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ABSTRACT

Boron having the characteristics between metal and non-metal behaves like a metalloid and is considered as an
essential element for plants, while in animals and human the knowledge of its biological effects is not fully explored
yet and so it is the mineral of future prospect and interest. Boron is considered as a trace element in periodic table,
known to influence various physiological functions specifically the metabolism of vitamins, minerals and hormones
along with immunity and antioxidant defense mechanism. It acts as a lewis acid and in its cationic form has high
affinity for the hydroxyl group to form borate and boric acid. The chemical properties of boron allow it to form
complex with organic molecules containing hydroxyl group and therefore, interact with various metabolites to
influence cellular activity. Boron interacts with calcium and phosphorus and its supplementation have direct effect
on the bioavailability of Ca and P in the growth and bone development of chickens and other livestock. B plays a
role in regulating the enzymatic activity of pathways involved in energy substrate metabolism and insulin release.
Antioxidant activities of supplemental B were also elucidated. Boron plays a regulatory role in the metabolism of
several micronutrients, such as calcium, phosphorus, aluminum, magnesium and molybdenum along with its effect
on serum T3 and T4 concentration in livestock. B supplementation in chicken has shown better feed conversion
ratio, bone development and body growth, respectively.
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In recent years, the productivity of broiler and
layer chicken has increased considerably,
perhaps due to changes in genetic potential
of poultry and partly due to improved
managemental practices. It is known that
the genetic makeup of the bird influences the
utilization of Ca (Shafey et al. 1990; Hurwitz et
al. 1995) and thereby its requirement. Excess
calciumintake has been shown to reduce growth,
feed efficiency and necessitates higher than
normal levels of the other required minerals in
the diet (Shafey, 1993). Recommended or excess
levels of Ca (Nelson and Kirby, 1987) and or P
(Qian et al. 1994) in diet are known to reduce

the utilization of phosphorous in the chicken
gut. Conversely, P can be made available to
chicken by decreasing the concentrations of Ca
and P (Balla et al. 1984; Simons et al. 1990)
below the recommended levels in diets. Boron
(B) has been examined and accepted as a
possible essential nutrient in the metabolism
and utilization of macro and micro-minerals
and vitamin D (Kurtoglu et al. 2005; Bozkurt et
al. 2012).

Boron (B) is the fifth element in the periodic
table and the only non-metal in Group III A. B
having the characteristics between the metal
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and non-metal (Kilic et al. 2009) and behaves
like a metalloid. It acts as a lewis acid and in its
cationic form has high affinity for the hydroxyl
group to form borate (B(OH)* ") and boric acid
(H,BO,).

This is a weak acid with dissociative constant
(pKa) 9.25 and at pH 7.4, B exists mostly
as uncharged H,BO, (Naghii, 1999). These
distinctive chemical properties of B allow
it to form complex with organic molecules
containing hydroxyl group and therefore,
interact with various metabolites to influence
cellular activity (Park et al. 2005). Though, the
biological importance and dietary essentiality
of B as a trace element for livestock and
poultry is not absolutely elucidated, limited
research conducted worldwide suggests B as
a trace element known to influence various
physiological  functions  specifically the
metabolism of minerals and hormones (Devirian
and Volpe, 2003) along with immunity and
antioxidant defense mechanism (Bhasker et al.
2016). Armstrong and Spears (2001) studied
the interaction among boron, Ca and P on the
skeletal development of gilts and suggested that
supplementation with boron could improve the
bioavailability of Ca and P and the deficiency
of this element caused insufficient growth and
abnormal bone development (Naghii, 1999) in

poultry.

For poultry, B is not considered an essential
element. It is recommended in NRC, 1984 at
a level of 2 ppm in the feed regardless of the
category or type of poultry production and this
recommendation has not been made in the latest
standards for poultry in NRC, 1994 and ICAR,
2013. In nature, boron is generally present in
the form of borate. Plant tissues usually contain
30 - 50 mg boron/kg DM (Argust, 1998), while
animal tissues contain 5 - 6 mg boron/kg DM
(Okuyan, 1997). Few reports reveal that most
of the soils have less than 10 ppm B (Woods,
1994), suggesting its deficiency (Shorrocks,
1997). Fruits, vegetables and legumes are good
sources of boron (Sutherland et al. 1998), while
whole grains contain very little boron (Bhasker
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et al. 2015) and are widely used in poultry diets
(WHO, 1998).

The dietary supplementation of boron (B) has
become a concern for the poultry industry
given its regulatory role in mineral metabolism.
Vitamin D, Mg, Ca, P, Mo, F, Al, Se, protein and
omega-3 fatty acids are among the nutrients
that affect the response to dietary B (Hunt and
Nielsen, 1981; Hunt, 1989; 1998; Nielsen et al.
1987; 1988; Hegsted et al. 1991).

Nutritional Essentiality and the Mechanism of
Action of Boron

The study of the essentiality of B in animal
nutrition was limited, until it was reported
that supplemental B to cholecalciferol-deficient
chicks tended to correct malformations in
the marrow sprouts of bone and decreased
the number of cases of rickets (Hunt and
Nielsen, 1981). In another early work (Rossi
et al. 1993) B was also shown to alleviate the
symptoms of tibial dyschondroplasia. It has
been hypothesized that B can enhance the
function of other nutrients and hormones
acting at the cell membrane level (Nielsen,
2002a). B supplementation has been shown to
affect the concentration of steroid hormones in
circulation. Nielsen et al. (1987) first reported
that B supplementation in post-menopausal
women increased the serum concentrations
of 17p-estradiol and testosterone. Naghii and
Samman (1997) found that B supplementation
increased plasma estradiol concentrations
and tended to increase plasma testosterone
concentrations in men. Thus, changes in the
status of some nutrients and hormones that act
at the cell membrane level can apparently affect
the response to various intake levels of B.

Nielsen etal. (1988a) suggested that the beneficial
effects of B on bone mineralization are related
to its parathyroid hormone regulating action,
and may have implications on bone growth and
bone strength in broiler chickens (Kurtoglu et
al. 2005; Bozkurt et al. 2012) and layer hens
(Wilson and Ruszler, 1998; Kucukyilmaz et al.
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2014). Other results have indicated that B may
affect serum thyroid concentration in chickens
and pigs (Armstrong et al. 2001; Cinar et al
2011). B plays a role in regulating the enzymatic
activity of pathways involved in energy
substrate metabolism and insulin release,
which it modifies by altering the metabolism
of Nicotinamide Adenine Dinucleotide (Hunt,
1998). Antioxidant activities of supplemental
B were also suggested. The activities of the
enzymes superoxide dismutase and glutathione
peroxidase destroy reactive oxygen species that
cause tissue damage and can be increased
by B supplementation (Nielsen, 1994; 1997).
However, the mechanism by which B affects the
activity of these enzymes is unknown.

Various findings indicate that B may interfere
with lipid metabolism in humans and animals.
Armstrong et al (2000) reported that pigs
supplemented with a 15 mg B/kg diet had
increased plasma triglyceride concentrations.
Administration of a diet with B caused an
increase in the serum triglyceride concentrations
of chickens (Hunt and Herbel, 1993) and rats
(Hunt and Herbel, 1992) during vitamin D
deficiency. The dietary administration of B to
rats significantly lowered the serum and plasma
low-density lipoprotein, total cholesterol and
triglyceride concentrations (Hall et al 1989;
Naghii and Samman, 1997). The results from
these studies indicate that boron-containing
drugs may provide a therapeutic benefit in
cases of coronary heart diseases. B has been
implicated in immune system function (Hunt
and Idso, 1999; Nielsen and Penland, 1999). It
has been reported to affect the humoral immune
response by increasing antibody production in
response to an injected antigen in rats (Bai et al
1997). A decreased inflammatory response was
reported when pigs (Armstrong et al. 2000) and
chicks were fed a diet with added B (Kurtoglu et
al. 2005).

Effect of B on Performance of Broiler Chicken

It was reported that supplementation of boron
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has a better feed conversion ratio by 1.9%
P<0.05) but did not affect the body weight
and feed consumption of chickens grown for
42 days (P>0.05) (Kucukyilmaz et al. 2017). B
supplementation at levels of 5.6 (Cinar et al
2011), 9.4 (Rossi et al. 1993), and 2.6 mg/kg
(Bozkurt et al. 2012) had no significant effect
on the body weight, feed intake, feed conversion
ratio or mortality of broiler chickens. Kurtoglu
et al. (2001) did not find any effect of dietary
boron on feed intake and feed conversion ratio
in layers up to 300 ppm. Rossi et al. (1993)
reported that the dietary supplementation
of a basal diet with 5 and 40 mg/kg boron
improved the growth of male broiler chicks
in one experiment. Similarly, Fassani et al.
(2004) indicated that supplying boron at 30,
60, 90 and 120 ppm provided linear increase in
body weight at days 21 and 42 and confirmed
a diet of 30 ppm boron exhibiting better feed
conversion and without affecting the mortality
rates in broilers.

BLOOD BIOCHEMICAL PARAMETERS

Blood Glucose

Supplementation of boron decreased the insulin
and blood glucose level in rat supplemented at
10 ppm (Cakir et al. 2017). Further Kucukkurt
et al. (2015) reported the beneficial effect of
boron in decreasing the level of blood glucose
and insulin when supplemented at 100 ppm
in rat. A decrease in glucose and insulin was
also detected (Basoglu et al. 2000) in dog
supplemented with boron.

Serum Cholesterol

Supplementation of boron at 10 ppm reduced
the total cholesterol in serum with decreased
level of LDL cholesterol and increased the
serum HDL (Cakir et al. 2017). Kucukkurt et al.
(2015) also reported the decreased level of total
cholesterol in rat supplemented with 100 ppm
of boron as borax. Researchers have argued
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that sodium borate (Na,B,0.) plays a protective
role against fatty liver disease. In another study
carried out on dogs (Basoglu et al. 2000), it was
proven that sodium borate (Na,B,0,10H20)
was effective in keeping plasma lipid levels
low. Administration of boron as sodium borate
was reported to decrease the concentrations
of total cholesterol, triglyceride, high-density
lipoprotein, low-density lipoprotein, very low
density lipoprotein, glucose, insulin, and non-
esterified fatty acids in blood (Kabu and Civelek
2012).

Serum Protein

Kabu and Civelek (2012) reported no differences
in the concentration of total protein (TP), albumin
(ALB) and globulin in cattle supplemented with
boron as sodium borate (Na,B,0,, 30 g/day).
Eren et al. (2012) suggested a decrease in the
level of total protein, albumin and globulin in
broiler supplemented with boron at a level of
500, 750 and 1000 ppm.

Serum Enzyme

Kabu and Civelek (2012) studied the effect
of sodium borate (Na,B,0, 30 g/day) orally
administrated to 12 pregnant cows on selected
hormone levels and serum metabolites. There
were no differences in concentration of blood
urea nitrogen (BUN), alanine aminotransferase
(ALT), total bilirubin, aspartate aminotransferase
(AST), and gamma-glutamyltransferase (GGT).
Eren et al (2012) suggested an increase in
the level of serum ALP, Creatine Kinase and
decreased level of AST and ALT in broiler
supplemented with 500 ppm of boron. Further,
Kucukyilmaz et al. (2017) reported an increase
in serum ALT activities in broiler supplemented
with 20 ppm boron. He did not find any effect of
boron supplementation on serum ALP activities
at the level 20 ppm.

Serum Thyroxine

Kucukyilmaz et al. (2017) did not find any
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effect of boron supplementation on serum
triiodothyronine (T3), thyroxine (T4) in poultry
bird supplemented with 20 ppm of boron.
Conversely, Kucukkurt et al. (2015) reported
an increase in plasma T3 level in rat fed a diet
supplemented with 100 ppm boron. Armstrong
et al. (2001) reported that supplementation of
boron had no effect on plasma T3 and T4 level
in gilts.

Antioxidant Effect

Several researchers suggested an improved
antioxidant protective activity of B when
supplemented in the diet. Enhanced activities
of the enzymes superoxide dismutase and
glutathione  peroxidase, responsible for
destroying reactive oxygen species and
preventing tissue damage were suggested with
supplementation of Boron (Nielsen, 1994; 1997).
Bhasker et al. (2016) reported an increasing
trend in the SOD activity due to dietary
B-supplementation in rat. Several other studies
also reported significant (P < 0.05) increase in
the erythrocytic SOD activity, total antioxidant
activity (Turkez et al. 2012) and SOD activity
in spleen (Hu et al. 2014) of rat supplemented
with boron. Other studies have also indicated
the role of dietary B in ameliorating the toxicity
induced by carbon tetrachloride (Ince et al. 2014)
and malathion (Coban et al 2015), reducing
the severity of hepatic cell carcinoma in rats
by enhancing the SOD activity in liver and
improving the antioxidant defense mechanism
under oxidative stress condition.

Boron on Micronutrient Metabolism

Boron plays a regulatory role in the metabolism
of several micronutrients, such as calcium,
phosphorus, aluminum, magnesium, and
molybdenum (Wilson and Ruszler, 1998).
The micronutrients of particular interest with
regard to bone health are magnesium, vitamin
D, phosphorus, and calcium. Supplemental
Boron observed to be positively influenced the
metabolism of these dietary substances, which
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all play a role in maintaining bone health. As
a result, boron may be nutritionally significant
in preventing osteoporosis in humans (Nielsen,
1990). The likely role of boron in maintaining
the structure and composition of bones were
also reported during magnesium deficiency,
even in condition when there was an increase
in urinary calcium loss (Nielsen, 1990).

Calcium Metabolism

Nielsen (1990) suggested that boron plays a role
in calcium metabolism, because higher dietary
levels of boron have been shown to decrease
calcium excretion and increase plasma ionized
calcium levels. There is considerable evidence
that large intakes of calcium alone do not
prevent bone loss (Gordon and Vaughan,
1986) and based on this evidence, Nielsen et
al. (1987) researched the influence of certain
nutrients on major mineral metabolism other
than calcium, vitamin D, and fluoride. He
reported supplementation of boron at 3 mg/
day significantly lowered urinary calcium
and magnesium excretion in postmenopausal
women and the differences in excretion were
more marked in the women fed inadequate levels
of magnesium than in the women fed adequate
levels of magnesium. Results indicated that
magnesium status significantly influences the
action of dietary boron, and that dietary boron
caused changes, which favor an increase in
plasma calcium levels and bone mineralization
(Nielsen et al. 1987).

Magnesium Metabolism

Hunt and Nielsen, (1986) studied magnesium-
deficient chicks and found that supplemental
boron decreased the level of abnormalities
caused by inadequate magnesium intake.
Subsequent boron supplementation enhanced
growth and increased plasma calcium and
magnesium concentrations, as well as inhibited
the calcification of cartilage (Hunt, 1989).
Nielsen et al. (1988b) found that in magnesium-
deficient rats, inadequate dietary boron led
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to more severe symptoms of magnesium
deficiency, and signs of boron deprivation were
of greater significance when the diet was low in
both magnesium and methionine (Nielsen et al.
1988D).

Vitamin D Metabolism

Hunt and Nielsen (1981) found a possible
interaction between boron and vitamin D
in chicks. When vitamin D-deficient chicks
consumed basal diets containing 1 to 3 mg/kg
boron, significantly enhanced growth by 38%,
increased plasmaionized calcium concentration,
lowered plasma alkaline phosphatase levels,
and decreased the number of rickets cases
(Hunt and Nielsen, 1981). This study found
that boron deprivation depressed growth; the
effect was most evident when vitamin D intake
was low (Hunt and Nielsen, 1981). When chicks
were fed adequate levels of vitamin D, boron
supplementation improved growth rate by 11%
(Hunt and Nielsen, 1981). Hunt and Nielsen
(1986) suggested an indirect effect of boron on
vitamin D metabolism through an alteration
in calcium, phosphorus, or magnesium
metabolism.

Hunt et al (1994) studied day-old cockerel
chicks and found that dietary boron decreased
the adverse effects of vitamin D deficiency,
which included increased plasma glucose,
triglyceride, and cholesterol levels. Chicks fed
inadequate vitamin D for 26 days displayed
decreased food utilization and plasma calcium
levels, as well as increased plasma glucose, beta-
hydroxybutyrate, triglyceride, triiodothyronine,
cholesterol, and plasma alkaline phosphatase
concentrations. Boron supplementation at
physiological amounts also increased food
utilization and growth plate maturation in all
chicks. In chicks fed adequate vitamin D, the
incidence of rachitic long bones was greater in
boron-deficient chicks compared with boron-
supplemented chicks (Hunt et al. 1994). Thus,
it appears that boron plays a significant role
in normalizing the disturbed energy substrate
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utilization caused by vitamin D deficiency, as
well as improving the macro mineral content of
bone (Hunt et al. 1994). Boron supplementation
of 3 mg/kg as boric acid tended to increase
weight gain in chicks fed insufficient vitamin D
(110 IU/ kg) for 16 days (Elliot and Edwards.,
1992). Supplementation also tended to
decrease weight gain in chicks fed adequate
vitamin D (1100 IU/kg) for 16 days (Elliot
and Edwards, 1992). Food consumption was
not affected by these dietary modifications
(Elliot and Edwards., 1992). Hunt and Nielsen
(1986) also studied the outcomes of boron,
magnesium, and molybdenum interactions on
bone structure in vitamin D-deficient chicks.
Day-old chicks were fed a basal diet of 125 IU of
vitamin D (inadequate), 0.420 pg molybdenum/
kg, 0.465 g boron/kg, and calcium: phosphorus
ratio of 1:0.56. Supplementation included boric
acid at 0 or 3 mg/kg, magnesium acetate at
300 (inadequate) or 500 mg/kg (adequate), and
ammonium molybdate at O or 20 mg/kg. After 28
days, dietary boron increased growth in chicks
fed inadequate magnesium. These findings
indicated a boron-vitamin D interaction, and
led to the hypothesis that boron may play a role
in either hydroxylating or extending the half-life
of vitamin D3, based on its ability to complex
with hydroxyl groups of organic compounds
(Hunt and Nielsen, 1986). This role would most
likely affect bone metabolism and improve bone
strength.

The Effect of Boron on the Mineral Composition of
Bone

B has an important biological role that
affects the mineral metabolism of human and
animals by interacting with Ca, Mg, Mn, Mo,
K, Cu and vitamin D3. All of these nutrients
are important in bone metabolism (Nielsen,
1990; Elliot and Edwards, 1992; Hunt et al.
1994; 1997). The impact of dietary B intake
on bone abnormalities such as arthritis and
osteoporosis has also been observed (Nielsen et
al. 1987; Travers et al. 1990; Newnham, 1994;
Bai and Hunt, 1995). This indicates that B can
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play a vital role in bone development. Mineral
composition and ash are the main criteria used
for assessing bone density. The bones provide
structural support and act as a reservoir for
minerals (Mutus et al. 2006). Ca and P levels
may increase in response to B supplementation,
and consequently, the ash level in bones can be
assumed to be indicative of the regulatory role
of B supplementation on bone mineralization,
although in practice this effect can vary.

The effects of dietary B on the bone mineral
composition in broilers and layer hens have
been investigated by several researchers. Elliot
and Edwards (1992) reported that dietary
supplementation of poultry with 9.5 mg/kg
of B for a period of 1 to 16 days may improve
bone ash. A similar tendency was observed in
chicks fed 300 mg/kg B for 21 days (Rossi et
al. 1993). Similarly, Qin and Klandorf (1991)
showed in three experiments that the addition
100 mg B/kg of diet increased the bone ash
of broiler breeder hens. Supplementation
with 50, 100 and 200 mg/kg B during a 16-
week growth period increased tibial bone ash
in layer pullets, with the greatest increase was
observed with supplementation of 50 mg/kg
(Wilson and Ruszler, 1997). Likewise, Kurtoglu
et al. (20095) reported significant increase in the
tibial Ca levels, but not ash levels, in broilers
supplemented with B.

In this study, B supplementation at 5 and 25
mg/kg reduced the bone Zn concentration
and produced a one-fold increase in the bone
B concentration but caused no changes in Cu
and Fe. Significant increases in the tibia B, Cu
and Zn concentrations were observed when
60, 120 and 240 mg/kg of B were added to
the laying hen diet; however, the Ca, Mg and
P levels remained unchanged (Olgun et al
2012). Negative effects of B supplementation
have been observed in other studies on broiler
chickens (Fassani et al. 2004) and layer hens
(Wilson and Ruszler, 1998; Mizrak, 2008;
Mizrak et al. 2010; Bintas, 2013) whereby there
was no change in the Ca or P levels of ash in
the femur or tibia in association with dietary B
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supplementation ranging from 30 to 150 mg/
kg diet. If B was exerting a specific effect, one
would predict there to be some consistent effect
on the blood serum mineral profile. However, B
either had no effect or inconsistent effects on
the concentration of Ca, P, Mg, Fe, Cu and Zn
under normal physiological states (Kurtoglu et
al. 2002; Cinar et al. 2011; Bozkurt et al. 2012;
Olgun et al. 2012; Kucukyilmaz et al. 2014).

Effect on Arthritis

Since boron can complex with hydroxyl groups
of organic compounds, it form corticosteroids,
and thus alleviate symptoms of rheumatoid
arthritis (Nielsen, 1988). In some parts of
Australia where water and soil levels of boron
are high; half the cases of musculoskeletal
diseases have been reported when compared
with areas containing lower boron levels in
water and soil (Newnham, 1991). A comparison
indicated that the occurrence of arthritis is
negatively correlated with the level of boron in
the soil, and subsequently in the food supply
(Newnham, 1991). In addition, arthritic bones
are found to contain less boron than healthy
bones. It is possible that boron helps alleviate
arthritis by restricting T-cell activity and
modifying the levels of serum antibodies (Hunt,
1998).

Interactions of B with Other Minerals in the Diet

Comparison of all published data suggests that
B might interact with the metabolism of macro
minerals Ca, P and Mg (Hunt, 1989; Hunt et
al. 1994). Studies with broiler chickens have
shown that dietary modifications in the Ca and
P levels occasionally influence the action of B.
Significant interactions in the dietary Ca-P with
supplemental B levels for bone ash, Ca and P
levels were reported by Bozkurt et al. (2012). B
did not increase the tibia Ca and P levels but
decreased their faecal excretion when the chicks
were fed a Ca-P deficient diet with 30 mg/kg B.
In a study by Elliot and Edwards (1992), broiler
chickens were fed different concentrations of B
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(0, 5, 10, 20, 40 and 80 mg/kg diet) and two
concentrations of Ca (0.65 and 0.90%). The
experiment consisted of six trials, each lasting
for 21 days. From these experiments, there was
no indication that an interaction between B and
calcium existed in cockerels.

It may be that the lower a bird’s intake of Ca
and P, the more deficient it becomes in these
macro minerals and the more positive the effect
of B on the absorption and utilization of Ca and
P. Another hypothesis to explain the increase in
bodily organs and bones may be a reaction of the
borate anion with the molybdate assay, which
may result an apparent increase in P (Armstrong
and Spears, 2001). Conversely, experiments
with B supplementation or deprivation have
shown that birds had markedly improved bone
mineral composition when cholecalciferol or Mg
was deficient. Kurtoglu et al. (2005) studied the
effects of 5 and 25 mg/kg B supplementation
in diets with inadequate (6.25 mg/kg) or
adequate (50 mg/kg) cholecalciferol content
on characteristics of the tibia of 45 day old
chicks. B supplementation affected the tibial
B, Zn and Ca concentrations but did not have
any effect on the tibial Fe or Cu concentrations
or the tibia ash. The authors argued that B
might be beneficial when the chicks were fed a
diet inadequate in vitamin D3. This appears to
support the hypothesis by Nielsen (1990) that
B may have a pronounced influence on mineral
metabolism only when animals are subjected to
nutritional or other stresses.

CONCLUSION

Boron compounds have been shown to exert
potent anti-osteoporotic, anti-inflammatory,
hypolipemic or hyperlipemic, anticoagulant,
antioxidant, and antineoplastic effects. Other
than this boron supplementation has effects
on bone mineralization, mineral and energy
metabolism, enzyme and hormone activities
as well as effect on feed conversion ratio and
body growth rate. So boron seems to make
positive contributions to the overall health and
productive performance of livestock.
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