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Abstract

Realization of genetic potential of animal productivity in modern commercial livestock
breeding necessitates the use of various biologically active dietary additives to ensure animal perfor-
mance and homeostasis (R.R. Akhmedkhanova et al., 2010). The first such additives were feed anti-
biotics used since 1950s all over the world (R.I. Castillo-Lopez et al., 2017). However, it turned out
that the excessive and uncontrolled use of antibiotics adversely affects the body of animals and birds.
Microorganisms, when mutating, acquire resistance to antibiotics, thereby reducing the positive effect
of the drugs. In addition, their cumulative and toxic effects occur. Over time, this led to a ban on
the use of all types of feed antibiotics in the European Union (S.M. Alieva et al., 2017). After reveal-
ing the negative effects of feed antibiotics, a new tendency emerged in the world. That was a trend
towards complete or partial replacement of these drugs with probiotics, the living microorganisms
which are symbionts of the normal gut microflora. Probiotics are proven effective in growing young
farm animals of different species in the early postnatal period and now proboitics are increasingly
being used. In recent years, many scientists and practitioners of animal feeding have paid much at-
tention to phytobiotics, the plant-born bioactive substances (W. Windisch et al., 2006). The fact that
animals, including carnivores, when restricted in free walking, must eat green or at least dried plants
was an empirical knowledge that humanity acquired simultaneously with the beginning of animal
domestication. Targeted study on the impact of dietary bioactive plant-born compounds of different
origin on animal and poutry performance, and the development of standardized phytobiotic prepara-
tions for livestock, including complex phytobiotics, are in the focus during last two or three decades
(N.M. Kazachkova, 2017). Exterior and interior parameters are estimated in animals fed with dietary
green and dried plants, their mixtures, coniferous and herbal flour of various composition, plant
extracts, in particular essential oils, and phytobiotic complexes enriched with microelements and
probiotics (N.A. Tabakov et al., 2008). The main benefit of phytogenic additives in livestock breed-
ing is due to an improved feed digestibility, antimicrobial efficacy, the replacement of feed antibiot-
ics, and growth stimulation. Their anti-inflammatory effect, better feed conversion and higher feed
intake by animals are also noted (L.S. Ignatovich, 2017). Immune modulating plant-born fodder
supplements have a significant effect on animal and poultry health and performance characteristics
(B. Kiczorowska et al., 2017). High profitability of organic food production and animal and people
wellness as a world trend are also the factors determining the relevance of the development of highly
effective phytobiotics and their use in livestock and poultry farming.

Keywords: phytobiotics, probiotic, feed antibiotics, animal feeding, cattle, pigs, poultry,
productivity, homeostasis.



The application of feed additives in contemporary livestock and poultry
farming is required to prevent negative impact of certain feed and management
factors [1]. The latter, in particular, cause depression of the immune system, due
to which the livestock and poultry become more susceptible to different illnesses.
Furthermore, the activity of numerous physiological bodily systems is distorted,
which inevitably results in deterioration of the quality of products [2].

During the recent years, increased emphasis has been made on technolo-
gies based on comprehensive registration of crucial biotechnological factors and
adoptions from wildlife. For example, phytobiotics (the biologically active sub-
stances that possess antimicrobial properties) [3] can offer an alternative to syn-
thetic antimicrobial growth promoters. In contemporary studies, phytobiotics
(phytogenic food additives or herbal products) are defined as natural plant-based
additives that have varying impact on the body (antimicrobial, antiviral, im-
munomodulating, fungicidal or anti-inflammatory) and are used as animal feeds
with the purpose of increasing the productivity of livestock and the quality of
food products of animal origin [4, 5].

The goal of this survey is to study the contemporary usage of phytobiot-
ics in livestock feed based on analysis of scientific publications in the leading
Russian and international magazines, thesis databases, monographs and patents.

The history of a wide-scale application of phytobiotics in livestock and
poultry feeds is inextricably connected with the prohibition of all forms of anti-
biotic growth promoters in the EU. The excessive and uncontrolled usage of an-
tibiotic growth promoters negatively affects the bodies of livestock and poultry.
Mutating, the microorganisms become immune to antibiotics thus excluding the
positive effect of the drug [6\. Furthermore, antibiotics can build up in the body
resulting in increased toxic effect [7].

In 2004-2005, a new feed concept was developed in the European Un-
ion, which precludes the usage of antimicrobial growth promoters and envisioning
the usage of phytobiotics. The phytobiotics are divided into the following groups
based on biological origin, chemical composition and other attributes: herbs
(flowering, herbaceous and short-lived plants), spices (herbs with intensive odor
or taste, usually added in food), ether oils (volatile lipophilic compounds ob-
tained by cold pressing, steam or alcohol distillation) and resins (oleoresin, ex-
tracts obtained with the help of non-aqueous solvents). These substances can be
used as antimicrobial agents and should become available for usage in livestock
feeds [8, 9]. In a number of papers the authors underline the significant differ-
ences in the number of biologically active substances depending on geographical
area or plant harvesting time [10, 11]. For instance, ether oils obtained after
summer harvest have the highest antimicrobial activity immediately after flower-
ing [12-14]. Presently, the production of phytobiotics in EU countries has
reached significant amounts. Phytobiotics Futterzusatzstoffe GmbH is one of the
largest global producers of phytobiotics, which was founded in Germany in 2000.
The main product of the company is Sangrovit®, which is a natural plant-
derived feed additive designed to increase livestock productivity [15].

The antimicrobial [10, 13, 16-18] and immunostimulating [19-22] prop-
erties of plant-derived ether oils are at the center of focus. The antimicrobial
effect of 96 various ether oils has been analyzed, as well as 23 of their active
agents. It was demonstrated that cinnamaldehyde, thymol, carvacrol and eugenol
display the strongest antimicrobial activity against the strains of Escherichia coli,
Salmonella enterica and Listeria monocytogenes [23]. The positive effect of Origa-
num syriacum ether oil on productivity and histology of the intestinal tract of
poultry [24] has been determined, which is added to the diet of broilers in case
of thermal stress.



The antimicrobial activity of ether oils is not defined by the only mecha-
nism and is aimed at several goals in microbial cells [25, 26]. The ether oils can
destabilize and change the permeability of bacterial membranes [27-30]. These
changes result in the release of ions from the cell to the environment [31], and
in the change of proton gradient and depletion of intracellular reserves of adeno-
sine triphosphate [32, 33].

Unlike probiotics, the systemic impact of phytobiotics on the bodies of
livestock and poultry is attributable not only to the antimicrobial effect, but also
to their positive impact on digestive processes. The phytobiotics stimulate the
production of endogenous enzymes improving the digestibility and nutrient intake
of feed. Many of them act as natural flavoring agents stimulating feed consump-
tion, which has a positive effect on livestock productivity [34].

The phytobiotics have specific impact on the microbial composition of
the intestinal tract maintaining the optimal state of microbial flora [35]. The us-
age of phytobiotics stimulates digestive secretion and has positive impact on
morphofunctional characteristics of gastrointestinal mucosa. The better and more
efficient absorption in the small intestine results in reduction of valuable nutrient
loss. The risk of undesirable microbial population developing in the colon is re-
duced [36]. The positive impact of gel phytogenic feed additive on growth per-
formance, nutrient intake and morphological properties of the intestinal tract in
post-weaning pigs has been reported [37].

M. Mohiti-Asli at al. [38] compared the effect of two phytogenic mixtures
on growth and immune response of broilers. Adding oregano ether oil to the ratios
had a positive impact on productivity and immune function of broiler chickens. A
possibility of using plant-derived polyphenols to combat oxidative stress and in-
flammatory processes of agricultural animals is under consideration [39].

The phytobiotics are natural growth promoters (NGPs) and can become
a promising replacement for antibiotic growth promoters in contemporary live-
stock farming [40]. The different NGPs combined in a balanced mix effectively
combat the intrusion of pathogenic organisms and consequences of unfavorable
keeping conditions [41].

The simplest method of using phytobiotics is to add plants to livestock
feeds in their native or dry form. For instance, using fresh nettle and nettle meal
as feed for poultry can cover up to 20% protein needs, up to 60-70% vitamin
needs and up to 100% of needs in minor nutrient elements, and up to 30%
combined feed can be saved. The taste of eggs and poultry meat and their bio-
logical value also increase significantly [42]. The usage of grass meal made of
coroniferous saw-wort attributed to the increase of egg-laying capacity of white
Hungarian goose, the weight of eggs, conception rate, hatchability and hatching
out [43]. The inclusion of oak bark in broiler chicken ratios increased feed intake
and had no negative impact on the bodies of poultry, and usage of oak bark ex-
tract along with enzyme preparation stimulated digestion [44]. The silver fir co-
niferous meals are recommended for all livestock and poultry in winter and
spring season as an alternative to synthetic additives. Feeding fir meals to cows
during lactation stimulated the increase of lactation productivity, improvement of
vitamin content of milk and reproductive function and normalization of metabo-
lism [45]. During factory testing of Pikhtovit (Solagift LLC, Russia), which was
developed using silver fir needle extract, on cross-bred poultry, the broilers of the
test group demonstrated better hematological figures compared with the control
group, and body weight increased by 4% [46].

The data have been presented about usage of topinambur as a valuable
feed and medicinal crop. Topinambur is a natural immunomodulator, which acts
as a concentrator of inulin polysaccharide in combination with pectic substances,



vitamins, irreplaceable amino acids, macro and micro elements [47]. The effect
of aqueous extracts of Origanum vulgare L. and Rosmarinus officinalis L. on the
immune system, microbial population of the intestinal tract and productivity of
broiler chickens has been studied. The extracts of these herbs increased the im-
mune resistance of broilers, brought the microbial population of the intestinal
tract into balance, which is required for digestive processes and protection
against enteropathogenic microorganisms, and improved the productive qualities
of poultry [48].

The introduction of multiple-component feed additives in the ratios of
laying hens consisting of stinging nettle meal (0.3-1.0%), mountain pine fir nee-
dles (0.2-1.0%), laminaria (0.5 %), ginger plant (0.5-1.0%) and common yarrow
(0.5-1.5%) turned out efficient for enrichment of rations with nutrient and bio-
logically active substances [49].

When growing broilers, the addition of Cinnamomum cassia L. powder in
the amount of 0.5 % per ration weight [50] can be used as phytobiotic alterna-
tive of antibiotics. An additive from Punica granatum L. improved the immune
system and microbial ecosystem of the intestinal tract of broilers along with the
reduction of emission of gas with litter [51]. Boswellia serrata Roxb. ex Colebr.
resin is also considered safe and efficient biological additive for broilers positively
affecting poultry productivity [52].

The application of Thymus serpyllum L. as phytogenic feed additive in
pig farming facilitates the intoxication levels, stress-inducing impact on the im-
mune system, stabilizes the endoecological situation and balance of gastrointesti-
nal microbial population in the intestinal tract, increases feed attractiveness and
intake, and absorption efficiency of essential nutrients, and in general stimulates
the improvement of nutritional status of livestock, their optimal development
and realization of their genetic potential [53].

FEchinacea purpurea (L.) Moench is characterized by high biological
plasticity, adaptivity, ecological sustainability, productive longevity, feed and
medicinal properties, and stable fruit bearing [54]. During tests conducted on
broiler chickens using FEchinacea purpurea (L.) Moench, a 19.4 % growth in-
tensity increase was identified as compared with the control group. The biggest
effect was achieved by combining Echinacea purpurea (L.) Moench with Lacto-
bifadolum. The usage of these agents as a whole increased live body weight gain
by 20.9% during the entire period of chicken incubation, reduced feed costs by
17.3% and ensured 100% preservation of livestock population [55]. When
aqueous alcoholic extracts of aboveground parts, roots and whole FEchinacea
purpurea (L.) Moench were added in the drinking water, the daily weight gain
of broiler chickens increased by 3.3-12.5%, and feed costs decreased by 5.2-
9.2% as compared with the control group [56]. An indication is made regard-
ing a possibility of using Cichorium intybus L. as a feed additive to increase
poultry productivity [57]. The positive effect was noted of Florabis phytobiotic
agent (IPC Abis LLC, Russia), which is based on a complex of triterpenic acids
of Siberian fir with cobalt ions, at a dose of 0.002 ml - units!-day! on bio-
chemical and immunological indicators of blood of broiler chickens of ISA F 15
cross-breed, digestibility and nutrient intake of combined feed [58].

As a rule, complex preparations have a more pronounced effect than
each component individually. In this regard, the data about research of complex
plant-derived concentrates with a probiotic based on Bacillus subtilis [59] bacte-
rium are of interest. The sea buckthorn leaves fermented with a probiotic agent
are used as a phytobiotic, as well as a mixture of Echinacea purpurea (L.)
Moench herb with berries of Silybum marianum. The preparation in the form of a
ProStor (CV-AgroTrade, Russia) biologically active additive (BAA) additionally



contains an association of Bacillus licheniformis bacteria, lactobacilluses, prebiotics
mannan-oligosaccharides of cell walls of Saccharomyces cerevisiae yeast and beet-
root pulp pectins. Feeding the complex plant-driven concentrate (sea buckthorn
leaves) with a probiotic on the basis of Bacillus subtilis to lactating highly pro-
ductive cows had a positive effect on milk productivity of livestock with reduced
feed cost per product unit [59]. The live body weight of bulls receiving ProStor
BAA at the age of 15-17 months was 13.5 kilos (3.1%) higher than that of the
bulls in the control group by the end of the feed. The cost of energetic feed unit
was lower by 7% in the test group as compared with the control group [59].

The addition of L-arginine Pro (Russia) contains a bioactive fir needle
extract of Scots pine enriched with L-arginine. The feeding of ratios containing
this additive in the amount of 1 g/100 g of combined feed ensures stable and
intensive growth of rearing birds, facilitates the increase of egg-laying capacity of
laying hens by 46.8%, egg weight by 4.7 g, increase of morphological indicators
and egg quality [60].

The usage of bioactive substances of Volgograd Institute of Cattle Farm-
ing and Livestock Product Processing RAS (Russia) Laktofit (a composition of
bioactive substances of topinambur, beetroot, carrot, pumpkin, milk thistle,
chickpea with a concentration of lactulose and malic acid) and Lactoflex (a
composition of bioactive substances of dandelion, mint, licorice, calendula,
pumpkin seeds, milk thistle, chickpea with a concentration of lactulose and
malic acid) enables body weight increase of laying hens, improvement of mor-
phological and biochemical blood composition, increase of weight and linear
indicators of reproductive organs of test birds and hatching out of healthy rearing
birds [61].

Intebio natural substitution of antibiotic growth promoters (previously
manufactured as Mix Oil, Biotrof" LLC, Russia) is a mixture of natural ether
oils that has antimicrobial activity, antioxidant effect and anti-inflammatory ef-
fect. The introduction of Mix Oil phytobiotic agent in the ratios of brood sows
had a positive impact on their preparation for farrowing. During the suckling
period, the additive accelerated the growth of piglets and increased their livabil-
ity. In the test group the daily live weight gain of piglets increased by 16.5% and
feed costs per 1 kilogram of weight gain were 0.72 feed units lower as compared
with the control group [62].

The usage of Provitol phytoprobiotic (Biotrof LLC, Russia), which in-
cludes living bacteria and compositions of ether oils extracted from plants with
antioxidant properties in the ratios of freshly calved cows stimulated the increase
in rough feed edibility and significant increase of milk productivity during days
in milk (63). When determining the efficiency of Provitol phytoprobiotic in
combined feed for laying hens containing novel corn, the age-specific decrease
of productivity by 2.9% is determined in the control group, which was facili-
tated by poultry transition to novel corn. At the same time, in this context the
addition of Provitol in combined feed for test group hens increased the egg-
laying by 2.8% as compared with the previous month, and by 7.6% during the
second productivity phase as compared with the control group [64].

The lab research and production tests have proven the synergistic effect
of ether oils and organic acids that are included in Liptosa Premix Expert (Lip-
idos Toledo, S.A., Spain) preparation when used to inhibit clostridium, salmo-
nella and Escherichia coli. The ether oils of thymol, carvacrol, eugenol are used
as strong antiviral, anti-infectious, bactericidal and immunostimulating drugs.
The sensibility of clostridium, salmonella and Escherichia coli in anaerobic con-
ditions to thymol, carvacrol and oregano oil [17, 32, 33, 65] has been proven.

The production testing of Meth Plus phytobiotic (Levet-Agro LLC, the



Republic of Belarus) developed as alternative synthetic methionine was conduct-
ed in Hy-Line cross-breed chickens at the breeding stage. The poultry receiving
Meth Plus in their ratios exceeded the standards in terms of body weight gain,
and herd uniformity exceeded 80% (66). When conducting tests on Pietrain pigs,
1 kilogram of DL-methionine was replaced with a similar quantity of Meth Plus
phytobiotic, as a result of which the livestock of one group demonstrated the
highest daily live weight gain and the best feed conversion ratio and slaughter
parameters as compared with the test livestock [66].

The activity of Biost-rong® 510, (Delacon Biotechnik GmbH, Austria)
is conditioned on flavoring agents, anisic acid and glucuronic acid, saponins,
thymol, borneol, carvacrol that stimulate biocatalytic and enzymatic process in
the intestinal tract of poultry. It has been determined that Biostrong® 510 ena-
bles replacing antibiotic growth promoters, which ensures high digestibility and
usage of main nutrients of combined feeds and livability [67].

Digestarom® 1317 (Micro-Plus Konzentrate GmbH, Germany) phyto-
biotic additive is a combination of spices, plant extracts and their ether oils that
have a combined effect on livestock and poultry appetite. It has been determined
that usage of this additive as a combined feed for goslings raised for meat facili-
tates the increase of livability, poultry live weight, increased meat qualities in the
context of better digestion of feed components and reduction of costs per unit of
products. The most effective additive feeding dosage is determined as follows: 20
g/100 kg of combined feed [68, 69].

Sangrovit® WS (Phytobiotics Fut-terzusatzstoffe GmbH, Germany)
phytobiotic stimulates the consumption of feed and facilitates better functioning
of digestive system of poultry. The primary active ingredient of the phytobiotic
is contained in the Macleya cordata (Willd.) extract: 2.0-4.0% in dry leaves and
stalks. The live weight of broilers receiving Sangrovit® WS from day 17 until
day 21 of breeding at a rate of 100 g/t of water increased by 1.5%, and those
receiving this agent from days 17 to 21 and from days 27 to 30 of breeding in-
creased by 2.0% as compared to the control group. The livability of chickens
from test groups during 35 days of raising was 1-4% higher as compared to the
control group [70].

Liv 52 Vet (The Himalaya Drug Company, India) phytobiotic contains
powders of different medicinal herbs (caper, blue dandelion, black nightshade,
Terminalia arjuna, Cassia occidentalis, common yarrow, Tamarix gallica) and
extracts of a mix of botanical raw materials (Eclipta alba, Phyllanthus niruri,
spreading hogweed, Tinospora cordifolia, garden radish, medicinal emblica,
plumbago, Embelia ribes, Terminalia chebula, Fumaria officinalis). During surveys
conducted when feeding livestock with this phytobiotic agent the immune system
activation of parent stock geese was observed: the phagocytic activity increased
by 3.34-7.34%, the phagocytic number and index were respectively higher by
22.51-37.13 and 14.23-18.37% compared to the control group [71]. The usage of
Liv 52 Vet additive in a dose of 200 and 250 g/t combined feed had im-
munostimulating effect on the bodies of broiler goslings, facilitated the stimula-
tion of phagocyte functions and increased resistance to disease, which in turn
resulted in increased livability of poultry [72].

An option is considered to use plant-derived agents to produce function-
al eggs. For instance, natural carotenoid pigments for poultry are obtained from
medick, carrot, pumpkin, calendula petals. Oro Glo® 20 (Kemin Europa N.V.,
Belgium), which contains an extract of calendula petals, is used in a dose of
200-1000 g/t of combined feed to amplify the intensity of color of chicken egg
yolk and accumulation of carotenoids in them [73]. It is recommended to use
agents with carotene-containing (manufactured by Biocol Agro, Russia) Yellow



Biofon (natural pigment obtained from an extract of marigold petals) and Red
Biofon (obtained from an extract of red pepper fruit) in the doses, respectively,
of 600 and 500 g/t, and to achieve a brighter yellow yolk it is recommended to
add doses of 300 and 600 g/t of feed [74] to increase nutrient properties of quail
eggs in the context of insufficient amount of carotinoids in the feed.

The usage of phytobiotics wholly corresponds to the ideology of clean
agricultural production and the tasks of improving the quality of life of people.
The insignificant scope of phytobiotic usage in the Russian animal husbandry is
due to the underdeveloped market of domestic products of this group, high price
of imported phytobiotic feed additives, and lack of prohibition to use antibiotic
growth promoters in Russia.

Therefore, comprehensive study of properties of plants containing phy-
tobiotic components, the use of cutting-edge technologies to obtain and stand-
ardize these components, their experimental and production testing enable a
wide usage of plant-derived extracts as biologically active last generation addi-
tives based on natural raw materials. In the context of intensive animal husband-
ry technologies, the phytobiotics recover reduced immune and antioxidant status
of livestock, and ensure increase of all types of productivity due to consumption,
digestibility, nutrient intake of feeds and normalization of intestinal microbial
population and homeostasis in general.
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