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ABSTRACT

The balance determination is one of the best methods to evaluate calcium 

sources bioavailability. The purpose of the paper is to evaluate comparatively 

the effect of two calcium sources (calcium carbonate and calcium fructoborate) 

on calcium balance in weaned piglets, starting from the hypothesis that boron 

might improve calcium absorption. For 35 days we conducted a feeding 

experiment on weaned piglets (4 piglets per group) with an average initial 

weight of 15.5 ± 0.8 kg. The diets of both groups were based on corn and 

soybean meal and differed in the source of calcium: calcium carbonate for the 

control group (C) and calcium fructoborate for the experimental group (E).

The mineral balance determinations showed the following values of the 

coefficients of apparent Ca absorption: 77.26 ± 1.09 for the control group, and 

73.15 ± 4.65 for the experimental group; the difference between groups not 

being significant. Good correlations were observed between the ingested and 

eliminated Ca (R

2

 = 0.81 for group C and R

2

 = 0.71 for group E). Both groups 

displayed negative correlations for the correlations between the eliminated 

calcium and the absorption coefficients. The experimental data shows that the 

calcium fructoborate can be an alternative source of calcium but its 

administration didn’t improve Ca absorption in the organism compared to the 

calcium carbonate. The experiment was conducted within CEEX project 110-

NUTRIMINEROS.
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INTRODUCTION

The relation between the dietary Ca and the emergence of diseases such as 

blood hypertension, colon cancer or osteoporosis relies on the study of the level 

and source of dietary calcium. These disorders have multiple causes but the 

field researchers appreciate they can be prevented by the dietary calcium 

(Gueguen and Pointillart, 2000). A possible key would be Ca bioavailability 

from the source and the presence of anti-nutritional factors which potentate its 

absorption from the diet, the investigations being conducted on animals.
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The balance determination after several weeks of consumption of a certain 

source of calcium is one of the best methods to evaluate the efficiency 

(bioavailability) of that particular source (Pointillart, 1993). The widest used 

animals for such experiments are the rats, pigs, Guineea pigs and monkeys. Pigs 

are omnivorous animals which eat rapidly two-three meals a day. This 

behavioural resemblance with man makes the pig an ideal model for feeding 

trials (Barlet et al., 1994). For instance, several researchers have observed that 

both in men and animals the administration of a calcium-rich diet reduces iron 

absorption (Hallbert et al, 1991; Barton et al, 1983). This type of interactions is 

particularly important especially for children and it was investigated using the 

piglets as experimental model (Wauben, 1998).

Boron (B) has been accepted as being an essential element for plant 

development since the early 2oth century (Warrington, 1923). The studies 

conducted by several teams of researchers have shown that boron potentates 

calcium absorbance in the human and animal organism. Nielsen et al. (1987) 

observed that the boron supplements decrease the urinary excretion of calcium 

in humans. A study on rats by Brown et al. (1989) concluded that the boron 

supplements improved the apparent absorption of calcium. In 2001, Armstrong 

et al., conducted an experiment on piglets giving them different concentrations 

of dietary boron. No significant differences were noticed for the apparent 

absorption, but the feed ingesta and daily gain were improved. 

Calcium is provided to animals through their diet, mineral supplements and 

other feed additives. Although the mechanism of absorption is still little known, 

the solubility of Ca compounds is essential for absorption. To be efficient, the 

sources of Ca must exist in forms which the animal organism can assimilate. 

The main dietary calcium sources are the calcium carbonate, feed grade 

limestone, calcium acetate etc.

Knowing that the dairy products are rich sources of readily available Ca, 

balance studies have been conducted using different sources of dietary calcium 

for pigs: skimmed milk, Ca sulphate and Ca carbonate (Pointillart et al., 2000).

Veum et al. (2007) conducted an experiment on piglets fed on new cultivars 

of barley with low levels of phytates. A balance was conducted to determine the 

absorption coefficients and measurements on bones have been performed, 

which showed that the group with low phytic acid had a higher level of Ca and 

P utilisation, a higher bone braking strength, a higher bone weight and better 

performance. 

An experiment on weaned piglets conducted within CEEX project 

(110/2006- NURIMINEROS), monitored in parallel the effects of two sources 

of calcium (calcium carbonate and calcium fructoborate) on calcium balance. 

Calcium carbonate is the regular source of dietary calcium used by the 

compounds feeds manufacturers and fructoborate is a patented product of SC 

Natural Reserch Craiova.
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MATERIAL AND METHODS

The 5-week feeding trial used 8 Landrace × Large White male, castrated, 

half sib piglets, 15.5 ± 0.8 kg, assigned to two groups (control, C and 

experimental, E). The animals were housed in individual metabolic cages 

located in the experimental house for pigs of the Laboratory of Nutrition 

Table 1: Diet formulation 

Item

Calcium carbonate 

(C)

Calcium fructoborate 

(E)

Rice 10.00 5.00

Corn 50.70 54.50

Gluten 3.00 3.00

Soybean meal (44% protein) 13.80 13.80

Powder milk 15.00 15.00

Ca carbonate 2.00 -

Ca gfructoborate - 3.20

Monocalcium phosphate 1.20 1.20

Oil 2.20 2.20

Salt 0.20 0.20

Methionine 0.25 0.25

Lysine 0.60 0.60

Choline 0.05 0.05

Vitamin-mineral premix* 1.00 1.00

TOTAL 100.00 100.00

Analyzed

Crude protein (CP) - g % 21.71 21.36

Metabolisable energy (ME)-MJ/kg feed 12.17 12.22

Calcium (Ca) -  g % 1.07 1.04

Phosphorus (P) -  g % 0.34 0.33

* 

IBNA Premix: Zoofort P
1+2

The animals had free access to the feed and water. The feed formulations 

(Table 1) used to manufacture the compound feeds were calculated using the 

mathematical model for energy and protein metabolism simulation (Burlacu, 

1983). The diets were isoprotein and isocaloric for the two groups but differed 

in the source of calcium: calcium carbonate for group C and calcium 

fructoborate for group E. The calcium fructoborate produced by SC Natural 

Research Craiova contains, according to the manufacturing specification, 6.5% 

Ca. This feed additive was included in the diet in a proportion of 3.20% which 

to ensure the same dietary Ca level as for group C. Ca to P ratio was 1.98 (C) 

and 1.96 (E). 

Weekly weighing was used to determine the average weekly weight gain.

Balance studies were conducted for 5 days on weeks 2, 4 and 5 by 

collecting and recording the amounts of urine and faeces. Average weekly 
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samples of urine and faeces were formed for subsequent analysis. The chemical 

analysis of the calcium from the feed, faeces and urine samples produced results 

which, related to the intake, gave the coefficients of apparent absorption, 

retention and utilisation of the dietary Ca.

The coefficient of apparent absorption is the ratio of the absorbed 

amount to the ingested amount multiplied by 100, where the absorbed amount is 

the difference between the ingested amount, and the amount excreted by faeces.

The coefficient of retention is the ratio of the retained amount to the 

ingested amount, multiplied by 100, where the retained amount is the difference 

between the ingested amount and the amount excreted through faeces and urine.

The coefficient of utilisation is the ratio of the used amount to the 

absorbed amount, multiplied by 100, where the used amount is the difference 

between the absorbed amount and the amount excreted by urine.

Mineral analysis was performed on an spectrometer with atomic absorption 

Thermo Electron– SOLAAR M6 Dual Zeeman fitted with deuterium lamp for 

background correction. Class A glassware was used for transvasation, dilution 

and storing and porcelain crucibles with lids were used for calcinations. High-

purity Merk reagents and bidistilled water were used. Stock solutions of 1000 

ppm traceable to SRM from NIST were used for calibration.

StatView software was used to calculate the evolution of calcium intake 

and elimination and the correlations during the balance periods.

Table 2 – Elements of calculation for calcium balance (average values per group)

Elements of calculation for calcium balance C E

Ingested (mg/ pig/ day) 1.30 ± 0.05 1.33 ± 0.24

Eliminated through faeces (mg/ pig/ day) 0.30 ± 0.01 0.39 ± 0.06

Eliminated through urine (mg/ pig/ day) 0.05 ± 0.01 0.06 ± 0.03

Absorption(%) 77.20 ± 0.08 70.45 ± 5.67

Retention (%) 73.27 ± 0.34 66.06 ± 4.17

W
e
e
k

 
2

Utilisation (%) 94.91 ± 0.34 93.86 ± 2.18

Ingested (mg/ pig/ day) 1.98 ± 0.11 1.74 ± 0.49

Eliminated through faeces (mg/ pig/ day) 0.40 ± 0.09 0.44 ± 0.16

Eliminated through urine (mg/ pig/ day) 0.06 ± 0.01 0.04 ± 0.01

Absorption(%) 79.67 ± 3.66 75.10 ± 3.26

Retention (%) 76.87 ± 3.96 73.0 ± 1.94

W
e
e
k

 
4

Utilisation (%) 96.48 ± 0.54 97.26 ± 2.36

Ingested (mg/ pig/ day) 2.00 ± 0.22 1.85 ± 0.06

Eliminated through faeces (mg/ pig/ day) 0.50 ± 0.06 0.54 ± 0.14

Eliminated through urine (mg/ pig/ day) 0.04 ± 0.02 0.06 ± 0.02

Absorption(%) 74.92 ± 0.46 73.89 ± 6.77

Retention (%) 72.86 ± 0.95 70.59 ± 5.64

W
e
e
k

 
5

Utilisation (%) 97.26 ± 1.86 97.57 ± 1.44
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RESULTS AND DISCUSSION

The results on the bioproductive performance of piglets didn’t show 

differences between the two groups. Both the feed intake (1.10± 0.3 Kg/ piglet/ 

day in group C and 1.05 ± 0.32 Kg/ piglet/ day in group E ) and the average 

daily gain (0.597±0. 05 kg in group C and 0.595±0. 04 kg in group E) had 

comparable values. This shows that the use of calcium fructoborate didn’t affect 

animal performance. Table 2 shows the coefficients of Ca apparent absorption, 

retention and utilisation. 

The data show that the values of the balance coefficients didn’t differ 

significantly between the surveyed groups. Fig. 1 shows calcium elimination 

through faeces and urine.

Balance related to the overall experimental period

p

Ingested (mg/ pig/ day) 1.76 ± 0.02 1.93 ± 0.13 0.6098

Eliminated through faeces (mg/ pig/ day) 0.40 ± 0.01 0.44 ± 0.11 0.5691

Eliminated through urine (mg/ pig/ day) 0.05 ± 0.01 0.05 ± 0.01

Absorption (%) 77.26 ± 1.09 73.15 ± 4.65 0.1303

Retention (%) 74.34 ± 1.75 69.88 ± 2.83 0.2135

Utilization (%) 96.22 ± 0.21 95.73 ± 2.34 0.1687

Figure 1: Calcium elimination through faeces and urine 

Different equations were used to evaluate Ca elimination through faeces 

and urine although in both groups Ca elimination through faeces increased with 

the age (Fig. 1). The equations were: y = 5E-05x2 + 0.0043x + 0.2931(R2 = 1) 

for group C and y = 0.0001x2 – 0.0008x + 0.3869 (R2 = 1) for group E. The 

shape of the two slopes showing Ca elimination through urine is antagonist: y = 
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-4E-05x2 + 0.0011x + 0.0502 (R2 = 1) for group C and y = 8E-05x2 – 0.0028x 

+ 0.0618 (R2 = 1) for group E. In the control group the slope is concave while 

in the experimental group the slope is convex. The control piglets excreted the 

largest amount of calcium through faeces during week 2, the same week when 

the experimental piglets eliminated in average, the lowest amount through urine. 

This situation is particular to this experiment.

A good correlation between the Ca ingested and eliminated through faeces 

was noticed in both groups using equations of simple regression (Fig. 2)
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Figure 2: Correlations between the ingested Ca and the calcium excreted through faeces

The increase of the ingested calcium increased the amount of calcium 

excreted through faeces, which shows and excess of Ca in both diets (same 

dietary calcium level in both groups, 1.04%).

The correlation between the amount of eliminated calcium and the 

absorption coefficients shows a negative slope because the increased 

elimination decreased the absorption coefficient (Fig. 3).
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Figure 3: Correlations between the eliminated Ca and Ca absorption coefficients

Hunt et al (1989) reported an increase of the calcium status under the 

influence of boron supplements in hens noting their deficiency in 
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cholaclaciferol and low dietary magnesium. In non-ruminant animals, 

significant improvement of the calcium balance was reported (Nielsen 1989, 

Hunt, 1997), but these experiments were conducted under conditions of feeding 

stress. The boron supplements might have a significant effect on the mineral 

metabolism only under the conditions of feeding stress.

The experimental results with calcium fructoborate are in agreement with 

the findings of Armstrong et al., 2001, the balance coefficients not being 

significantly different between groups, using nutritionally balanced diets. 

CONCLUSIONS

Diet supplementation with calcium fructoborate had similar effects to the 

dietary calcium carbonate; there were no significant differences of the Ca 

balance coefficients between the two groups. 
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