well as, Yenice et 
al. (2015) found no difference in the effects of 
dietary organic (chelated) or inorganic Mn, Zn, 
Cu and Cr supplementation on the performance 
(body weight, egg weight, and egg production) of 
laying breeder hens.

The use of organic micro mineral in animal 
diets has been increasing because they appear 
to have greater bioavailability compared with 
inorganic micro mineral (Cao et al. 2002). 
Organic micro minerals present good chemical 
stability, higher biological potency and delay the 
antagonism among different minerals (Spears 
1996). In this study, this positive effect of the 
substitution or addition of organic minerals 
in the bird diet was not found. Egg production 
remained the same, so the use of minerals 
in organic form can be done without causing 
negative effects on performance. 

Using different sources of selenium 
and organic zinc, Reis (2009) did not observe 
significant differences in average egg weight and 
specific gravity of eggs from broiler breeder’s 
production in two periods. Studies comparing 
sources of inorganic and organic selenium to 
egg weight are contradictory. Leeson et al. 
(2008), using inorganic versus organic selenium 
did not affect laying rate or egg weight of broiler 
breeders or layer hens, which is in agreement 
with the previous findings of Utterback et 
al. (2005). This author states that despite the 
results, the use of organic form in the diets of 
hens increases the selenium content in eggs.

In this study, the egg quality (specific 
gravity, weight of egg, yolk and albumen) was 
also not affected by the use of organic minerals. 

Table II. Ingredient composition and calculated 
nutrient analysis of the basal diets of broiler breeder.

Ingredient, (g/kg) Amount
Corn grain 68.52

Soybean meal (46% Crude Protein) 21.57
Wheat bran 0.11

Dicalcium phosphate 16.4
Limestone 7.21

Salt 0.40
Vitamin Premix1 0.40
Mineral Premix2   0.10
DL-Methionine 0.40

Calculated analyses
Energy Metabolize, (kcal/kg) 2850

Crude Protein (%) 15.96
Calcium (%) 3.00

Available phosphorus (%) 0.40
Cooper (mg/Kg) 12.00

Iron (mg/Kg) 60.00
Zinc (mg/Kg) 78.00

Selenium (mg/Kg) 0.36
Manganese (g/Kg) 84.00

1Vitamin premix: Composition per kilogram of product: 
vitamin A, 2.090.000 UI; vitamin E 7.600mg;
vitamin, B1 475mg; vitamin, D3 332.500 UI; vitamin, K3 950mg; 
nicotinic acid, 8.500mg; vitamin, B12
3.800mcg; vitamin, B2 1.900mg; vitamin, B6 950mg; folic acid, 
237.5mg; biotin, 38mg; choline, 72.000mg;
pantothenic acid, 3.800mg;
2Mineral premix: Composition per kilogram of product: 
copper, 3.000mg; iron, 15.000mg; iodine, 300mg
(in salt); manganese, 21.000mg; selenium, 90mg; zinc, 
19.500mg.
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This effect has also been observed by Stefanello 
et al. (2014) who evaluated the quality of eggs 
on Hy-Line W36 laying hens between 47 to 
62 wk of age fed diets supplemented with an 

organic source (proteinates) of micro minerals 
(Mn, Zn, and Cu) and no found effect of micro 
minerals on the specify gravity. Also, Saldanha 
et al. (2009) evaluated effect of organic mineral 

Table III. Egg production, constituents and specific gravity.

Period 
(weeks)

Treatments
Egg 

Production
(%)

Egg weight 
(g)

Specific 
Gravity

 (g/cm3)

Yolk 
color

Yolk 
(%) 

Albumen
(%)

PI
PI 

68.28 70.84 1.083 8.68 56.67 30.80

PO 67.86 70.63 1.083 8.90 57.07 30.88
51-54 PI+PO 67.15 70.64 1.083 8.53 56.93 30.66

PI+Zn 67.04 70.94 1.082 8.71 56.85 30.80
SEM 0.56 0.21 0.0002 0.09 0.19 0.16

P-value 0.8675 0.9529 0.7290 0.5905 0.9204 0.9736
PI 63.44 70.48 1.080 9.63 56.81 30.88
PO 60.84 70.14 1.079 9.63 56.92 30.91

55-58 PI+PO 59.56 71.19 1.079 9.40 57.25 30.74
PI+Zn 61.27 70.71 1.079 9.43 56.53 31.09
SEM 0.89 0.21 0.0001 0.11 0.12 0.12

P-value 0.5140 0.3824 0.4196 0.8336 0.2555 0.8444
PI 57.56 70.83 1.080 10.80 56.54 31.02
PO 58.50 71.07 1.079 10.61 56.97 31.19

59-62 PI+PO 58.28 72.23 1.079 10.80 56.66 31.17
PI+Zn 56.94 71.49 1.079 10.46 56.67 31.21
SEM 1.01 0.25 0.0002 0.06 0.16 0.18

P-value 0.9553 0,2496 0.6875 0.2357 0.8487 0.9851
PI 52.97 70.64 1.079 10.51 56.74 30.58
PO 51.49 71.40 1.079 10.66 57.16 30.48

63-65 PI+PO 53.07 71.90 1.079 10.55 57.24 30.57
PI+Zn 52.86 71.46 1.078 10.37 56.32 31.13
SEM 0.80 0.19 0.0002 0.09 0.19 0.16

P-value 0.9026 0.1314 0.7554 0.7840 0.3238 0.5446
PI 61.07 70.70 1.080 9.86 56.69 30.85
PO 60.22 70.77 1.080 9.90 57.02 30.89  

Total PI+PO 59.95 71.46 1.080 9.77 57.00 30.80
PI+Zn 59.97 71.13 1.080 9.70 56.63 31.05
SEM 0.74 0.17 0.0001 0.05 0.11 0.10

P-value 0.9549 0.4166 0.5034 0.6243 0.5409 0.8759
PI= 100% premix mineral inorganic.
PO= 100% premix mineral organic.
PI+PO= 70% premix mineral inorganic + 30% premix mineral organic.
PI+Zn= 100% premix mineral inorganic, except zinc mineral (70% inorganic form and 30% organic form).
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supplementation (Zn, Fe, Mn, Cu, I, and Se) on 
the egg quality of semi-heavy layers and did not 
find significantly influenced by the treatments 
on the yolk and albumen percentage. However, 
this same author found significantly influenced 
egg specific gravity and eggshell percentage, with 
the 80% organic micro mineral level. Paik (2001) 
evaluated organic Zn, Cu, and Mn sources in 
layer diets, and observed higher specific gravity 
and eggshell percentage in the eggs of layers 
fed organic micro minerals, and the association 
between organic Zn and Mn improved eggshell 
strength. According to author Zn influenced the 
synthesis of the enzyme carbonic anhydrase, 
which is essential for eggshell formation. 
However, in this study we sin not to evaluate 
the thickness of the shell, which would give us 
more specific results about the real quality of 
the shell and the influence of micro minerals on 
its deposition.

Branton et al. (1995), found better results in 
the percentage of laying rate, which differ from 
those found in this study, in birds treated with 
organic minerals. Similar results were also found 
by Surai (2002), Rutz et al. (2006). Pan et al. (2004) 
also found positive results in the use of organic 
minerals, in laying hens, using selenomethionine 
and observed an improvement in production 
and egg weight, yolk color and albumen quality. 
In this study, the yolk color was also not affected 
by the use of organic minerals. However, studies 
performed by Pan et al. (2010) with semi- heavily 
laying hens supplemented with Se organic 
demonstrated an improvement on the yolk 
coloration. These results are in agreement with 
those of (Surai & Sparks 2000) which, by adding 
organic selenium in the mother’s diet, observed 
an increase of carotenoids, vitamin A and 
vitamin E in the liver of chicks born. The positive 
effect of organic selenium on these fat-soluble 
substances may have occurred at both the level 
of intestinal absorption as in its transport in 

fluid extracellular to the liver or follicle. This fact 
justifies the observation of the yolk color in this 
study, since Se added to diet can promote color 
change.

Surveys of long duration with broilers 
breeders are very limited and the literature is 
controversial as to the results of evaluations 
of the use of organic minerals in commercial 
broiler breeders. This suggests further research 
on the subject, and because most authors 
state that but no differences on evaluated 
parameters in broiler breeder, studies indicated 
that organically-bound trace minerals can 
enhance mineral uptake, increase the mineral 
concentrations in the circulatory system or 
tissues, and reduce mineral excretion compared 
to inorganic mineral forms (Abdallah et al. 2009, 
Surai et al. 2006). With increasing concerns 
related to mineral pollution from animal waste, 
there has been considerable interests and 
discussion on how to minimize the excretion 
from the animal production Wang et al. (2018). 
Thus, the focus of research involving organic 
minerals should be on environmental issues 
and sustainability.

According Wang et al. (2018), the sources and 
levels of dietary supplemental trace minerals 
influence the concentration of minerals in 
serum, tissues, and fecaluria. In your study, 
organic trace minerals showed better retention 
than inorganic minerals. Supplementing the 
basal diet with organic trace minerals at 62.5% of 
commercially recommend level resulted in the 
highest retention in serum and tissues, while 
also reducing mineral excretion in fecaluria to 
levels equivalent or lower than the two inorganic 
treatments (50% and 37.5% of the inorganic trace 
minerals).
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CONCLUSION

Under the conditions and time that the 
experiments were conducted, the use of 
organic minerals in broiler breeders diets had 
not significant effects on the egg production, 
constituents and specific gravity.
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