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Silicon in broiler drinking water promotes bone development in broiler
chickens
S. SGAVIOLI, C. H. DE FARIA DOMINGUES1, D. M. C. CASTIBLANCO1, M. F. F. M. PRAES1,
GIULIANA M. ANDRADE-GARCIA1, E. T. SANTOS1, S. M. BARALDI-ARTONI1, R. G. GARCIA,
AND O. M. JUNQUEIRA2

College of Agricultural Sciences, Federal University of Grande Dourados, Dourados, Brazil, 1Department of Morphology
and Animal Physiology, São Paulo State University, Jaboticabal, Brazil, and 2Regional Jataí, College of Agricultural
Sciences, Federal University of Goiás, Jataí, Brazil

Abstract 1. Skeletal abnormalities, bone deformities and fractures cause significant losses in broiler
production during both rearing and processing. Silicon is an essential mineral for bone and connective
tissue synthesis and for calcium absorption during the early stages of bone formation.
2. Performance was not affected by the addition of silicon. However, broilers receiving silicon showed a
significant increase of phosphorus, zinc, copper, manganese and ash in the tibia.
3. In conclusion, broiler performance was not impaired by adding the tested silicon product to the
drinking water. In addition, bone development improved, as demonstrated by higher mineral and ash
content.
4. Further studies are required to determine the optimal concentration of silicon, including heat stress
simulations, to better understand the effects of silicon on bone development.

INTRODUCTION

The fast growth rate of broilers and high meat
deposition lead to increased levels of some meta-
bolic disorders causing leg problems, also called
leg weakness, and locomotor problems (Su et al.,
1999, Nääs et al., 2012). Deformations and frac-
tures are serious problems in broilers. Fractures
are related to low levels of feed conversion, due to
limited mobility, causing limitations in the feed
and water intake, which results in lower weight
gain. These birds should be killed to avoid
damage to the flock (Almeida Paz et al., 2008).
The leg problems of broilers have a direct rela-
tionship with the increase in weight gain. A better
weight gain is the ultimate goal of broiler produc-
tion. The occurrence of these diseases is respon-
sible for significant losses in global poultry
production. Recent research estimates that these
bone disorders result in mortality rates between
2% and 8% in broiler production, and the highest

incidence are in broilers, at 7–8 weeks of age
(Junior, 2009).

Silicon is an important component of bone
formation, and its deficiency affects skeletal devel-
opment (Schwarz and Milne, 1972). Silicon in
bones and cartilage is involved in the synthesis of
the bone matrix, and significantly influences bone
calcification (Seaborn and Nielsen, 1994). In rats,
silicon supplementation was found to increase
bone metabolism (Seaborn and Nielsen, 1994),
and Jugdaohsingh et al. (2004) verified that silicon
intake had a positive effect on human bone
mineral density. These studies suggest that silicon
may also play an important role in broilers.

Bone deformities and fractures occurring
during the rearing period result in considerable
losses for the poultry industry. When this is asso-
ciated with infections, mortality rates increase,
productivity is reduced, and carcass downgrade
rates increase. In addition, market-age broilers
with bone weakness or deformities may suffer
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fractures during catching and transport, causing
processing losses.

Experiments carried out with broilers
(Carlisle, 1972, 1981; Elliot and Edwards, 1991;
Sahin et al., 2006) show that silicon plays an essen-
tial physiological role in bone formation.
However, there are few studies on silicon supple-
mentation, particularly through drinking water.
Therefore, the effect of this mineral on broiler
performance, as well as on broiler bone develop-
ment and growth, needs further study.

The objective of this study was to evaluate the
effects of various added silicon concentrations in
broiler drinking water on performance, bone den-
sity, bone breaking strength and bone ash profile
in the tibia of 1–49-d-old broilers.

MATERIALS AND METHODS

This experiment was approved by the Animal Ethics
Committee (CEUA) of the College of Agriculture
and Veterinary Sciences of the São Paulo State
University (UNESP – Jaboticabal), Jaboticabal, SP
Brazil, protocol number 004732/13.

Birds, housing and experimental design

In the trial, 1120-d old, male, Cobb® broiler chicks
were housed in 32 pens with 35 birds each until
the 49th d of age. The birds were distributed in to

a completely randomised experimental design,
with 4 silicon levels (0, 0.5, 1.0 or 1.5 mg of the
commercial product/100 kg body weight (BW)/
d). The commercial product contained 30 g sili-
con/l of solution.

The birds received feed and water ad libitum
during the entire experimental period and ther-
mal comfort was maintained using brooders and
side-curtain ventilation. The chicks were vacci-
nated in the hatchery against Marek’s disease,
infectious bursal disease (IBD) and Avian pox.
The following vaccination programme was com-
pleted during the experimental period: IBD
(mild strain) on d 7 via eye drops; Newcastle dis-
ease and IBD (hot strain) via drinking water,
using powdered milk as vehicle (2 g l−1) on d 14.

Temperature and relative humidity were
recorded daily using two digital thermo-hygro-
meters placed at bird height in two equidistant
locations. The average and absolute maximum
temperatures was 30°C and 34.1°C, respectively,
while the average and absolute minimum tem-
peratures recorded were 18.6°C and 13.4°C,
respectively. The average and absolute maximum
relative humidity was 73.36% and 36.18%, and the
average and absolute minimum relative humidity
was 27.82% and 15.00%, respectively.

Diets were maize and soybean meal based
(Table 1) and formulated for starter (1–21 d),
grower (22–42 d) and finisher (43–49 d) phases,

Table 1. Ingredients and nutritional composition of the experimental diets

Phases

Starter (1–21-d old) Grower (22–42-d old) Finisher (43–49-d old)

Ingredients (g/kg)
Maize meal 584 620 707
Soybean meal 362 303 260
Soybean oil 10.0 39.5 3.7
Dicalcium phosphate 20.0 16.3 16.0
Calcitic limestone 9.0 8.3 7.0
DL-methionine 3.0 1.2 1.3
L-lysine HCl 2.0 2.2 -
Nutritional supplement* 5.0 5.0 1.0
Sodium chloride 5.0 4.5 4.0

Calculated nutritional composition
Crude protein 215 191 180
Metabolisable energy (MJ/kg) 12.14 13.23 12.64
Calcium 9.60 8.20 7.80
Sodium 2.30 2.20 2.20
Available phosphorus 4.80 4.00 4.00
Methionine + cystine digestible 9.20 6.10 6.00
Methionine digestible 5.30 2.80 2.70
Lysine digestible 12.00 10.70 8.60
Threonine digestible 7.30 6.50 1.90
Tryptophan digestible 2.00 2.20 1.70
Isoleucine digestible (%) 8.50 7.40 6.80

*Nutrients per kg of diet: Starter phase from 1 to 21 d – retinol 2.7 mg, cholecalciferol 92 µg, α-tocopherol 15 mg, vitamin K3 2.50 mg, thiamin 1.5 mg,
riboflavin 5.01 mg, pyridoxine 1.5 mg, vit. B12 12 µg, folic acid 0.6 mg, biotin 0.05 mg, niacin 35 mg, calcium pantothenate 11.22 mg, copper 6 mg, cobalt
0.10 mg, iodine 1.02 mg, iron 50 mg, manganese 65 mg, zinc 45 mg, selenium 0.21 mg, choline chloride (50%) 700 mg, coccidiostat 80 mg, growth promoter
(zinc bacitracin) 80 mg, and antioxidant (52.8%) 12 mg. Grower and Finisher phases 22–49 d – retinol 2.4 mg, cholecalciferol 89 µg, α-tocopherol 12 mg,
vitamin K3 2 mg, thiamin 1 mg, riboflavin 4.02 mg, pyridoxine 1.02 mg, vit. b12 10.02 µg, folic acid 0.402 mg, biotin 0.042 mg, niacin 28.02 mg, calcium
pantothenate 11.22 mg, copper 6 mg, cobalt 0.102 mg, iodine 1.02 mg, iron 50 mg, manganese 65 mg, zinc 45 mg, selenium 0.21 mg, choline chloride (50%)
500 mg, coccidiostat 60 mg, growth promoter (zinc bacitracin) 60 mg, and antioxidant (57.8%) 12 mg.
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according to the recommendations of Rostagno
et al. (2005).

Performance

At the end of the experimental period (49 d), the
weight gain, feed intake and feed conversion ratio
were calculated. The birds, the offered feed and
the feed residue were weighed at the beginning
and end of the starter (1–21 d), grower (22–42 d)
and finisher (43–49 d) periods. Water consump-
tion was calculated as the difference between the
supplied volume and the leftover volume from the
1st to 21st d of age. Mortality was recorded daily
for the correction of performance parameters and
to calculate viability.

Bone densitometry

On the 49th d, 32 birds (one bird per pen, 8 birds
per treatment) with body weights close to the
experimental unit’s average body weight, were
selected and identified with numbered leg
bands. The selected birds fasted 8 h and then
were killed by neck dislocation, bled, plucked
and eviscerated. The left and right tibiae of each
bird were removed and marked.

Bone densitometry was performed on the left
tibia. Muscles, cartilage and the fibula were
removed prior to the densitometry evaluation.
The evaluation was performed with the assistance
of an aluminium step wedge (6063 alloy, ABNT)
with 12 steps. Steps 1–10 were 0.5 mm thick. Steps
11 and 12 were 0.6 mm and 8.0 mm thick, respec-
tively. Each step measured 5 × 25 mm2, and the
scale was radiographed together with the bones.

The scale was placed parallel to the bone,
with the highest steps at the top of the frame.
The X-ray equipment was calibrated using the
technique relating kilovoltage (kV), milliamper-
age (mA) and milliamperage-second (mAs) with
the thickness of the analysed bone area. A stan-
dard X-ray machine (Siemens, Model Tridoro 812
E) from the radiology department of the
Veterinary Hospital at the College of Agriculture
and Veterinary Sciences of the São Paulo State
University (UNESP – Jaboticabal), Jaboticabal, SP
Brazil, was calibrated at 30 kV, 400 mA and 4 mAs.
The bones were radiographed using Kodak P-
MATG/RA film and 18 × 24 cm2, 24 × 30 cm2

and 30 × 40 cm2 frames. The metal frame was set
with intensifying screens (Kodak, Lanex Regular).
Bones were placed 2 cm distant from the borders
of the frame to allow uniform penetration of the
X-rays. The film was previously identified by light
impression, then developed and fixed in an auto-
matic processor (Kodak X-OMAT 200).

Densitometry was by use of a digital scanner
(Scanion A3). The digitised images were analysed
using the Image-Pro Plus software program (Image-

Pro Plus, Media Cybernetics, version 4.1) calibrated
for bone mineral density. Bone mineral density of
the following regions was calculated: proximal epi-
physis, diaphysis and distal epiphysis. Values were
expressed as millimetres of aluminium (mm Al).

Bone breaking strength

Next, the tibia samples used for measuring bone
densitometry were evaluated for breaking strength.
Eight left tibial samples per treatment were ana-
lysed. The bones were placed in a texture analyser
(TA-XT2i) coupled with a Warner-Bratzler appara-
tus (straight blade) perpendicular to the blade. The
maximum strength applied to the bones immedi-
ately before they broke was considered the breaking
strength and was expressed in Newton (N).

Mineral profile

Calcium, phosphorus, zinc, copper, manganese
and ash content were measured in the right tibias.
The right tibias from the different treatments
were identified using numbered aluminium
plates. The soft tissue was removed and the
bones boiled in deionised water for 5 minutes.
After drying at environmental temperature, the
samples were immersed in petroleum ether for
48 h, dried in a forced-ventilation oven at 60°C
for 48 h and then ground in a ball mill. Bone
mineral content was analysed at the Feed
Analysis Laboratory of the College of Agriculture
and Veterinary Sciences of the São Paulo State
University (UNESP – Jaboticabal), Jaboticabal, SP
Brazil, using wet analyses. Ash content was deter-
mined by burning the samples at 600°C. The
methods were applied according to Silva and
Queiroz (2002) and expressed as defatted dry
matter.

Statistical analysis

Data were tested for the presence of outliers,
“Studentised” residual normality and variance homo-
geneity. After complying with these assumptions, the
data were submitted to analysis of variance (5% sig-
nificance level) using the General Linear Model
(GLM) procedure of SAS® statistical package (SAS
Institute, 2002). When means differed significantly
by the F test, analysis orthogonal was performed to
test the linear, quadratic and cubic effects of silicon
concentrations on the evaluated parameters.

RESULTS

Performance

Performance was not influenced by silicon con-
centrations in the drinking water (Table 2).
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Bone densitometry and breaking strength

Data in Table 3 show that the concentrations of
silicon in the drinking water had no effect on
distal or proximal epiphysis bone density and
breaking strength.

Mineral profile

The silicon product levels significantly influenced
(P < 0.05) bone phosphorus, zinc, manganese and
ash content (Table 4). There was a quadratic
effect (P < 0.05) on phosphorus and zinc content,
with maximum levels of these minerals obtained

at silicon product concentrations of 0.97 and
1.23 mg/100 kg BW/d, respectively, as calculated
by the equations, P = −1.2x2 + 2.336x + 10.818
(R2 = 0.82) and Zn = −11.12x2 + 27.264x + 168.23
(R2 = 0.88). Inclusion of the silicon had a linear
positive effect (P < 0.05) on bone ash and manga-
nese content. According to the following equa-
tions: Ash = 2.696x + 59.218 (R2 = 0.91) and
Mn = 1.956x+11.078 (R2 = 0.95), the highest sili-
con level (1.5 mg/100 kg BW/d) resulted in the
highest bone ash content and manganese concen-
tration at 49 d of age.

DISCUSSION

Drinking water supplementation with the silicon
product did not significantly affect broiler perfor-
mance (feed and water intake, weight gain and
feed conversion ratio). These results are consis-
tent with the findings of Carlisle (1981), who also
did not observe any effect of silicon supplementa-
tion on broiler performance. However, in an ear-
lier study Carlisle (1972), feeding broilers a
purified amino acid diet with a low silicon inclu-
sion, observed slower 50% growth rate between
weeks 2 and 3, as compared to those birds fed
on the same feed, but with an increased silicon
addition. Sahin et al. (2006) evaluated three diet-
ary concentrations (0, 500 or 1,000 mg/kg) of an
arginine, inositol and silicon complex in quails,
and did not observe any impact on performance.

Silicon plays an important role in bone devel-
opment and in the synthesis of cartilage and con-
nective tissue. It participates in the cross links
between collagen and proteoglycans. It is an
important ion in osteoblasts of young animals,
and its levels decline as calcium and phosphorus
are deposited in the bones as the animals age.
Bone deformities and fractures are severe health
problems in modern, rapidly growing broilers,
because the genetic improvement on perfor-
mance has not included genetic improvement on
bone development as well. Broilers with skeletal
conditions have difficulty in reaching feeders and
drinkers, which results in low feed intake and low

Table 2. Performance parameter for broilers at 49 d (means
and corresponding standard error of the mean)

Silicon levels
Weight
gain (g)

Feed
intake (g)

Feed
conversion

(g/g)
Water

intake (l)

0 mg 3168 5807 1.83 2.4
0.5 mg 3160 5788 1.83 2.5
1.0 mg 3200 5896 1.86 2.4
1.5 mg 3152 5769 1.83 2.4
SE 26.09 47.78 0.01 0.03
Quadratic

probability
0.2301 0.1575 0.6091 0.8067

Linear
probability

0.1432 0.1471 0.3280 0.6300

Probability: P < 0.05.

Table 3. Tibia densitometry and bone strength for broilers at
49 d (means and corresponding standard error of the mean)

Silicon levels

Proximal
epiphysis
(mm Al)

Distal epiphysis
(mm Al)

Breaking
strength (kgf)

0 mg 3.517 2.067 33.06
0.5 mg 3.110 1.558 31.57
1.0 mg 3.807 1.938 27.57
1.5 mg 3.365 1.975 32.86
SE 0.2 0.2 1.3
Quadratic

probability
0.4308 0.9751 0.0761

Linear
probability

0.9336 0.8276 0.5363

Probability: P < 0.05.

Table 4. Tibia mineral profile for broilers at 49 d (means and the corresponding standard error of the mean)

Silicon levels

Calcium Phosphorus Ash Zinc Copper Manganese

(%/DM) (mg/kg DM)

0 mg 22.8 10.7 59.1 169.3 5.6 11.1
0.5 mg 23.2 11.9 60.4 175.9 5.7 11.9
1.0 mg 22.4 11.7 62.7 187.5 5.8 13.4
1.5 mg 23.0 11.7 62.7 183.1 5.5 13.5
SE 0.31 0.32 0.87 3.89 0.08 0.58
Quadratic probability 0.9358 0.0181 0.1056 0.0001 0.0624 0.1328
Linear probability 0.8383 0.0597 <0.0001 0.0003 0.7983 <0.0001

Probability: P < 0.05.
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growth rates. Frequently, these birds must be
killed. Considering the role silicon plays in bone
development and the bone development pro-
blems found in broilers, this study evaluated the
supplementation of a silicon product in broiler
drinking water for its effect on bone density,
breaking strength and mineral profile.

Although the silicon product supplementa-
tion did not affect bone density and tibial break-
ing strength, a higher mineral (P, Mn, Zn) and
ash content was promoted by supplementation of
the product, as previously found by Carlisle
(1972), Schwarz and Milne (1972), Fiore et al.
(2000), Clementi et al. (2001), Jugdaohsingh
et al. (2004) and Sahin et al. (2006). However, in
the aforementioned articles, silicon was added via
feed, which is different from this study, where
silicon was supplemented in the drinking water.
Drinking water supplementation is easier and
more accurate.

During inorganic bone matrix synthesis, cal-
cium phosphate and other elements (bicarbonate,
magnesium, potassium, sodium and citrate) are
concentrated, forming hydroxyapatite crystals,
which bind to collagen fibres, conferring strength
and flexibility to the bones. Hydroxyapatite crys-
tals are composed of calcium, phosphorus,
sodium, magnesium, potassium, strontium, zinc,
fluorine, chlorine and silicon. These are gradually
released from the bone matrix and constantly
resorbed, supplying metabolically important inor-
ganic nutrients (Tucker, 2003), such as silicon,
which varies with animal age and sex (Bissé et al.,
2005).

Seaborn and Nielsen (1994) observed that
silicon acts mainly in the synthesis of the bone
matrix and may significantly improve bone calcifi-
cation. Gough et al. (2004), in a study with broi-
lers, found a significant increase in the regulation
of osteoblast proliferation and in the gene expres-
sion of collagen type I synthesis in bone tissue
when birds were fed on 0.5% silicon via feed.
The authors of this study also observed a synergis-
tic effect of silicon and calcium on the stimulation
of bone cell activity when compared to control
birds. Hing et al. (2005) explain that silicon is
associated with calcium during the initial phase
of bone formation and also binds to magnesium
and fluorine, which is necessary to transport these
minerals to bone cells. Therefore, silicon is an
essential element for bone formation, and its defi-
ciency negatively impacts bone development
(Schwarz and Milne, 1972).

Some authors suggest that the bone mineral
profile is the best response parameter for evaluat-
ing bone development and that mineral supple-
mentation improves the locomotion system
(Zhang and Coon, 1997; Teichmann et al., 1998;
Ravindran et al., 1999). The linear increase in
tibial ash content in the present experiment was

probably due to the association between silicon
supply and magnesium and phosphorus deposi-
tion in the long bones (Carlisle, 1981). An intrin-
sic relationship between silicon deposition and
manganese and zinc deposition was not deter-
mined in the present study, but according to the
data, the addition of silicon in the drinking water
did increase tibial phosphorus and magnesium
content. Sahin et al. (2006) supplied an arginine,
silicon and inositol complex to quails subjected to
heat stress and observed that calcium, phos-
phorus, magnesium and manganese content was
reduced in the excreta and increased in the tibia.
Therefore, consistent with this study, the availabil-
ity of these minerals increased with the supple-
mentation of silicon, as shown by their lower
excretion (Sahin et al., 2006) and higher tibial
deposition.

In conclusion, broiler performance was not
impaired by adding the tested silicon product to
the drinking water. In addition, bone develop-
ment improved, as demonstrated by higher
mineral and ash content. Additional studies are
required to determine the optimal concentration
of the evaluated silicon product in broiler drink-
ing water, including heat stress simulations, in
order to better understand the effects of silicon
on bone development.
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