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In modern conditions of animal production, involv-
ing the use of specialized breeds, usually high produc-
tivity and improved reproductive function of animals is 
mainly achieved via their adequate nutrition. However, 
it is necessary to consider the level of providing the an-
imals with metabolic energy, nutrients and biologically 
active substances, since the excess or shortage of the 
mentioned substances leads to metabolic disorders or 
decrease in the productivity. It is especially important 
to provide a regular intake of essential microelements, 
required for normal life activity, into the organism. It is 
common knowledge that high biological activity of mi-
croelements is related to their participation in the syn-
thesis of vitamins, hormones, to the role of activators 
and structural units in the molecules of the enzymatic 
systems. Trivalent chromium (Cr(III)) is one of vital 
and essential elements for animals, as it participates in 
the regulation of carbohydrate, lipid, and protein ex-
changes in the organism of animals [1]. However, this 
microelement is not standardized in Ukraine. Due to 

insuf  cient intake of chromium, the organism of ani-
mals has metabolic disorders, the symptoms of which 
are similar to those, observed for diabetes and cardio-
vascular diseases of humans [2]. It is also known that 
Cr(III) activates enzymes and stabilizes proteins and 
nucleic acids, promotes the growth and regeneration of 
tissues, improves immunity, and impacts the blood for-
mation processes [1].

Natural feedstuffs, used to feed farm animals, contain 
1,000–3,000 g Cr/kg of feedstuffs. Here the changes 
in the glucose metabolism are observed in the organ-
ism of animals, when only 200 g Cr/kg of the ratio 
are added, i.e. much less compared to its content in 
natural feedstuffs. This is conditioned by insuf  cient 
consumption of chromium from natural feedstuffs and 
its intensive removal from the organism in stressful 
conditions [3].

The concentration of Cr( ) in the tissues of animals 
decreases considerably with age: in some tissues – dur-
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ing the period of intensive growth, while in others – 
during critical physiological periods. In the conditions 
of intensive growth of animals, there is chromium de-
 ciency in their organism, which leads to metabolic 

disorders. The homeostasis of Cr( ) in the organism 
of animals is considerably impacted by stress factors, 
stimulating its removal [3]. Technological stresses are 
potentially scheduled in animal production  re-group-
ing of animals, transporting, prophylactic immuniza-
tion, the change in ratio, etc. – which condition the de-
 ciency in Cr( ) in their organism. The de  ciency in 

Cr( ) takes place in case of the high glycemic index 
of the ratio, lactation, infections, and physical injuries 
of animals.

As for pigs, glucose usually penetrates the organism 
with the feedstuffs. The mixed pig feed contains 60–85 
% of cereal grain, which mostly contains carbohydrates 
in the form of starch – the source of glucose for pigs. 
Thus, the impact of the additives of Cr( ) to the ratio 
of pigs on glucose metabolism in their organism and 
the sensitivity of the cells to insulin was studied [4]. 
The increased level of glucose decreased in the blood 
of pigs, fed with 200 g Cr/kg of the feed in the form 
of chromium picolinate. Here the animals had an evi-
dent increase in the sensitivity of tissues to insulin, and 
the sowing pigs – in their reproductive ability. Using 
experiments on piglets, other researchers demonstrated 
chromium-induced changes in the glucose level and the 
insulin response at the impact of chromium picolinate 
and propionate. Following the results of many studies, 
since 1990 chromium is added to the ratio of pigs in 
the USA.

The studies, conducted at the Institute of Animal Bi-
ology, NAAS, using 30–90-day-old White Large pig-
lets, established that the addition of chromium chloride 
in the amount of 250 g r/kg of mixed feed leads to 
the increase in insulin concentration in the blood of 
animals [6]. It is known that a biologically active form 
of chromium – chromodulin – acts as a part of insulin 
signal transduction system, as it bonds to the insulin 
receptor, supports its active conformation, stimulates 
the receptor-kinase activity and ampli  es the hormone 
signal [1]. The increase in insulin concentration and en-
hancing its effect on the impact of chromium leads to 
the decrease in glucose concentration via the activation 
of processes of glucose use in cells [6].

It was determined that while feeding piglets with the 
inorganic form of chromium chloride in the amount of 
250 g Cr/kg of the feed, there is a decrease in the con-
centration of lipid hydroperoxides, TCA-active pro-

ducts of peroxide oxidation of lipids in blood along 
with the increase in the activity of the enzymes of the 
antioxidant system – superoxide dismutase, catalase, 
and glutathione peroxidase [6].

The Institute also had another study on the impact 
of the organic compound of chromium (250 g/kg) in 
the form of naturally synthesized biocomplexes, which 
are a part of the cultural medium of Saccharomyces 
cerevisiae yeasts, previously incubated with different 
chromium compounds – Cr6+ and Cr3+ [7]. It was de-
termined that the introduction of the cultural liquid, 
containing chromium biocomplexes, into the ratio of 
piglets affects the protein exchange processes in their 
blood, resulting in the increased concentrations of the 
total protein in the blood of animals of both experimen-
tal groups. This is conditioned by the fact that Cr(III) 
enhances the effect of insulin, which, in its turn, stimu-
lates the protein anabolism in the cells. In addition, the 
animals of both experimental groups demonstrate the 
decrease in the content of urea and glucose in the blood, 
the increase in the activity of the enzymes of lactate 
dehydrogenase, catalase, and glutathione peroxidase, 
and the content of reduced glutathione in blood eryth-
rocytes. Therefore, the results obtained give grounds 
for the assumption on the use of products of yeasts ac-
tivity, rich in biocomplexes with chromium, as sources 
of Cr(III) in the ratio of pigs. 

The positive effect of chromium picolinate additives 
on the organism sensitivity to insulin was also demon-
strated in  nishing pigs [8]. Here the impact of Cr(III) 
additives to the ratio of pigs on the regulatory effect of 
the growth hormone was revealed. It was demonstrated 
that porcine somatotropin increases the level of glucose 
and insulin in the blood of pigs, whereas chromium 
normalizes their concentration in blood.

Our studies revealed that the addition of 400 g Cr/kg
in the form of chromium chloride in the ratio of  n-
ishing pigs leads to the intensi  cation in the glyco-
lytic way of transforming glucose in the organism of 
 ve-month-old piglets, the stimulation of antioxidant 

protection – the increase in the activity of the enzymes 
of superoxide dismutase, catalase, glutathione peroxi-
dase, the concentration of reduced glutathione, vitamin 
E, and insulin [9], the increase in the content of 20 – 

22-polyunsaturated fatty acids in blood plasma [10].
There are data about the increase in the ef  ciency of 

insulin effect at the addition of chromium picolinate 
to the ratios of periparturient sows and weaned piglets 
in order to mitigate the negative effect of the weaning 
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stress and etiologic factors [11]. The stress, conditioned 
by the weaning of piglets, prevents their formation of 
active immunity, which leads to the decrease in their 
organism resistance. Therefore, there are active studies 
on the impact of chromium on the organism of piglets 
during their being weaned from the reproducing sows. 
For instance, the mixed feed for piglets was added 
chromium picolinate in the amount of 200, 400, and 
800 g/kg for seven weeks [12]. The piglets were im-
munized two and  ve weeks after weaning. It turned 
out that the addition of 400 g Cr/kg of the feed led 
to the increase in the gain in the  rst four weeks after 
weaning. The titers of antigen-speci  c antibodies in-
creased in the blood of piglets along with the amount 
of IgG six weeks after weaning, and the amount of 
IgM – during the whole period of studies. There is also 
an observed tendency to the activation of phytohemag-
glutinin-induced blastogenesis process of mononuclear 
cells of peripheral blood at the beginning of the wean-
ing period.

The studies, conducted at our Institute using repro-
ducing sows, fed with the mixed feed with the addition 
of chromium chloride in the amount of 300 g Cr/kg of 
the feed, established the increase in chromium content 
in their milk and enhancing of the haematopoietic func-
tion of the organism and their immunobiological reac-
tivity in the  rst month of young piglets [13]. It was 
determined that at the age of 5 and 20 days the concen-
tration of immune complexes, circulating in the blood 
of the experimental group piglets increases 1.4-fold 
compared to the control. In addition, there is a tendency 
to the increase in phagocyte activity of neutrophils and 
the complementary activity of the blood serum of the 
experimental group piglets under the impact of chro-
mium, compared to the animals in the control group.

Our experiments demonstrated that the introduction 
of the organic compound of chromium citrate, syn-
thesized by the nanotechnological method, into the 
ratio of reproducing sows in the amount of 0.5 g 
Cr/kg of the bodyweight leads to the increase in the 
content of total protein in their blood on the 5th and 
20th day after the farrowing. The impact of chromium 
citrate in the amount of 2 g Cr/kg of the bodyweight 
leads to the increase in the level of total protein both 
in the blood of the sows on the 5th day after the far-
rowing, and in their 20-day-old piglets [6].

The works of other authors demonstrated that the 
impact of chromium leads to the ef  ciency of feed 
consumption in pigs. In addition, the introduction of 
chromium picolinate to the ratio of pigs leads to the 

20 % enlargement of the thickness of the muscle layer 
and the 25 % decrease in the fat layer in the area of the 
10th rib [14].

Chromium also affects the reproductive function of 
pigs. Pregnancy is a physiological stress for reproduc-
ing sows as in this condition they may develop the im-
pairment of the control over the level of glucose, which 
is restored after the birth of piglets. Frequent farrowing 
is a reason of the decrease in the chromium content in 
the organism, so reproducing sows need some time to 
restore its supply. The studies, conducted in the Neth-
erlands, demonstrated that the level of glucose in the 
blood of sows is high after consuming feeds at the end 
of pregnancy and does not get stabilized after farrow-
ing. In these conditions, there is a high mortality rate 
of piglets during  rst seven days after their birth [15].

The generalized results of experiments using 48,000 
sows and over a million of their piglets con  rm the di-
rect impact of chromium on the reproductive function 
of pigs [16]. There is an evident increase in the number 
of piglets, born (0.22 piglets/farrowing), the number of 
alive piglets (0.37 piglets/farrowing), and the decrease 
in the stillborn piglets (0.05 piglet/farrowing) and 
mummi  ed fetuses (0.10 piglet/farrowing).

The work, performed at the Institute, con  rms that 
the addition of 300 g/kg chromium chloride to the 
feed of sows leads to the 10.3 % increase in the number 
of piglets at birth. The weight of the litter of the experi-
mental  ve-day-old piglets increased by 15.9 %, and 
their average gains – by 6.2 %. The weight of the litter 
of 20-day-old piglets increased by 29.9 %, and the av-
erage gains – by 10.8 %. The survival of experimental 
20-day-old piglets increased by 12.3 % and amounted 
to 96.5 % [6].

It is believed that the addition of chromium to the 
ratio restores the tissue sensitivity of sows to insulin. At 
the same time, insulin enhances the effect of luteinizing 
hormone and stimulates ovulation in sows [17]. This 
is in agreement with the results of studies, conducted 
in Brazil, according to which the addition of 200 g 
Cr/kg of the feed in the form of chromium picolinate 
to the ratio of sows increased the number of ovarian 
follicles in the ovaries (up to 17.1 against 16.5 in the 
control), accelerated the growth and development of 
viable embryos in the middle of the gestation period 
(14.0 against 12.7) and stimulated the survival of em-
bryos (81.9 against 77.0 %) [18]. It was demonstrated 
that the amount of follicular estradiol and progesterone 
in the blood of sows after their  rst farrowing increases 
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after the insulin injection during  ve days after wean-
ing [19]. Other researchers state that the additional in-
troduction of chromium picolinate in the ratio of preg-
nant sows causes the increase in the level of oxytocin 
and progesterone in blood [11].

The dependence between the level of glucose in blood 
and the reproductive function in pigs is well-known, 
but the impact of insulin on the reproductive function 
in pigs has been recently discovered [20]. It is believed 
that the addition of Cr(III) to the ratio of pigs affects 
the metabolic effects of insulin/glucose and stimulates 
their impact on reproduction [18]. Chromium increases 
the fertility of reproducing sows. At the same time, the 
impact of the addition of Cr(III) to the ratio of sows on 
the metabolism in the organism of piglets is yet to be 
studied in  ne detail. Generally, pigs have a positive 
response to the addition of chromium to the ratio, as 
the reproductive ability of reproducing sows, the resis-
tance, and intensity of growth of piglets are the main 
factors, determining the pro  tability of pig production.

The necessity of dosing chromium for cattle was es-
tablished by the US National Scienti  c Board with the 
consideration of the fact that feeds, used for farm ani-
mals, contain the suf  cient amount of Cr( ). However, 
the studies on cattle and other species of animals in 15 
recent years demonstrated that the addition of Cr( ) 
to the ratio affects metabolic processes and productiv-
ity. At present, chromium propionate in the amount of 
up to 0.50 mg Cr/kg of dry ratio substance is allowed 
as the source of Cr(III) in the USA as an additive to 
the feeds. The works of some authors demonstrate that 
the addition of chromium propionate in the doses of 
0.47, 0.94, and 1.42 mg Cr/kg of dry feed substance 
to the ratio of heifers affects glucose metabolism. The 
concentration of glucose in the blood of heifers of ex-
perimental groups was lower than that in the blood of 
control animals. It was proven that the need of heifers 
for Cr(III) in the growth period does not exceed 0.47 
mg/kg of dry feed substance [21].

It was con  rmed that Cr( ) affects the sensitivity of 
tissues to insulin in cows during the lactation period, 
as the resistance to insulin increases at the end of preg-
nancy and lasts during the early lactation period both in 
dairy [22], and meat breeds [23].

The scientists of our Institute revealed that the intro-
duction of chromium citrate (30 g Cr/kg of dry feed 
substance) to the ratio of cows in combination with 
selenium citrate (25 g Se/kg of dry feed substance) 
promotes the increase in the activity of antioxidant 
enzymes, the increase in the concentration of retinol 

and -tocopherol, and the decrease in the formation of 
the products of peroxide oxidation of lipids. The con-
tent of retinol and -tocopherol in the milk of cows 
increases, and the milk yield increases by 2.8–9.3 % 
as well [24]. 

It is known that the period, starting with the 21st day 
prior to the delivery till the 21st day after the delivery, is 
metabolically critical for highly productive dairy cows. 
Most experiments involving the introduction of Cr( ) 
to the ratio of dairy cows have been conducted dur-
ing this period. It was established that the introduction 
of 0, 0.03, 0.06, and 0.12 mg of chromium methionate 
per 1 kg of bodyweight to the ratio of cows leads to 
the increase in the feed consumption and the amount 
of milk, fat, and lactose during this critical period [25]. 
There are also some data [26] proving that the addition 
of chromium methionate in the dose of 0.08 mg per 1 
kg of bodyweight to the ratio of cows during critical 
periods leads to the increased consumption of feeds, 
containing barley as a source of grain, contrary to the 
ones with corn. 

It was determined that the addition of chromium-con-
taining yeasts (4 mg Cr/day) in the middle of the lacta-
tion period of cows in heat stress conditions increase 
feed consumption by 1.6 kg and milk yield – by 3.3 kg 
per day [27]. The addition of chromium picolinate for 
milkers in heat stress conditions during early lactation 
also leads to the increased consumption of feeds and 
the milk yield [28].

The addition of Cr( ) to the ratio of cows may also 
improve the functioning of the immune system and 
reproduction. For instance, the addition of chromium 
(0.5 mg per 1 kg of dry feed substance) in the form of 
a chelate with aminoacid activates the concanavalin A-
induced process of the blastogenesis of lymphocytes in 
cows [29]. Chromium addition prevents the decrease in 
this reaction, observed in control cows during the sec-
ond week of pregnancy. The addition of 5 mg Cr/day 
to the ratio of cows led to the increase in the process 
of the formation of antibodies in the organism after the 
introduction of tetanus toxoid to dairy cows [30].

The works of other authors demonstrated that after 
the addition of chromium methionate (in the doses 
from 0 to 6.25 mg/day) to the ratio of dairy cows there 
was a decrease in the concentration of unesteri  ed fatty 
acids (0.60 against 0.68 mmol/l) in blood from day 7 to 
day 10 of pregnancy and the increase in their mating 
during the  rst 28 days after the delivery (50.0 against 
39.2 % in the control) [31].
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The works of the scientists from the Institute of Ani-
mal Biology demonstrated that while feeding pedigree 
bulls with chromium chloride for two months in com-
bination with selenium methionate, there was improve-
ment in quality indices of sperm and its resistance 
along with the increase in the activity of succinate de-
hydrogenase and cytochrome of c-oxidase, the content 
of total protein and -globulin fraction by 18.3 % on 
the 90th day of the studies [32].

It was established that feeding bulls with chromium 
chloride, chromium methionate, and chromium nico-
tinate for three months during the preweaning period 
promotes the increase in the intensity of bodyweight 
gain by 4.1, 6.3, and 6.6 % respectively [33]. 

There was considerable interest to chromium due 
to experimental con  rmation of its positive impact 
on the physiological condition of calves in stressful 
conditions. In particular, it was established that the 
addition of Cr( ) to the ratio of calves decreases the 
frequency of diseases during transportation, which 
occur due to transporting stress [34]. The stress in-
duces the increase in the concentration of cortisol in 
the blood of calves, which is known to inhibit the 
immune function. The introduction of chromium to 
the ratio of calves after the stress leads to the de-
crease in the concentration of cortisol in their blood 
serum [34]. It was demonstrated that the addition 
of Cr(III)to the ratio of calves in the dose of 200, 
500, or 1,000 g/kg in the form of yeasts led to the 
increase in their gain by 29 %, the feed digestibili-
ty – by 15 %, and the content of cortisol in blood 
serum decreased linearly along with the increase in 
chromium dose [34].

CONCLUSIONS

The generalization of the literature data and the 
results of our own work indicate the urgency of us-
ing chromium compounds in the nutrition of pigs 
and cattle. The recommendations of scientists from 
Europe, the USA, and Canada, as well as the recent 
conclusions of experimental studies of Ukrainian au-
thors testify to the fact that chromium is an essential 
microelement for humans and animals. However, the 
issue of using chromium compounds in the nutrition 
of farm animals requires further studies. The dosing 
of chromium for speci  c species of farm animals has 
not been stipulated in the domestic nutrition system 
yet. However, low toxicity of chromium compounds 
and high metabolic and productive effects for animals 
of most species opens a perspective of the approval 

for the use of tested compounds of Cr( ) in the nutri-
tion of productive animals.

The analysis of the presented data allows for a con-
clusion that farm animals are capable of responding to 
chromium addition to the ratio by changes in metabo-
lism and productivity. Chromium has a positive effect 
on the growth, development of fetus of both pigs and 
cattle and stimulates the metabolism of glucose and in-
sulin. Thus, the addition of Cr( ) to the ratio of ani-
mals is experimentally proven. However, the determi-
nation of a need of farm animals for chromium requires 
the consideration of its low availability in the feeds as 
well as increased removal of Cr( ) from the organ-
ism, including the one due to the stress. It should also 
be considered that the content of Cr(III) in the organ-
ism of animals decreases considerably with age, during 
pregnancy and lactation.

Therefore, the expansion of experimental studies 
with the purpose of the further study of metabolic ef-
fects of the compounds of Cr( ) in the organism of 
pigs, cattle and other species of animals is urgent and 
scienti  cally grounded.
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