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Boron, essential micronutrient for animal nutrition
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SUMMARY

Boron is a trace mineral, which is found in highest amounts in fruits, 

vegetables, nuts and legumes. Because of the importance of boron in animal and 

human nutrition, it is reasonable to determine the normal sources of dietary bor. 

Recent research findings suggest that physiologic amounts of supplemental 

dietary boron affect a wide range of metabolic parameters in the chick and rat 

model systems. Boron has been shown to impact mineral metabolism, brain 

function and performance, and selected hormone levels. It had become apparent 

that to convincingly demonstrate boron nutritional essentiality, researchers 

would have to show that insufficient boron in the diet results in adverse health 

effects, from those that severely interfere with an organism’s quality of life to 

those that result in death.
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INTRODUCTION

Boron, a micronutrient acknowledged as essential to the growth and 

development of plants, is everywhere around us. In the early ‘80s, the existing 

dogma on boron in human and animal nutrition changed, the experiments 

showing that boron can also become an essential microelement to human and 

animal nutrition. Recent surveys showed that the boron might play an important 

role in the mineral metabolism, in the functioning of the human brain and in the 

performance of the cognitive function; it might also play an antiinflammatory 

and anti-ostereoporosis role too.

Dr Nielsen and his team from the "Grand Forks Human Nutrition Research 

Centre", Grand Forks, USA, have shown for the first time the “essentiality” of 

the boron to the animal and human organism showing at the same time that 

boron is dynamic trace element that, at physiological levels, may have a 

beneficial influence on the function of the different organisms systems 

including the brain, bone and immune systems.

The laboratory of Foods Quality Check affiliated to the Craiova University 

Faculty of Horticulture also conducts fundamental research on “Boron complex 

products with D-glucoses and D-ribose”.
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Natural boron sources, boron levels in the daily diet, requirement of 

supplementary boron

Boron is omnipresent, its concentration being 0.5 ng m

-3

 air, less than 0.3 

mg l

-1

 at the water surface and 0.03 mg l

-1

 in average in the tap water. Plant 

growth stops and they do not make fruits in the absence of the boron. The plant 

level of boron varies with the soil boron level, which may be improved with 

boron-based fertilizers added particularly to the alkaline solis.

The main boron source for humans is their diet. Two recent surveys 

(Anderson et al., 1994; Hunt et al., 1991) show that the richest boron sources 

are the fruits (grapes, apples, bananas, nuts and peanuts) and the vegetables 

(broccoli, cabbage, soy, carrots, beans and potatoes). The dairy products, the 

fish, the meat and most cereals are poor boron sources.

Boron bioavailability in the water and foods is rather high and the optimal 

level of boron might by theoretically obtained from a vegetable-rich diet. Boron 

bioavailability is 89% for the water and it may reach 100% in foods such as 

broccoli.

Although no daily dose of boron has yet been determined the analyses of 

the existing data on humans and animals suggest a daily requirement of 1-13 mg 

(WHO/FAO/IAEA, 1996). Unfortunately, this amount cannot be met by the 

common diets. Recent findings show that a large share of persons does not 

consume more than 1 mg boron day

-1

(Coughlin, Nielsen). These values 

resulted from a survey on people from 6 countries: USA, Germany, Great 

Britain, Mexico, Kenya and Egypt. The persons eating adequate daily amounts 

of vegetables and fruits can accumulate up to 6 mg boron day

-1

. 

Given that the common diets provide less than the daily requirement of 

boron for a healthy feeding it is necessary to keep developing feed supplements 

with boron. The current food supplements with boron include the calcium boron 

gluconate complex (Now Foods, Glendale Hts., Ill.), the complex with boron 

citrate, aspartame and chelated glycinate (Twin Laboratories, Inc., 

Ronkonkoma,NY), complex products with boron and carbohydrates, complex 

products with calcium, magnesium, boron, vitamins A, D and C.

Among the existing patents on this subject are A61K31/42 PCT / 

NL92/00015; A61K31/70 PCT / US98/06050; A23K 1/16 92101375.1. Patent 

A61K31/70 PCT / US98/06050 – “The use of boron complexes” concerns the 

use of boron-carbohydrates complexes as food supplements recommending 

particularly the use of calcium fructo-borate. It also recommends testing the 

boron complexes in certain foods particularly in the magnesium rich foods such 

as the snacks with chocolate and nuts or peanuts. Patent A61K31/42 PCT / 

NL92/00015 concerns the development of a complex food supplement 

containing boron too. Developed initially for veterinary use, it can also be 

recommended for human consumption. Patent A23K 1/16 92101375.1 concerns 

the development of a complex food supplement containing calcium, 

magnesium, silicium, boron and vitamins A, D and C. Developed for veterinary 
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use it strengthens the bones, cartilages and improves the metabolism being 

particularly recommended for the race horses.

The current boron complexes contain or are rapidly hydrolysed to boric 

acid. The boric acid is reactive and it tends to accumulate in the tissues. The 

boron level of the current formulations of boron compounds is extremely high 

compared to the normal values. Boron can also be used as simple salt such as 

the sodium borate or the decahydrate sodium tetraborate. It is necessary to 

develop a food supplement in which the boron is bond to a ligand.

The importance of boron to animal nutrition 

It has been shown that the boron supplements alleviate the deficiencies of 

vitamin D and calcium in poultry (Hunt, 1989) and rats (Dupre et al., 1994). 

Boron stimulates the embryonic growth in the trout (Oncorhynchus mykiss) 

depending on the dose (Eckhert, 1998). The ocean water is rich in boron the 

average level being 425 mmol l

-1

 (Bassett, 1990). Boron is required for the 

growth of some diatom species (Lewin, 1966a,b) and flagellate algae (Lewin, 

1966a). Cyanobacteria need boron to bond nitrogen (Bonilla et al., 1990). The 

Drosophilae flies lived 10% longer when their diet was boron-enriched. The 

growing rats fed low boron diets 

-1

) displayed alterations in the 

metabolism, in the bone system, in the brain function, in the mineral 

metabolism, in the use of the metabolic energy, in the immune function and in 

insulin secretion. These effects were most clearly displayed when the animals 

were submitted to a stress (calcium, cholecalciferol or magnesium lack) that 

affected adversely the mineral or hormonal metabolism, possibly at the level of 

the cell membrane. 

Some of these results are described below.

Bone system development

It was shown that the lack of boron exacerbated bone abnormalities in 

chicken with low dietary cholecalciferol (Hunt and Nielsen, 1981; Hunt et al., 

1994). The lack of boron exacerbated the distortion of the bone marrow buds 

due to the lack of cholecalciferol and delayed the onset of cartilage calcification 

(Hunt, 1989), decreased chondrocyte density in the area of growth plate 

proliferation in chicks (Hunt et al., 1994). The in ovo injection of boron 

depressed the abnormal height of the growth plate in the chick hatched from 

eggs with cholecalciferol deficit (King et al., 1991). Based on these evidences 

Hunt et al. (1994) suggested that the boron increased the maturation of the 

growth plate in the long bones. 

Brain function

The lack of boron influenced systematically the electrical activity of the 

brain in mature rats, the main effect concerning the distribution of the electric 

activity frequency (Penland and Eberhardt, 1993). This suggests that boron 
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might play an important role in maintaining brain activity. The calcium level in 

the brain and cortex and the phosphorus level of the cerebellum were higher in 

the rats deprived of boron than in the rats provided with dietary boron, both 

categories receiving deficient dietary cholecalciferol levels (Hegsted et al., 

1991). Penland (1990) observed that boron deprivation increased the brain level 

of copper.

Mineral metabolism

It was shown that boron deprivation in the cholecalciferol deficient rats 

decreased the apparent absorption and balance of calcium, magnesium and 

phosphorus (Hegsted et al., 1991). It was also shown that boron deprivation 

altered the plasma levels of the substances involved in the mineral metabolism. 

Boron deprivation increased significantly the abnormally high alkaline 

phosphatase activity in cholecalciferol deficient chicks (Hunt and Nielsen, 

1981; Hunt et al

-

1 -1

) had significantly higher plasma 

levels of 25-dihydroxycholecalciferol (Bakken and Hunt, 1995b) and 1,25 

dihydroxyicholecalciferol (Bakken and Hunt, 1995). Irrespective of the 

cholecalciferol status Hunt et al. (1994) observed that boron supplementation pf 

the boron-deficient chicks increased significantly the femur levels of calcium, 

phosphorus and magnesium.

Use of the substrate energy

Hunt (1997) reported that the boron supplements (1.3 mg kg

-1

) given to 

chicks with deficient cholecalciferol levels (0.2 mg kg

-1

) increased the liver 2-

phosphoglycerate and decreased the liver dihydroxyacetone, which suggest that 

boron supplements influenced the glycolytic liver system and thus the 

metabolism of the substrate energy. Hunt and Nielsen (1987) have shown that 

boron deprivation increased plasma glucose. It also depressed plasma 

triglyceride both in chicken (Bai and Hunt, 1995b; Hunt and Herbert, 1993) and 

in rats (Aasen and Hunt, 1993; Herbel and Hunt, 1992).

Immune function

Bai and Hunt (1996b) reported that boron deprivation unbalanced the 

antibody response in the rats immunized with bacterial antigens. Bai and Hunt 

-1

) delayed the onset 

and alleviated the severity of adjuvant-induced arthritis in rats. It has also been 

reported that boron as borax had a positive effect on the formaldehyde-induced 

arthritis in rats (Shah and Vohora, 1990).

Insulin secretion

Hunt and Herbel (1991-1992) reported that boron deprivation increased 

plasma insulin in cholecalciferol deficient rats. The peak values of insulin 

release were distinctly higher in the pancreases isolated under perfusion in the 
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chicks given deficient dietary boron levels (about 0.3 mg kg

-1

) than in the chicks 

given 1.4 mg B kg

-1

 (Bakken and Hunt, 1995).

Mineral metabolism

The evidence in this respect includes changes in the hormones involved in 

the mineral metabolism. In both experiments the serum 25-

hydroxycholecalciferol level was lower during boron deprivation than when 

boron was at higher levels (Nielsen et al., 1990, 1992). The calcitonin levels 

were higher in the experiment with deficient dietary copper and magnesium 

levels, than in the experiment when the dietary levels of the two elements were 

adequate, which shows and abnormal metabolism of the calcium. The lower 

boron levels enhanced this abnormality (Nielsen et al., 1990). Similar results 

were obtained with osteocalcin serum.

Metabolism of the energy substrate

Similarly to the results observed in animals boron deprivation affects the 

serum glucose and triglyceride in humans. In an experiment with low dietary 

copper and magnesium levels, the serum glucose level was significantly higher 

than when the dietary boron levels were normal (Nielsen, 1989). Serum 

triglyceride was significantly lower when the dietary boron was deficient than 

when the dietary boron was adequate (Nielsen, 1992).

Boron metabolism

One of the criteria often mentioned as requirement for an element to be 

considered as essential is the existence of mechanisms for homeostatic control. 

The evidence showing that the boron is controllable from the homeostatic point 

of view include the fast urinary excretion of the absorbed boron, the lack of 

boron build up in the tissues and the narrow range of serum boron in the 

apparently healthy persons.

Since there are no boron radioisotopes that can be used it was difficult to 

study boron metabolism. However, the sodium borate, the boric acid and the 

food boron are rapidly absorbed and excreted massively into the urine.

Most of the ingested boron is probably converted into B(OH)
3
, the normal 

hydrolysis end product of most boron compounds and the dominant inorganic 

species in the intestinal tract. Thus, boron is probably absorbed, transported 

throughout the body and excreted mainly as non-dissociated B(OH)
3 

. During 

the transportation through the body B(OH)
3 
 is most often bind poorly to matters 

that contain cis-hydroxilic groups. A plasma-linked mass spectrometric method 

was developed that uses the ratio of two isotopes 

11

B/

10

B to study boron 

metabolism (Vanderpool et al., 1994). This method was used to show that to 

boron from broccoli intrinsically enriched with 

10

B was absorbed as properly as 

extrinsically 

10

B in boric acid in a feeding test on rats. Of the 20 µg 

10

B given to 

rats, after 3 days, 95% of the isotope was detected in urine and 4% in the faeces. 

This is in agreement with the results showing that usually more than 90% of the 
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ingested boron is absorbed (Jansen et al., 1984). The high urinary excretion 

shows that this is the major homeostatic mechanism monitoring the body level 

of boron. Hunt et al. (1997) observed that in 11 postmenopausal women 

receiving several boron regimes ranging between 0.36 (probably deficient) to 

3.3 mg day

-1

 (rich) the serum boron increased rapidly from 64 to 95 ng ml

-1

while the main daily boron excretion increased from 0.37 to 2.87 mg. Nielsen 

(1996) observed that the dietary supplement of 2.5 mg B day

-1

 given to 43 

postmenopausal women who consumed in average 1.2 mg boron day

-1

 (based 

on the urinary secretion) increased the plasma boron in average from 34 to 53 

ng ml

-1

, while the urinary excretion of boron increased from 1.19 to 3.29 mg 

day

-1

. The volume of urine was not influenced apparently by boron 

supplementation in any survey.

The boron is distributed in the soft tissues and in the fluids of both animals 

and humans at levels ra

-1

, in the 

tissue (Bai and Hunt, 1996a, Ward, 1993, Shuler et al., 1990). The bones, nails, 

hair and teeth usually contain much higher levels, similarly to the spleen tissue 

(Bai and Hunt, 1996a). Because the bone boron increases with the boron 

ingestion and the concentration are maintained for a while after the intake of 

boron decreased, the bones may be a place for boron retention. As it happens 

with the retention of other minerals the homeostatic mechanisms assaulted by 

large amounts of ingested boron will increased the tissue boron levels.

Calcium fructoborate a natural product with therapeutic action

The recent development of calcium fructoborate opens new perspectives for 

the use of this substance as food supplement in combination with other minerals 

and vitamins. The literature does not have enough data on the favourable 

influence of this preparation on the plant and animal organism to convince the 

consumers of the advantages of using it in production. Calcium fructoborate is 

obtained by a method covered by a US patent of 1998, the specified method 

being modified and improved. It is produced by Van Drunen Farms (VDF), 

Illinois, USA with over 100 years of tradition in fruit and vegetables processing 

and in the production of food supplements from fruits and vegetables.

The compound as such is chemically synthesised but is can also be found in 

nature too being a chemical complex of the boron that can be found in fruits 

particularly in peaches and grapes. The product consists of about 3% boron, 5% 

calcium and 92% fructose. Due to this chemical composition fructoborate is an 

excellent carrier for calcium and this is why it is used by the plants in the 

transport metabolism of calcium in their fruits. The role of this compound in the 

cell biochemistry is yet to be revealed.

The theoretical and applied research conducted in the biochemistry 

laboratory of the Craiova University Faculty of Horticulture revealed several 

interesting biological traits of this product such as the anti-inflammatory and 

anti-fungal action.
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Calcium fructoborate may be used (in a concentrate form) as food 

supplement to alleviate the boron deficiency in humans. Why in a concentrate 

form? Because we would have to eat 10 kg grapes daily to meet the boron 

requirement. Why do we have to eliminate the dietary boron deficiency? 

Because:

- The boron is active in the mineral metabolism of bone and cartilage 

development, its deficiency causing osteoporosis (loss of bone calcium), 

osteoarthritis and rheumatoid arthritis. 

- The boron is promoting the synthesis of the sexual hormones and its 

deficiency might thus cause sexual dysfunctions and an increased incidence of 

the prostate and breast cancer.

- Recent surveys have shown that lower dietary levels shortened the life of 

Guinea pigs by almost 60%, which shows serious metabolic dysfunctions.

- The boron is also active in the mechanism of protection against the 

cellular reactive oxygen by stimulating the activity of some natural antioxidants 

(superoxydysmutase, ceruloplasmin, vitamin C). It also is active against 

osteosclerosis (favourable action in heart diseases)

All these metabolic activities of the boron in the human nutrition are well 

established and it is worth mentioning that we have no knowledge of an enzyme 

containing boron, but it is present in the cell, active participant in several 

biochemical compounds (tetralon – microbial antibiotic, boromycin –

antimicrobial and antiviral agent, glucoborate etc.).

Is boron toxic?

No admissible daily dose of boron has yet been determined. The analysis of 

the data available on human subjects and on animals suggests a daily 

requirement of 1-13 mg boron (WHO/FAO/IAEA, 1996). The persons eating 

adequate amounts of fruits and vegetables can accumulate up to 6 mg boron 

daily. The boron levels of the supplements (usually 1-3 mg day

-1

) are not toxic. 

The supplemental doses do not build up in the body. The toxicity studies of the 

boron relate to the boric acid, which has the highest toxicity for this element 

(LD-50 = 3.8 g body kg

-1

). The natural compounds of boron have a poor 

toxicity, about 100 lower than the boric acid. The sugar compounds of the 

boron, such as the calcium fructoborate, are practically non-toxic and the body 

quickly eliminate the excess. We must therefore do not mistake the boric acid 

(which otherwise has a moderate toxicity) with a natural boron compound (such 

as the calcium fructoborate) which is chemically a stable molecule in the 

cellular environment and which phosphorilates at carbon 6 of the fructose and 

which participates a cellular carrier without releasing free boric acid!

Boron has a low toxicity when given orally. The signs of toxicity in 

animals usually appear after the dietary boron level exceeds 100 µg g

-1

. A recent 

symposium on the effects of boron on health (1994) revealed that the boron has 

a low toxicity in rats, about 4000 mg kg

-1

 body. In mice and rats the threshold of 

toxicity (about 4500 mg boric acid kg

-1

 diet) displayed lesions in the testicle 
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cells and atrophy in males. No influence was observed on the growth of rabbits 

given 125 mg acid boric kg

-1

 body weight or of the mice given 450 mg acid 

boric kg

-1

 body weight. In humans the signs of acute intoxication include 

nausea, vomiting, diarrhoea, dermatitis and doziness (Linden et al., 1986). The 

signs of chronic boron toxicity include poor appetite, nausea, loss of weight and 

lower sexual activity, lower seminal volume and lower spermatozoa motility 

(Hunt, 1993). The infants given for a few weeks suzettes dipped in a preparation 

with borax and honey displayed hair loss, dry skin on places, anaemia and 

convulsions (Gordon et al., 1973). The convulsions stopped and the other 

abnormalities were alleviated when the use of the borax and honey preparation 

ceased. The ingestion of high boron levels induces riboflavinuria (Pinto et al., 

1978); thus the ingestion of high boron levels might exacerbate the 

consequences of a riboflavin-deficient diet. Currently the International program 

for world chemical safety is in the process of determining the daily amount of 

boron that may be ingested without hazards to the health.

CONCLUSIONS

In conclusion we may say that the use of the boron and of its combinations 

in food supplements is required in Romania too in order to eliminate the boron 

deficiency of the population, which will decrease implicitly the proportion of 

patients sick of osteoporosis, arthritis etc.
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