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Abstract 

An increasing number of studies conducted during recent years presumed that boron could 

be essential in animals since its deprivation in both experimental animals and humans 

causes changes in biological function which are reversible by restoration of boron. The 

study of B essentiality in animal nutrition was limited until the report that supplemental B 

stimulated growth and partially corrected leg abnormalities in cholecalciferoldeficient 

chicks. As far as we know, the literature does not reports works on the correlations between 

the supplementary dietary boron given to livestock and on food quality. The purpose of this 

paper was to assess the effects of some boron-enriched products  used as feed additives  in 

poultry feeding (broilers and layers). The trials were conducted by the Institute of Biology 

and Animal Nutrition Balotesti in cooperation with SC Natural Research SA. The data 

obtained from the feeding experiments suggest that the supplemental dietary boron given to 

poultry has a beneficial effect particularly on egg quality due to its biochemical traits that 

make it an essential element. 
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Introduction 

Boron (B) is abundant in soil, water and air acts as a Lewis acid and has 

characteristics between those of metals non-metals. Elemental boron was isolated 

and identified independently by Gay-Lussac and Sir Humphry Davey in 1808 by 

heating boron oxide with potassium metal. The pure crystalline material is black 

and lustrous. Pure boron is very hard and brittle and is a semiconductor. The first 

recorded internal use of boron compounds as a medication was by Arabian 

physicians in 875 AD. Plants were first found to contain boron in 1857 by Wittstein 

and Apoiger (Moseman, 1994). Since then it has been well recognized that boron, at 

about 0.5 ppm, is an essential element for normal plant growth. In its absence, 

plant growth halts and the plant makes no fruits. Boron is presents in some food 

and feed (i.e. apple 110 ppm, pear 70 ppm, barley 2.3 mg/ kg dry wt, sugar beet 76 

mg/ kg dry wt, white flour 0.45 ppm). No other trace element can take the place of 

boron as a required plant nutrient. Large quantities of boron, however, can be toxic 



to plants. In fact, boron compounds have been developed and marketed as 

herbicides and fungicides (Moseman, 1994).  

An increasing number of studies conducted during recent years presumed that 

boron could be essential in animals since its deprivation in both experimental 

animals and humans causes changes in biological function which are reversible by 

restoration of boron. The study of B essentiality in animal nutrition was limited 

until the report that supplemental B stimulated growth and partially corrected leg 

abnormalities in cholecalciferol-deficient chicks (Hunt and Nielsen, 1981). Hunt 

(1994) showed that prior to the findings published in 1981, all other animal boron 

nutrition studies were published between 1939 and 1947. Unfortunately, all of the 

earlier findings were confounded by the use of basal diets that were either 

nutritionally inadequate or supplemented with excessive amounts of boron (100-

2200 mg/kg).  

Boron is the fifth metal in the periodic table and based on its chemical and 

physiological proprieties it is included in the group  III A. (Verstraeten et al., 2005). 

In its cationic form, it has a high affinity for hydroxyl groups to form borate 

(B(OH)4  -) and boric acid (H3BO3), a weak acid with pKa of 9.25 and at pH 7.4 

boron exists mostly as uncharged H3BO3. Thus boron’s distinctive chemical 

properties allow it to form complexes with organic molecules containing hydroxyl 

groups, and therefore to interact with various metabolites  and enzymes to 

influence cellular activity (Park et al., 2005). It was also demonstrated (Wong et al., 

1984) that pyridine borane is a reducing agent for proteins. Scorei et al., 2005 

conducted an in vitro study regarding the antioxidant activity of calcium 

fructoborate. The same research team, Scorei and Cimpoiasu, 2005, have another 

paper (submitted) which demonstrates that under acidic conditions the presence of 

boric acids increases the thermo stability of ribose, while under basic conditions, 

glucose is favoured. Although it’s chemical proprieties are known the functions of 

boron in animals are still not well unknown but it might be involved in metabolism 

and utilisation of various elements (ex. Ca, Cu, Mg), glucose, triglycerides, reactive 

oxygen and oestrogen. The biochemical studies in this field are more and more 

intense. Naghii and Samman (1993) noted that the mechanism of boron action it may 

be mediated by increasing the concentration of steroid hormones such as 

testosterone and beta-oestradiol. Bakken and Hunt (2003) suppose that the dietary 

boron influences energy substrate metabolism in a wide variety of biological 

species including humans. Recent, Verstraeten et al .(2005) obtained results that 

demonstrate the ability of B to interact with membranes, and induce changes in 

membrane physical properties. Importantly, the extent of B-membrane interactions 

and the consequent effects were dependent on the nature of the lipid molecule. 

These differential interactions may result in different B-induced modulations of 

membrane-associated processes in cell. In the same direction, identification of 

NaBC1 as a borate transporter and characterisation of its transport mechanism and 

role in cell growth and proliferation should open the way to a better 



understanding of cellular boron and borate homeostasis and the physiological role 

of boron as an essential micromineral in animals and humans (Park et al., 2004 and 

2005).  

Hunt (1994) has summarizes evidence that supports working hypotheses for the 

roles of boron in animal model systems. He shows that research findings suggest 

that physiologic amounts of supplemental dietary boron affect a wide range of 

metabolic parameters in the chick and rat model systems. He considers like 

Kurtoglu et al., (2005) that boron might be regarded as beneficial in inadequate 

vitamin D3-containing broiler feed. Boron does not appear to accumulate in soft 

tissues of animals, but does accumulate in bone (Moseman, 1994). There are studies 

which demonstrated that boron interacts with other nutrients and plays a 

regulatory role in the metabolism of minerals, such as calcium, and subsequently 

bone metabolism (Hunt, 1989; King et al., 1991; Wilson and Ruszler, 1998; Kurtoglu et 

al., 2005).   

The effect of the dietary boron given to broilers on bird development and on bone 

mineralization was investigated by several teams (Elliot et al., 1992; Rossi et al., 

1993; Hunt et al. 1994). Kurtoglu et al. (2005) study the effects of 5 and 25 mg/kg 

boron supplementation of diets with inadequate (6.25 μg /kg) or adequate (50 μg 

/kg) cholecalciferol (vitamin D3) content on tibia characteristics Supplementation 

of the diet with boron affected tibia boron, zinc and calcium concentrations but did 

not have any effect on tibia iron or copper concentrations or tibia ash and tibia 

weight values. Boron supplementation caused significant increases in splenic 

plasma cell count but decreased the proximal and distal tibia growth plate widths. 

In general, the findings of this team study support the hypothesis that boron has 

an important biological role that affects the mineral metabolism of animals by 

influencing both biochemical and haematological mechanisms. Eren et al. (2004) 

performed a study to investigate the influence of dietary boron (B) 

supplementation on egg production, interior and exterior egg quality and serum 

parameters related to egg formation in laying hens. Two hundred and twenty four, 

18 week old, Hyline Brown 98 strain hens were fed for 8 weeks on diets 

supplemented with 0, 5, 10, 50, 100, 200 and 400 mg/kg (diet) B (H(3)BO(3)). Live 

weight, feed consumption and egg production were reduced in the 400 mg/kg B 

supplemented group. Boron changed the interior and exterior quality of eggs. The 

effects of dietary boron on egg production and on the ultimate shear force, stress, 

and fracture energy of the tibia, femur, humerus, and radius from White Leghorn 

laying hens were investigated by Wilson and Ruszler (1996). They showed that the 

shear force, stress, and fracture energy of the bones were not affected by increasing 

dietary concentrations of boron but egg production, food consumption and body 

weight were suppressed at a dietary boron concentration of 400 mg/kg. Regarding 

toxicity of boron in broiler chickens, Sander et al. (1991) noted that the acute oral 

mean lethal dose of boric acid in 1-day-old chickens was found to be 2.95 +/- 0.35 

g/kg of body weight, which classifies this product as only slightly toxic to chickens. 



They performed a study on one-day-old broiler chicks housed in floor pens in 

which litter had been treated with 0, 0.9, 3.6, or 7.2 kg of boric acid per 9.9 m2 of 

floor space. Boron residue levels in the same types of tissue were not significantly 

elevated in chicks fed 500 ppm or 1250 ppm boric acid in feed ad libitum for 3 

weeks; however, residues were significantly higher in chicks fed 2500 ppm or 5000 

ppm boric acid. 

As far as we know, the literature does not reports works on the correlations 

between the supplementary dietary boron given to livestock and food quality.  

The purpose of this paper was to assess the effects of some boron-enriched 

products  used as feed additives  in poultry feeding (broilers and layers). The trials 

were conducted by the Institute of Biology and Animal Nutrition Balotesti in 

cooperation with SC Natural Research SA. The first product, VETABOR, was 

originally developed and manufactured by SC Natural Research SA as fertiliser for 

fruit trees, wine yards and cereal crops. Considering its good performance 

(increased volumetric weight of wheat for instance) and the investigations on 

boron in animals, the idea came up for using it in animal feeding. The present 

study shows the data obtained from the feeding experiments on hens and broilers. 

 

Boron products used as feed additives 

VETABOR was the first tested aditive. The product VETABOR was supplied to 

Institute of Biology and Animal Nutrition for studies by the private research 

company SC Natural Research SA. It was originally developed and manufactured 

as fertiliser for fruit trees, wine yards and cereal crops. Considering its good 

performance (increased volumetric weight of wheat for instance) and the 

investigations on boron in animals, the idea came up for using it in animal feeding. 

VETABOR, more precisely, VETABOR STANDARD is a complex of calcium, boron 

and fructose (table 1). It is a clear, colourless, odourless liquid with sweet taste.  

 
Table 1 – Reference analytical parameters of VETABOR 

Parameter Value 

pH of concentrated solution 5.0-5.5 

Calcium 17 g/l 

Boron 6.5 g/l 

Chlorides Maximum 0.01% 

Heavy metals (Fe, Cu, Mn, Zn, ) Maximum 0.0003% 

Sulphates  Maximum 0.001% 

Solubility Fully water soluble 

Organoleptic features Clear, sweet liquid 

 

VETABOR was tested both on layers and on broilers. The results are shown in the 

second part of the paper. The results surprised by the positive effects both on the 

cholesterol and linolenic acid levels in the eggs, and on the linolenic acid level from 

the broiler breast meat. Yet, the use of liquid VETABOR was regarded as an 



impediment by the nutritionists. SC Natural Research SA has therefore proposed 

to develop, and actually developed PROLINBOR. This is a new protein 

concentrate, powder, enriched in linolenic acid and boron. The new concentrate 

was manufactured in a pilot unit in three variants differentiated by the proportions 

of its ingredients: VETABOR and a homogenous mixture of soybean meal, 

sunflower meal, plant oils and antioxidants, forming the products PROLINBOR 

type 0.1, 0.02 and 0.04, as shown in Table 2. 

This product was assessed during trials conducted on layers. The experimental 

results conformed the positive effects of VETABOR. 

 
Table 2- Characteristics of the different variants of PROLINBOR 

 PROLINBOR  0,1 PROLINBOR 0,02 PROLINBOR 0,04 

Crude protein, g%  30.72 31.94 32.31 

Ether extractives, g% 16.11 15.73 15.35 

Crude fiber, g%  10.84 11.41 10.94 

Ash, g% 7.00 7.00 7.00 

Calcium, g% 0.60 0.60 0.60 

Phosphorus, g% 0.98 0.98 0.98 

Boron, ppm 90 25 39 

Vitamin E, mg/%g 17.11 17.82 17.14 

Lysine, g% 12.44 12.44 12.44 

Methionine, g % 5.17 5.17 5.17 

½ Cysteine, g/ % 5.34 5.34 5.34 

Isoleucine, g/ % 12.31 12.31 12.31 

Oleic acid, g/100 fat. 43.70 43.49 43.85 

Linoleic acid, g100 fat 44.39 42.15 41.40 

Linolenic acid, g/ 100 fat 4.82 4.70 4.60 

 

Effect of using boron supplements in layer diets  

Experiment with VETABOR 

Duca et al. (2004) studied the influence of VETABOR on the quality of eggs from 

ROSO-SL – 2000 hybrid hens discussing the levels of fatty acids and cholesterol. 

The experiment used 30 ROSO-SL – 2000 hybrid layers weighing in average 1.82 

kg, during peak laying (aged 28 weeks). The hens were assigned to three 

homogenous groups (10 hens/ group) according to their body weight, as follows: 

group C, Group E1 (dose of additive according to manufacturer’s 

recommendation) and Group E 2 (increased dose of VETABOR). Throughout the 

experiment (112 days) the layers were kept in metabolic cages, two hens in a cage 

and 5 cages by group. 

The compound feed (CF) for hens was based on corn, rice and sunflower. The 

dietary premix, the same for all groups, was a formulation (Zoofort A1, A2) 

developed by the Institute of Biology and Animal Nutrition and it did not include 

boron compounds. 



VETABOR was included in the feed by homogenisation in the daily amount of feed 

to be distributed. Group E1 received  0.1 ml VETABOR (3.5 ppm B)/hen/day i.e., 

0.2 ml per cage or 1.0 ml for the entire group. Group E2 received 0.5 ml VETABOR 

(17.5 ppm B)/ hen /day-, i.e., 1 ml per cage or 5 ml per group. The control group (C) 

received the same amount of CF but with no treatment, however. The hens 

received the food at the same hour each day and they had free access to water. The 

eggs were collected during the morning of each day, weighed and recorded. Egg 

quality was assessed on 2 eggs of 7 selected at random. 

Table 3 shows yolk cholesterol in the samples collected during the final 112 days. 

Data processing showed that the eggs produced by the hens treated with 

VETABOR for 16 weeks had much lower cholesterol levels. We consider that the 

significantly lower cholesterol level in the yolk of the treated hens is outstanding 

and has to be further investigated thoroughly. In fact, the decrease of cholesterol 

level became a research priority of the scientists who consider that layers diets can 

significantly influence egg quality (Whitehead, 1999). 

 
Table 3 -Yolk  cholesterol (mg/100g dried  yolk) (Duca et al., 2004 ) 

 Average values per group 

Control 1.189 ± 0.077 

E 1 0.772 ± 0.019* 

E 2 0.757 ± 0.045* 
* significant differences from the control group for p ≤ 0,1 

 

Tables 4 and 5 show the results on fatty acids. As it can be seen, linoleic acid level 

did not vary significantly throughout the experiment but linolenic acid level 

increased in time. Thus, although during the second week the difference in 

linolenic acid level between the treated and not treated groups was significant, this 

difference is much lower than during the week 10 and much lower than during 

week 16. This is a hint to the benefits of the long-term VETABOR use in layer 

nutrition. Increasing the level of yolk linolenic acid is important because it was 

found that its presence in the human food reduces the risk of coronary heart 

disease  (Kinssela et. al. 1990; Ferrier et. al. 1995). Ferrier et al. 1992, studied the 

change in serum lipids and fatty acids in the human subjects that consumed 

throughout two weeks eggs rich in alpha linoleic acid and found a 35% depression 

of the serum triglycerides but no change in serum cholesterol. 

 

Table 4 - Yolk fatty acid levels at week II (g/100g fat in dried yolk ) (Duca et al., 2004) 

Wk II 
Miristic 

acid 
Palmitic  

acid 
Palmitoleic 

acid 
Stearic  

acid 
Oleic  
acid 

Linoleic  
acid   

Linolenic 
acid 

C 0.187±0.015 22.627±1.973 2.950±0.685 7.320±0.406 41.440±0.485 25.127±2.625 0.473±0.126 

E 1 0.203±0.020 24.917±1.463 3.193±0.302 6.583±1.00 36.893±1.673 27.65±2.246 0.56±0.125* 

E 2 0.193±0.047 24.547±1.280 2.560±0.256 5.727±0.66 38.737±1.495 27.657±0.791 0.58±0.02* 



* significant differences from the control group for p ≤ 0,1 

 
Table 5 - Yolk fatty acid levels at week XVI (g/100g fat in dried yolk) (Duca et al., 

2004) 

Wk 
XVI 

Miristic 
acid 

Palmitic 
 acid 

Palmitoleic 
acid 

Stearic 
 acid 

Oleic 
 acid 

Linoleic 
 acid   

Linolenic 
acid 

C 0.210±0.010 23.097±0.155 2.963±0.064 5.480±0.429 45.557±0.499 22.470±0.586 0.207±0.045 

E 1 0.160±0.044 23.537±1.231 2.31±0.469 7.667±1.159 41.930±1.674 23.783±2.217 0.613±0.081* 

E 2 0.200±0.030 23.270±0.818 3.263±0.785 8.437±0.933 42.336±0.587 21.873±1.137 0.620±0.061* 

* significant differences from the control group for p ≤ 0,1 

Experiment with PROLINBOR 

Grossu et al. (2005) conducted a study regarding the effect of the supplemental 

PROLINBOR added to layer diets on egg quality. The experiment used 288 hybrid 

Roso SL-2000 layers aged 60-66 weeks kept in two tier battery cages, with free 

access to the feed and water. The layers were assigned to 4 groups (a control group 

and 3 experimental variants) which differed by the source of the dietary energy 

and protein. The source was corn germs (with a unsaturated fatty acids profile 

quite close to PROLINBOR) with 47% oil (31.20 oleic acid, 53.56 g linoleic acid and 

1.20% linolenic acid per 100 g product) for the control diets (C). This source was 

replaced in the experimental groups (V1, V2, V3) by PROLINBOR (table 2) type 

0.1(V1), 0.02 (V2) and 0.04 (V3). 

Besides the corn germs or PROLIBNOR, all diets also included corn and soybean 

meal. The diets were isocaloric, isoprotein and contained similar levels of total 

sulphur amino acids, of available calcium and phosphorus and in agreement with 

the nutritional requirements for the intensive layer raising. Table 6 shows the level 

of dietary nutrients. The table shows the difference between diets in the level of 

linolenic acid and boron. The dietary premix was similar for all groups being a 

formulation (Zoofort A5) developed by the specialists of the Institute of Biology 

and Animal Nutrition, formulation that does not include boron compounds.  

 
Table 6- The level of dietary nutrients (%) (Grossu et al., 2005) 

Structure Control 

Experimental 
(Protein concentrate -PROLINBOR) 

V1 V2 V3 

ME MJ/kg 11.80 11.81 11.80 11.81 

Crude protein, % 15.11 15.28 15.20 15.24 

Ether extractives, total, % 4.48 4.43 4.28 4.33 

Linolenic acid, g/ 100g fat  1.90 2.51 2.42 2.40 

Crude fibre, % 3.30 3.38 3.37 3.39 

Methionine, g/ %g 0.38 0.38 0.38 0.38 

Methionine+Cystine, g/ %g 0.62 0.62 0.62 0.62 

Lysine, g/ %g 0.77 0.77 0.78 0.78 

Calcium, % 3.65 3.65 3.65 3.65 



Available phosphorus, % 0.28 0.28 0.28 0.28 

Boron, ppm Below detection 8.82 3.70 2.32 

  

A total of 48 samples were formed, 24 of yolk and 24 of egg shell. Each sample was 

the homogenous average obtained from 8 eggs. The yolk was dried at 650C and 

assayed for protein, fat, ash, fatty acids and cholesterol. The egg shells were dried 

at 650C and assayed for ash and calcium. 

Table 7 shows the production performance. The laying percentage is in agreement 

with the standard slope recommended by the hybrid producer for that particular 

age. Laying percentage was slightly lower in groups V1 and V3 and significantly 

lower in group V2. Several authors (Wilson et al., 1998; Eren et al., 2004) observed 

however, that boron has an adverse effect on the laying percentage at a dose of 400 

ppm B, which is much higher than the dose used in our feeds. Qin X et al. (1991) 

showed that for a level of 3.5% Ca (close to the level of our feeds) the laying 

percentage decreased even at a dietary dose of 100 ppm B (in our diet formulation 

maximum 8.82 ppm B). Unexpectedly, egg shell weight was significantly higher in 

group C than in the three experimental groups. 

 
Table  7 – Laying percentage and egg physical measurements (Grossu et al., 2005) 

 C V1 V2 V3 

Laying percentage (%) 64.75 ± 2.42c 64.26 ± 3.36 63.55 ± 2.07a 64.28 ± 2.51 

Egg weight (g) 66.30 ± 1.44d 65.63 ± 3.36 66.00 ± 0.97d 64.20 ± 1.14 a.c 

Yolk weight  (g) 19.26 ± 0.47 18.47 ± 1.02 18.96 ± 0.63 19.28 ± 0.72 

Egg white weight (g) 38.80 ± 1.29 39.90 ± 2.35 39.51 ± 0.73d 37.71 ± 1.29c 

Shell weight (g) 8.21 ± 0.43 b.c.d 7.3 ± 0.45 a 7.31 ± 0.21 a 7.26 ± 0.30 a 

a = significantly different (p  0,05) from C; b = significantly different (p  0,05) 

from V1; c= significantly different (p  0,05) from V2; d = significantly different (p  

0,05) from V3  

 

Concerning the yolk cholesterol levels (table 8) there were significant differences 

between groups. A lower yolk cholesterol level was noticed in the eggs from the 

hens treated with PROLINBOR compared to the control group. A statistically 

significant difference was observed between C and V1 and between C and V2. A 

lower yolk cholesterol level was also noticed for group V3  but it is not statistically 

different. These data support the evidence presented by our team in a previous 

study conducted on hens treated daily with VETABOR (Duca et al., 2004). 

 
Table 8 - Yolk chemical composition (by 100 g sample dried at 65oC ) (Grossu et al., 

2005) 

 C V 1 V 2 V 3 

Crude protein (g) 31.74  0.304 31.898  0.270 32.273  0.420 31.70  0.195 

Ether extractives 
(g) 

51.73  0.143 51.658  0.290 51.848  0.343 52.07  0.153 



Ash (g) 2.830  0.027 2.880  0.128 2.931  0.077 d 2.730  0.019 

Cholesterol (mg) 0.854 ± 0.022 b.c 0.612 ± 0.024 a  0.693 ± 0.004 a 0.785 ± 0.004 

a = significantly different (p  0,05) from C; b = significantly different (p  0,05) 

from V1; c= significantly different (p  0,05) from V2 ; d = significantly different (p 

 0,05) from V3  

 

Significant changes were observed in the unsaturated fatty acids C18: oleic, 

linoleic, linolenic (table 9).  

 

Table 9 – Fatty acids profile at the end of the experiment (g/100g fat in dried yolk) 

(Grossu et al., 2005) 

  C V1 V2 V3 

Miristic  acid 0.31 ± 0.04b 0.21 ± 0.02a,c 0.28 ± 0.04b 0.27 ± 0.01 

Palmitic acid 29.74 ± 1.04b,c 23.26 ± 1.50a 23.95 ± 1.61a 26.27 ± 0.23 

Palmitoleic acid 1.38 ± 0.16c,d 1.29 ± 0.14 0.83 ± 0.05a 1.04 ± 0.05a 

Stearic acid 2.42 ± 0.30c 2.15 ± 0.20 1.61 ± 0.13a 1.91 ± 0.09 

Oleic acid 41.45 ± 2.11c,d 37.95 ± 1.30 34.15 ± 1.67a 34.82 ± 0.62a 

Linoleic acid 23.58 ± 2.27 23.16 ± 0.46 27.30 ± 1.30 23.02 ± 1.17 

Linolenic acid 1.12 ± 0.39b,c,d 11.98 ± 2.43a 11.88 ± 1.65a 12.67 ± 1.19a 

a = significantly different (p  0,05) from C; b = significantly different (p  0,05) 

from V1; c= significantly different (p  0,05) from V2 ; d = significantly different (p 

 0,05) from V3  

 

The level of oleic acid significantly lower (p≤0.05) in experimental groups V2 and 

V3 comparing with group C. The level of linoleic acid showed no statistically 

significant differences. The level of linolenic acid showed significant differences 

between C and V1, V2 and V3 for p≤0.05. This is accounted by the different dietary 

linolenic acid level in group C compared to the experimental diets (Table 6), many 

researchers showing that yolk fatty acids profile can be easily changed by 

nutrition. The linolenic acid level is higher than in experiment with VETABOR 

shown above (tables 4 and 5) because both due to the diet formulation and to 

PROLINBOR structure, the dietary linolenic acid level was significantly higher. 

The results regarding  did not surprise us because the diets had a high level of 

polyunsaturated fatty acids. The scientific literature showed that higher levels of 

yolk mono and polyunsaturated fatty acids can be achieved nutritionally with 

feeds such as fish meal, fish oil, sea algae meal or with plant feeds such as linen oil, 

rapeseed oil, sunflower oil, linen meal, linen seeds, as reported by Katleen Raes et 

al., 2002. 

 

Effect of using boron supplements in broiler diets 



The investigations on the effect of VETABOR, boron-enriched concentrate, on 

breast meat quality were conducted on 108 Cobb 500 commercial broiler hybrid 

throughout the age period 1-42 days (Criste et al., 2005). The broilers  (kept in 

metabolic cages) were assigned to 3 groups (6 replicates/group) maintained at a 

neutral air temperature (280C during the first week and 240C during the 

subsequent weeks). The basal compound feed formulation for each growth stage 

was similar for all groups. The experimental groups differed by the amount of 

supplemental VETABOR: 0.3337 g/kg broiler/day (E1) and 0.6674 g/kg broiler/day 

(E2). This means: 2.1905 mg B kg/ broiler/day for E1 group respectively 4.381 mg B 

kg/ broiler/day for E2 group. No VETABOR was added to the diets for the control 

group, C.  The 3 compound feed formulations were isocaloric, isoprotein and 

similar levels of total sulphur amino acids, lysine, available calcium and 

phosphorus. At the end of the experiment (42 days), 18 broilers from each group 

were slaughtered and samples of serum, bone and breast were collected. The 

serum and bone samples were assayed for Ca, P and B levels The tibia samples 

were dried at 650C, degreased and assayed for ash, Ca, P and B. The breast samples 

were dried at 650C and assayed for fatty acids profile and cholesterol level.  

The performance of the experimental groups was similar to the performance of the 

control groups. There was no mortality or any other health problem in any group. 

 

Table 10 – Serum levels of calcium, phosphorus and boron (Criste et al., 2005 ) 

Group Calcium 
mg% ml 

Phosphorus 
mg% ml 

Boron 
mg% ml 

C 
E 1 
E 2 

12.02 ± 0.23 
12.31 ± 0.29 
12.32 ± 0.26 

7.88 ± 0.06 
7.98 ± 0.05 
8.01 ± 0.11 

0.005  ± 0.002 
0.030a  ± 0.001 
0.033a ± 0.003 

a= significantly different ( p 0.05) from C; b=  significantly different ( p 0.05) from 

E1;  c=  significantly different (p 0.05) from E2 

 

Table 10 shows serum levels of Ca, P and B. Serum Ca and P were similar in all 

groups and they range within the normal limits. Kurtoglu et al (2001) showed that a 

supplementation of two levels (5 and 25 parts per million; ppm) of boron into 

broiler diets including 125 IU kg(-1) (inadequate) and 2000 IU kg(-1) (adequate) 

vitamin D3 had a positive effect on Ca, P and alkaline phosphatase levels of chicks. 

In an other study, the same authors (Kurtoglu et al. 2005) noted that 

supplementation of the broiler chicks diet with boron affected plasma 

concentrations of boron, iron, copper and zinc and also tibia boron, zinc and 

calcium concentrations but did not have any effect on tibia iron or copper 

concentrations or tibia ash and tibia weight values. Their final conclusion of 

Kurtoglu team was that boron has an important biological role that affects the 

mineral metabolism of animals by influencing both biochemical and 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kurtoglu+V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kurtoglu+V%22%5BAuthor%5D
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haematological mechanisms. Serum B, however, was significantly higher in both 

experimental groups. There was no significant difference between the 

experimental groups although E2 received twice as much VETABOR than E1.  

The data of tibia chemical analysis, revealing that B level (E1:0.03 ±0.002, E2: 0.027 

±0.001 vs C: 0.01 ±0.002 mg B/100g dried and degreased sample) was significantly 

higher in the experimental groups but was no significant difference between the 

experimental groups. The data for ash: 52.60 ±0.1 (C), 53.40±0.607 (E1) and 53.80  

±1.289 (E2)  g/ 100g dried and degreased tibia, showed a significantly difference 

(p 0.05) between C and E2. Wilson and Ruszler (1997) noted that tibia bone ash 

content  in growing pullets increased significantly at 50, 100, and 200 mg/kg boron 

with the highest value at 50 mg/kg. Also Edwards (1987) showed that addition of B 

and other ultratrace elements to a chick trace mineral premix increased tibial bone 

ash percentage and reduced the incidence of tibial dyschondroplasia.  

Table 11 shows the fatty acids profile of the breast muscle revealing a significantly 

higher level of linolenic acid in E1 (1.79 g % fat) and in E2 (2.48 g % fat) than in C 

(1.33 g % fat). This was an unexpected result considering that the fat level and 

source (sunflower oil) were similar for all three groups. One explanation could be 

that boron is superoxide scavenger. The cholesterol level from E1 breast sample 

was significantly lower than in the control group, but no significant difference was 

observed between E2 and C. 

 
Table 11 – Fatty acids profile and cholesterol level in the breast muscle (Criste et al., 

2005) 

 MU C 

 

E1 

 

E2 

 

Miristic acid  g% fat 0.56 0.65 0.47 

Palmitic acid  g% fat 21.56 23.59 19.46 

Palmitoleic acid   g% fat 2.39 3.71 2.53 

Stearic acid   g% fat 8.21 8.15 7.56 

Oleic acid   g% fat 26.97 28.56 28.65 

Linoleic acid  g% fat 38.97 33.35 38.85 

Linolenic acid  g% fat 1.33b c 1.79 a.c 2.48 a.b 

Cholesterol mg% sample 60.80b 59.71a 60.53 

a= significantly different ( p 0.05) from C; b=  significantly different ( p 0.05) from 

E1; c= significantly different ( p 0.05) from E2 

 

Conclusions 

 The data obtained from the feeding experiments on hens and broilers with 

boron-enriched products  suggest that the supplemental dietary boron given to 

poultry has a beneficial effect particularly on egg quality due to its biochemical 

traits that make it an essential element. 

 VETABOR and PROLINBOR treatment increased significantly the level of yolk 

linolenic acid under the conditions of using diets enriched in this acid. For 



PROLINBOR these data support the fact that yolk fatty acids profile can be easily 

influenced nutritionally. The metabolic paths by which boron influences linolenic 

acid retention in the yolk remain, however, to be investigated 

 The yolk cholesterol from layers treated with VETABOR and PRLINBOR was 

significantly lower than in groups C. We consider that the significantly lower 

cholesterol level in the yolk of the treated hens is outstanding and has to be further 

investigated thoroughly. 
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