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ABSTRACT

An experiment was conducted to study the effect of dietary boron supplementation on performance and mineral 
metabolism in broilers fed a diet with optimal or sub-optimal levels of calcium. A total of 216 one-day old broiler 
chicks (Vencob) of mixed sex (mean BW 43.79±0.83 g) were distributed in completely randomized design into six 
treatments each with three replicates of 12 birds (6 of each sex). The six dietary treatment groups comprised of B0C0 
(basal diet with normal calcium (10 g Ca/kg)), B0C1 (Basal diet of 20% calcium deficiency (8 g Ca/kg)), B0C2 (Basal 
diet of 40% calcium deficiency (6 g Ca/kg)), B1C0 (Basal diet with normal calcium + 25 mg/kg boron), B1C1 (Basal 
diet of 20% calcium deficiency + 25 mg/kg boron) and B1C2 (Basal diet of 40% calcium deficiency + 25 mg/kg  
boron). The performance indices like body weight (BW), weekly body weight gain, feed intake (FI) and feed 
conversion ratio (FCR) were recorded till 42 d of age. A metabolism trial was conducted at the end to determine the 
balance of minerals. Lower than the recommended level of calcium alone or with supplemental boron significantly 
increased the BW, feed intake, and FCR in commercial broilers at six weeks of age. Low dietary calcium significantly 
increased the retention of calcium, phosphorous, magnesium, iron and manganese. Dietary boron supplementation 
significantly increased the excreta concentration of iron and manganese. However, the absolute and relative retention 
of manganese and iron were unaffected when boron was supplemented into a low calcium diet; indicating the 
negative effect of boron on manganese, and iron metabolism can be compensated by low dietary Ca concentration.
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Bioactive role of boron (B) influencing the metabolism of 
various minerals, vitamins and hormones has been studied 
(Devirian and Volpe 2003) but the essentiality of B as a 
trace element in animal production is still awaiting (NRC 
1994). Dietary B intake has been reported to improve the 
skeletal calcium deposit in rats (Neilsen 2004) and poultry 
birds (Mizrak et al. 2010, Cufadar et al. 2011, Bozkurt et 
al. 2012) as well as improved the bone breaking strength 
in rats (Naghii et al. 2006), rabbits (Hakki et al.2013) 
and poultry birds (Fassani et al. 2004, Mizrak et al. 2010, 
Cufadar et al. 2011). One of our earlier study revealed 
that supplementation of B at 25 mg/kg diet improved gain 
in body weight, feed intake and reduced FCR in broilers 
(Pradhan et al. 2020). B plays a role in either hydroxylating 
or extending the half-life of vitamin D3, which in turn 
would most likely enhances the metabolism of calcium 
and phosphorus and their content of normal bone (Hunt 
et al. 1994) and the interaction among boron, calcium 
and phosphorous on the skeletal development has been 

reported in gilts (Armstrong et al. 2000, Armstrong and 
Spears 2001) and suggested that supplementation with 
boron could improve the bioavailability of calcium and 
phosphorous. Further, boron deficiency caused insufficient 
growth and abnormal bone development in animals (Naghii 
1999). Conversely, excess calcium intake has been shown 
to reduce growth, feed efficiency in poultry and necessitates 
higher than the normal levels of the other required minerals 
in the diet (Shafey 1993). Recommended or excess levels 
of Ca (Balla et al.1984, 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. A wider Ca: P ratio is also 
known to disrupt Mn metabolism causing a high incidence 
and severity of leg problems and associated bone disorders 
in broiler chicken (Smith and Kabaija 1985). It has also 
been reported that dietary calcium level is a major factor 
found to inhibit the absorption of intestinal iron (Cook et 
al. 1991, Hallberg et al.1991, 1992; Deehr et al.1990) and a 
dose-response effect of Ca on iron absorption was reported 
in human (Hallberg et al. 1991). In view of these facts 
and based on our earlier report (Pradhan et al. 2020), this 
experiment was conducted to study the effect of dietary B 
supplementation on performance and mineral metabolism 
in broilers fed a diet with optimal or sub-optimal levels of 
calcium.
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MATERIALS AND METHODS

Housing of birds: A total of 216 one-day old broiler 
chicks (Vencob) of mixed sex (mean BW 43.79±0.83 g) 
were used for this experiment. At arrival, the chicks were 
weighed and randomly allotted to 18 floor pens, each 
representing a replication. Birds were vaccinated against 
infectious bursal disease virus (GUMBORO I+, Haster 
Biosciences Limited, Mehsana, India) and Newcastle 
disease virus (LaSota Strain, Venkateshwara Hatcheries 
Pvt. Ltd, Pune, India) via drinking water at 10 and 14 d of 
age, respectively. Each replica was supplied with a floor 
space of 1.5 m2 (1.5×1.0 m) along with the provision of 
hanging feeder and waterer. Birds were reared in pens 
provided with litter material (rice husk and saw dust) 
to a depth of 5-6 cm. The house was well ventilated 
with adjustable windows and every effort was made to 
reproduce the commercial condition as much as possible. 
The room temperature was maintained at 33±1°C up to 7 d 
and gradually decreased to 26±1°C by 21 d. Thereafter, the 
birds were kept at room temperature up to 6 weeks of age.

Experimental design and diets: The experiment was 
conducted in completely randomize design with six 
treatments, each comprised of three replications. The basal 
diet was a corn-rice-soya based diet formulated to meet 
or exceed the nutrient requirement of broiler (NRC 1994) 
except calcium. The dietary Ca concentration was varied by 
adjusting the ingredient composition of maize, vegetable 
oil, corn starch and lime stone powder (Table 1). The birds 

were offered starter (1 to 21 days) and finisher (22 to 42 
days) diet in mash form. The six dietary treatment groups 
were comprised of B0C0 (basal diet with normal calcium 
(10 g Ca/kg)), B0C1 (Basal diet of 20% calcium deficiency 
(8 g Ca/kg)), B0C2 (Basal diet of 40% calcium deficiency 
(6 g Ca/kg)), B1C0 (Basal diet with normal calcium + 25 
mg/kg boron), B1C1 (Basal diet of 20% calcium deficiency 
+ 25 mg/kg boron) and B1C2 (Basal diet of 40% calcium 
deficiency + 25 mg/kg boron). The formulated diets were 
analyzed for their nutrient composition (Table 2). Boric 
acid (Loba Chemie Pvt. Ltd, Mumbai, India) with 17.48 %  
of elemental boron was used as a source of boron. The 
calculated amount of boric acid (0.143 g/Kg diet) was 
mixed with the experimental diets as a premix prior to 
feeding the birds. 

Broiler performances: Chickens were weighed 
replication wise at weekly intervals to determine the live 
body weight (BW). Body weight gain (BWG) for different 
weeks was determined as the difference between the initial 
and final body weight. Feed intake (FI) was calculated on 
weekly basis by subtracting the leftover feed at the end of 
the week from the cumulative feed offered for the whole 
week. The feed conversion ratio (FCR) was calculated 
as the ratio of FI to BWG (g feed intake/g gain in body 
weight). Mortality was recorded daily and dead birds were 
weighed, and the FCR values was calculated by dividing 
the total FI by BWG of live plus dead birds. 

Metabolism trial: A metabolism trial was conducted 
during 36 to 40 days of the experimental period.  Four birds 

Table 1. Ingredients composition of the diets fed to broiler chicken (g/kg)

Ingredient Starter Finisher
Control 0.8% Ca 0.6% Ca Control 0.8% Ca 0.6% Ca

Maize 525 528 528 545 549 549
Soya DOC 45% 364 364 364 311 311 311
Rice polish 36.10 36.10 36.10 56.70 56.70 56.00
Vegetable oil 35.25 30.00 26.25 46.30 41.50 37
Corn starch 3.15 9.65 19.25 4.70 9.75 20
Salt 2.00 2.00 2.00 2.00 2.00 2
Sodium bi-carbonate 1.20 1.20 1.20 1.20 1.200 1.2
Dicalcium phosphate 9.00 9.00 9.00 9.00 9.00 9
LSP-Powder 13.50 9.25 3.40 13.50 9.25 3.50
Enzyme Nutrikem XL Pro 0.30 0.30 0.30 0.30 0.30 0.30
DL-Methionine 2.30 2.30 2.30 2.00 2.00 2.00
L-Lysine HCL 1.40 1.40 1.40 1.50 1.50 1.50
L-Threonine 0.30 0.30 0.30 0.30 0.30 0.30
Vitamin premix 2.00 2.00 2.00 2.00 2.00 2.00
Trace mineral mixture 1.00 1.00 1.00 1.00 1.00 1.00
Toxin binder 1.00 1.00 1.00 1.00 1.00 1.00
Choline chloride, 60% 0.50 0.50 0.50 0.50 0.50 0.50
Acidifier 1.00 1.00 1.00 1.00 1.00 1.00
Liver tonic hepatocare 1.00 1.00 1.00 1.00 1.00 1.00

aProvides per kg of diet: trans-retinol 12000 IU; cholecalciferol 1500 IU; α-tocopherol acetate 75 mg; Vitamin K3 5 mg; Vitamin 
B1 3 mg; Vitamin B2 6 mg; Vitamin B6 5 mg; Vitamin B12 0.03 mg; nicotinamide 40 mg; pantothenic acid 10 mg; folic acid 0.75 mg; 
D-biotin 0.075 mg; choline 375 mg. bContained (per kg) Manganese 40 g; Iron 40 g; Zinc 60 g; Copper 5 g; Cobalt 0.2 g (all as sulfate 
salt); Iodine 0.5 g (as potassium iodide); Selenium 0.15 g (as sodium selenite). cAcidifier contains (per kg) ortho-phosphoric acid  
(400 g), formic acid (150 g), propionic acid (15 g), and calcium propionate (15 g) mixed with a carrier.
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per replica close to the mean body weight were selected and 
transferred to the metabolic cages, and kept for 5 days with 
2 days adaptation and 3 days collection period. During the 
metabolism trial, the quantitative measurement of the feed 
offered and that of the residues left were recorded replica 
wise. The excreta were removed at every 2 h interval and 
put in self-zipped polyethylene sachets and the total amount 
of excreta obtained in a 24 hours period was weighed, 
manually mixed and a subsample (1/20th) was kept daily 
in a hot air oven at 80°C for 18 h to determine the dry 
matter and total ash (AOAC 2000). Excretion and apparent 
absorption of calcium, phosphorus, magnesium, copper, 
iron, manganese, zinc and boron during the metabolism 
trial were determined. Approximately 2 g of oven dried 
feed and excreta sample was ignited in quartz crucible at 
550°C for 4 h. The cooled sample was treated with 3N nitric 
acid and boiled for 10 min under cover. The treated sample 
was filtered into a 50 mL volumetric flask and diluted up to 
the mark with deionized water (obtained from a Milipore 
Water Purification System, Elix 3, Mosheim, France). The 
concentration of said minerals in feed and excreta were 
determined using the Microwave Plasma Atomic Emission 
Spectrometer (MP-AES) (MP-AES, Agilent, Santa Clara, 
California, USA) with operating conditions as suggested 
by the manufacturer. Apparent retention coefficient was 
calculated as 

[Element × feed intake - trace element × excreta]
Element × feed intake × 100

Statistical analysis: Data generated in the study were 
analyzed using the SPSS v. 20.0 (SPSS Inc., Chicago, 
USA) by one-way ANOVA and comparison of means was 
tested using Duncan’s multiple range tests (Duncan 1955). 
The effects were considered to be significant at P<0.05.

RESULTS AND DISCUSSION

Lower than the recommended level of calcium 

significantly increased (P<0.05) the BW, feed intake, and 
FCR in commercial broilers at six weeks of age (Table 3). 
The effects of high calcium can be largely explained by its 
effects on intestinal pH and reducing the soluble fraction of 
minerals, and the proportion of minerals in small complexes 
leads to their reduced bioavailability (Shafey 1993). The 
growth depression of chickens fed on diets high in calcium 
may be partly caused by the decreased availability of other 
minerals needed for growth.

Tamim and Angel (2003) conducted an experiment with 
1, 4 and 9 g of calcium/ kg diet and reported the regulatory 
effect of high dietary calcium on intestinal pH affecting the 
digestibility of nutrients in broilers. Similar findings were 
also reported by Tamim et al. (2004) who experimented 
with Ca levels equivalent to 0, 0.1, 0.2, 0.4, 0.7, or 0.9% 
of the diet. It has been reported that high dietary calcium 
regulates the bird’s appetite and feed intake by regulating 
the blood ionic calcium level (Lobaugh et al.1981). Rama 
Rao et al. (2006) reported that increasing dietary calcium 
concentration from 6 to 9 g/kg between 22 to 42 days affect 
the growth in broilers. In another study, Rama Rao et al. 
(2003) predicted the requirements of calcium for maximum 
weight gain in broiler chicken was 7.56 g/kg diet. The 
results of our study on performance indices agree with 
Letourneau-Montminy et al. (2008) which suggested an 
enhanced feed intake and growth rate in broilers fed a diet 
with 5.3 g Ca/kg as compared to 8.3 g Ca/kg diet. Similar 
results were reported by Lim et al. (2003) in layers fed a 
diet with two levels (3% and 4%) calcium. Wilkinson et 
al. (2014) also reported a decreasing trend for BW gain in 
broilers fed a diet with 5 and 10 g Ca/kg diet. The negative 
effects of excess dietary calcium on growth and feed 
efficiency (Shafey 1993) were also reported in growing 
chickens. 

Further, supplementation of boron at 25 mg/kg improved 
the performances of commercial broilers irrespective 

Table 2. Chemical composition of experimental feeds

Starter Finisher
Analyzed nutrients (%) Control 0.8% Ca 0.6% Ca Control 0.8% Ca 0.6% Ca
Dry matter 90.22 89.34 89.4 90.3 90.11 90.18
Organic matter 93.75 93.92 94.11 94.23 94.41 94.57
Crude protein 21.86 21.94 22.03 19.94 19.98 20.06
Ether extract 5.87 5.40 5.08 7.89 7.54 7.21
Crude fibre 4.51 4.51 4.513 4.37 4.41 4.46
Total ash 6.25 6.08 5.89 5.77 5.59 5.43
Nitrogen free extract 61.51 62.06 62.48 62.03 62.48 62.84
Mineral composition
Ca (%) 0.98 0.81 0.62 0.97 0.79 0.61
Available P (%) 0.46 0.45 0.461 0.42 0.43 0.43
Mg (%) 0.17 0.17 0.16 0.18 0.17 0.16
Mn (mg/kg) 50.56 53.12 56.26 52.87 54.23 51.61
Cu (mg/kg) 12.10 13.26 15.14 11.26 11.64 12.57
Zn (mg/kg) 82.59 78.59 84.65 80.43 82.21 80.59
Fe (mg/kg) 205.14 199.54 207.56 201.58 207.26 205.84
Boron (mg/kg) 2.02 1.97 1.68 1.96 1.98 2.03
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of dietary calcium level (Table 3). Supplemental boron 
promote intestinal mucosal immunity, intestinal cell 
proliferation and inhibit apoptosis (Sun et al. 2016); an 
indication of better gut health leads to better digestion and 
absorption of nutrients (Van der Aar et al. 2017) and could 
be the reason behind increased feed intake in the present 
study. Supplementation of boron up to 40 (Rossi et al.1993) 
and 120 ppm (Fassani et al.2004) into the broiler basal diet 
improved the BW at 21 and 42 days of age, respectively. 
Bozkurt et al. (2012) also reported that up to 60 ppm boron 
supplementation tend to increase feed intake in broiler 
chicken during 42 days of rearing. In the present study, 
significantly better performances of broilers supplemented 
with boron into calcium deficient diets over a calcium 
adequate diet might be explained by the synergistic and/or 
additive effect of boron and dietary calcium concentration.

Calcium and phosphorous retention were significantly 
higher (P<0.05) with decreased dietary calcium 
concentration. Dietary level of calcium influenced its 
retention and excreta concentration was reported in several 
studies (Rama Rao et al. 2006, Dawson-Hughes et al. 1988). 
Wider Ca: P ratio has been reported to negatively influence 
the utilization of both Ca and P and a positive impact on 
retention of either could be achieved through narrower 
ratios (Mohammed et al. 1991, Qian et al. 1997, Tamim 
et al. 2004, Santos et al. 2008). The inter-relationship that 
exists between dietary Ca and P concentrations in poultry 
nutrition and metabolism has been reported (Suttle 2010) 
and the negative effects of high dietary Ca on P absorption 
were well documented (Young et al. 1966, Kaup et al. 1990, 
Liu et al. 2000). In the present study, the Ca: non phytate 
P ratio of 1.3:1 and 1.7:1 imparted a higher P absorption 
than the recommended level of 2.2:1 (NRC 1994). Boron 
supplementation enhanced the retention of calcium and 
phosphorous with subsequent reduction in their excreta 
concentration. It has been reported that boron increased 
the serum vitamin D3 level by suppressing the activity of 
microsomal enzyme 24-hydroxylase, primarily responsible 
for vitamin D3 catabolism (Hunt 1994, Miljkovic et al. 
2009). Bozkurt et al. (2012) reported a decrease in fecal 
excretion of calcium and phosphorus in broiler chicks fed 
a Ca-P deficient diet supplemented with 30 mg/kg boron. 
Rama Rao et al. (2007) reported that supplementation 
of vitamin D3 significantly decreased (P<0.01) the fecal 
calcium excretion in broiler fed a calcium deficient diet. In 
the present study, we did not measure the serum vitamin D  
level but assumed that the beneficial effect of boron on 

calcium absorption may be due to its regulatory effect on 
vitamin D. Supplementation of boron at 25 mg/kg diet 
significantly increased (P<0.05) the retention of P than the 
non-supplemented Ca adequate diet indicates that boron 
positively interacted with absorption of P which might 
be due to up-regulatory impact of boron on function of 
vitamin D (Miljkovic et al. 2004). 

Low dietary calcium increased (P<0.05) the retention 
of magnesium, iron and manganese. Supplementation of 
boron significantly increased the excreta concentration of 
iron and manganese. However, the antagonistic effect of 
boron on iron absorption could be restored by low dietary 
Ca concentration. Manganese retention was significantly 
increased (P<0.01) at 8 g of Ca /kg diet but not at 6 g of Ca /kg  
diet. Supplementation of boron decreased the absorption 
of Mn. However, the absolute and relative retention of 
Mn was unaffected when boron was supplemented into a 
low calcium diet (Table 4). Adverse effect of high dietary 
calcium on the metabolism of magnesium was confirmed 
by several researchers (Nicar and Pak 1982, Whiting and 
Wood 1997, Kronqvist et al. 2011). It has also been proposed 
that a dietary calcium: magnesium molar ratio greater than 
3.5 may pose a risk for inducing magnesium deficiency 
(Seelig 1994). Dietary calcium concentration has been 
found to inhibit the absorption of both heme and non-heme 
iron (Cook et al. 1991, Hallberg et al. 1991, 1992; Deehr et 
al. 1990) and there is a dose-response effect of Ca on iron 
absorption in which adding as little as 300 mg calcium can 
exert maximal inhibition of iron absorption (Hallberg et al. 
1991). Lim et al. (2003) reported a decreased retention of 
iron in layer fed a diet with 4% calcium.  Similarly, Rama 
Rao et al. (2006) reported an increased fecal excretion of 
iron by increasing the dietary calcium concentration from 
6 to 9g/kg in broilers.  In agreement to the above studies, 
significantly increased (P<0.01) retention and decreased 
(P<0.01) excreta concentration of iron was observed with 
reduced level of dietary Ca concentration (10g/kg to 6g/
kg diet) observed in this experiment. Supplementation 
of boron decreased the absorption of iron in the present 
study agrees with Kucukyilmaz et al. (2017), who reported 
that supplementing 20 mg/kg boron in the diet increased 
the excreta iron concentration. However, the absolute and 
relative retention of iron in the boron supplemented Ca 
deficient diets groups were comparable with normal diet 
without boron supplementation indicating the antagonistic 
effect of boron on iron might be restored by low dietary Ca 
concentration. 

Table 3. Effects of boron supplementation on performances of broiler chickens fed with calcium deficient diets

Parameter Treatment
B0C0 B0C1 B0C2 B1C0 B1C1 B1C2 SEM P value

Body weight (g) 1902d 1964bc 1953c 1959bc 2008a 1992ab 10.68 0.001
Gain in body weight (g) 1858d 1920bc 1909c 1915bc 1964a 1948ab 8.69 0.001
Feed intake (g) 3415c 3504ab 3488b 3485b 3560a 3537ab 17.83 0.002
FCR 1.838a 1.825bc 1.827b 1.820bcd 1.812d 1.816cd 0.003 0.001

abcdMean with different superscript in a row differ significantly.
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Table 4. Effects of boron supplementation on mineral composition of excreta in broiler chickens fed with calcium deficient diets

Mineral Treatment
B0C0 B0C1 B0C2 B1C0 B1C1 B1C2 SEM P value

Calcium 
% Retention 36.05c±0.95 40.82b±1015 42.53ab±0.77 43.00ab±0.68 45.10a±1.92 45.12a±0.69 1.11 0.001
% in excreta 2.43a±0.06 1.91c±0.02 1.40d±0.01 2.18b±0.02 1.82c±0.08 1.36d±0.03 0.04 0.001
Phosphorus 
% Retention 27.77c±1.37 33.65b±1.66 35.18ab±1.17 35.59ab±0.92 38.48a±2.12 38.18ab±0.91 1.42 0.002
% in excreta 1.19a±0.01 1.03b±0.02 1.04b±0.03 1.06b±0.02 1.09b±0.01 1.09b±0.01 0.02 0.001
Magnesium
% Retention 53.99c±2.56 58.29ab±0.61 60.52a±0.86 54.47bc±0.59 59.28a±1.21 58.63ab±0.87 1.301 0.019
% in excreta 0.32a±0.02 0.29ab±0.003 0.26b±0.01 0.32a±0.003 0.29ab±0.02 0.28b±0.01 0.010 0.008
Manganese
% Retention 38.59ab±4.01 41.54a±2.10 34.97abc±1.59 28.72c±1.98 33.57bc±2.23 29.88c±1.13 2.347 0.016
Excreta (µg/g) 0.127cd±0.007 0.125d±0.002 0.137bc±0.003 0.148ab±0.003 0.146ab±0.002 0.150a±0.002 0.004 0.001
Copper 
% Retention 45.56±3.14 43.86±1.52 47.10±1.72 47.32±4.67 47.67±4.00 46.12±3.69 3.33 0.967
Excreta (µg/g) 0.024±0.002 0.027±0.001 0.027±0.001 0.023±0.002 0.025±0.002 0.027±0.002 0.002 0.477
Zinc
% Retention 46.76±1.60 48.91±1.19 47.88±2.24 46.53±1.08 52.64±3.50 49.07±1.12 2.02 0.358
Excreta (µg/g) 0.17±0.003 0.17±0.005 0.17±0.007 0.17±0.004 0.16±0.006 0.17±0.004 0.005 0.823
Iron
% Retention 35.66b±0.96 43.97a±0.85 43.50a±1.33 28.23c±1.32 32.55bc±1.45 31.31bc±1.34 1.11 0.001
Excreta (µg/g) 0.51b±0.01 0.47c±0.01 0.46c±0.01 0.57a±0.01 0.58a±0.01 0.57a±0.01 0.01 0.001
Boron
% Retention 49.92a±1.78 47.55a±1.72 47.85a±1.59 33.69b±1.96 35.11b±4.30 34.74b±2.45 2.47 0.001
Excreta (µg/g) 0.0038b±0.00 0.0042b±0.00 0.0042b±0.00 0.0683a±0.002 0.0706a±0.006 0.0692a±0.002 0.0026 0.001

*Basal diet (B0C0); Basal diet with 20% calcium deficiency (B0C1); Basal diet with 40% calcium deficiency (B0C2); Basal diet with 
supplemental boron @ 25 mg/kg (B1C0); Basal diet with 20% calcium deficiency with supplemental boron @ 25 mg/kg (B1C1); Basal 
diet with 40% calcium deficiency with supplemental boron @ 25 mg/kg (B1C2). 

abcdMean with different superscript in a row differ 
significantly; SEM, standard error of mean. 

In the present study, a significant increase (P<0.01) 
in retention of Mn was observed in the dietary group 
with 8 mg of Ca/kg diet but not with 6 mg of Ca/kg diet. 
Schoulten et al. (2002) reported that increasing the dietary 
Ca level decreases absorption of manganese. On the 
other hand, Sebastian et al. (1996) found no effect on the 
relative retention of Mn in 1-21week-old broiler chickens 
when dietary Ca was increased from 6 to 12.5 g/kg. The 
contradictory results may be due to the source and form of 
manganese (Li et al. 2005). They suggested that organic 
source of Mn with moderate or strong chelating strength 
could partially or completely resist the antagonistic effect of 
increased dietary calcium. The reduced retention of Mn at 
0.6 % dietary Ca may be due to decrease in Ca: P ratio in the 
diet. Scott et al. (1976) reported that with narrower calcium 
and phosphorous ratio, P forms a flocculent precipitate 
of calcium phosphate in the alkaline duodenum and this 
precipitate may form an un-absorbable complex with 
manganese, creating an apparent manganese deficiency. 
Supplementation of boron decreased the absorption of Mn 
in the present study is in line with the findings of Bhasker 
et al. (2016) who reported a negative interaction of boron 
with manganese and observed a significantly (P<0.01) 
lowered level of manganese in the serum of rat fed a diet 

supplemented with graded levels of boron at 5-40 mg/kg 
diet.  However, the absolute and relative retention of Mn 
in the boron supplemented Ca deficient dietary treatment 
groups were comparable with that of group with normal 
diet without boron supplementation indicating the negative 
effect of boron can be compensated by low dietary Ca 
concentration. Dietary calcium concentration has no effect 
on the excreta concentration of Zn which is in corroboration 
with Rama Rao et al. (2006) who reported that the Zn 
concentration in excreta was not affected by the variation 
in dietary Ca level. About 85-90% of ingested boric acid 
is rapidly absorbed across the gastrointestinal epithelia 
and excreted mostly in urine shortly after ingestion in 
humans and animals (Hunt et al. 1997, Sutherland et al. 
1998). Supplementation of boron enhanced the excreta 
boron concentration suggesting that the boron is under 
homeostatic control (Vaziri et al. 2001).

The outstanding overall performances of broilers fed on 
a diet with either 20 or 40 % Ca deficiency as compared to 
adequate Ca suggest that the level of Ca in the broiler diet 
should likely be much lower than current recommendation. 
Boron has an adverse effect on the retention of iron and 
manganese but diet with lower level of Ca increase the 
retention of iron and manganese indicating the negative 
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impact of boron on these minerals can be overcome by a 
low Ca diet. Therefore, it can be concluded that diet with 
40% Ca deficiency with 25 mg/kg boron supplementation 
impart a better performance in broiler without much 
affecting the metabolism which suggest that 0.6 g Ca/kg 
diet with supplemental boron at 25 mg/kg is optimum in 
broilers for better performances. 
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