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ABSTRACT

Nowadays, a modern trend of the animal husbandry is to increase the reproductive potential of livestock
and poultry. There is a large interest worldwide in discovering new and safe non-hormonal biologically
active substances obtained from natural sources, which could substitute the synthetic hormones. The
positive influence on reproduction in livestock of the biologically active substances of natural origin
such as isoflavones, carotenoids, minerals, phytohormones, PUFAs, etc. represent a potential
alternative. These substances are derived from various plant sources and micro and macro algae as well.
In addition, those substances could provoke positive changes in animal reproduction practices,
corresponding to the modern EU requirements for quality and safe for the human health nutrients. The
present mini-review summarizes the known in respect of the trend of substitution of the hormonal ones
and outlines the potential non-hormonal additives in livestock husbandry.
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INTRODUCTION

Satisfying increasing and rapidly changing
demands for food products of animal origin,
while at the same time sustaining the natural
resource base (soil, water, air, and
biodiversity), is one of the major challenges
facing world agriculture today. A growing
global population, combined with factors such
as changing socio-demographics, will reinforce
the world’s resources to provide not only more
but also different types of food.

According to UN data, the global population
growth is foreseen to be of 50 % since 2000 to
almost 10 billion by 2050 (1). However, it is
generally accepted that animal-based foods
produce higher levels of greenhouse gases
(GHG) than plant-based foods and these are
associated with climate change (2) — a problem
of a significant matter for modern society.

There has been an increasing pressure on the
livestock sector to meet the growing demand
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for high-value animal protein. The world’s
livestock sector is growing at an unprecedented
rate and the driving force behind this enormous
surge is a combination of population growth,
rising incomes and urbanization. Annual meat
production is projected to increase from 258
million tonnes in 2005-2007 to 374 million
tonnes by 2030 (3).

Livestock production is the world's largest user
of land, either directly through grazing or
indirectly through the consumption of fodder
and feed grains. Globally, livestock production
currently accounts for some 40 percent of the
gross value of agricultural production. In
industrial countries, this share is more than
half. In developing countries, where it accounts
for one-third, its share is rising quickly;
livestock production is increasing rapidly as a
result of growth in population and incomes and
changes in lifestyles and dietary habits.
Livestock products provide one-third of
humanity’s protein intake, and are a
contributing cause of obesity and a potential
remedy for undernourishment (4).

Growth in the livestock sector has consistently
exceeded that of the crop sector. The total
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demand for animal products in developing
countries is expected to more than double by
2030 (5).

Meeting these challenges raises crucial global
and national public policy issues that must be
addressed. In this point of view the animal
breeding, feeding and reproduction are of
crucial interest. In the present review paper, we
demonstrated that non-hormonal feed additives
are a potent alternative influencing animal
reproductivity.

Reproduction

In order to achieve sustainability in any
livestock production system - milk, meat, draft,
and replacement animals an efficient
reproductive performance and monitoring are
imperative. In this regard, one of the most
important tasks of modern animal husbandry is
to increase the reproductive potential of
livestock (6). Indeed the reproductive success
in livestock is assumed as essential for the
economic benefits of producers and affects the
cost of the animal products. In many livestock
production systems, poor fertility is a major
factor that limits  productivity. The
reproductive performance is under
continuously investigation (7). Numerous of
the research data increases our knowledge of
the fundamental biology of reproduction,
which reinforces the development of state-of-
the-art management strategies that optimize
reproductive  efficiency and  minimize
economic loss.

It has to be noted, that inefficient reproduction
in livestock may be caused by various factors
including: abnormal or absent reproductive
cycles; failure to show estrus (heat); embryonic
and fetal loss and mortality during the neonatal
period; failure to reach puberty at an optimum
age or an inability of young females to
conceive early in the breeding season;
environmental stressors such as temperature
extremes or changes in photoperiod (day and
night cycle), or production of sperm with a low
potential for fertilization (8).

In order to improve reproduction conventional
techniques are widely used in addition to
modern reproductive technologies, which
broad the reproductive performance in various
domestic species of livestock. Scientists
applied the modern biotechnologies in
studying and manipulating the reproductive
process both in vitro and in vivo.
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The induction and synchronization of heat in
the case of small ruminants is often done with
treatments based on exogenous hormones.
Progesterone, or equivalent substances, is the
most commonly used hormones for the estrus
synchronization of cattle (9, 10). Hormonal
interventions have been used to increase the
probability —of estrous detection and
insemination, and to increase pregnancy rates
of dairy cattle under a variety of management
systems (11). Fries et al. (2010) reported
successful induction and synchronization of
ovulation in sows using a gonadotropin-
releasing hormone analog with reduced estrus
length and the interval between estrus onset
and ovulation. In brief, the hormones used to
control the estrous cycle mimic the
reproductive hormones (11).

Heat stress affects the fertility and reproductive
livestock performance by compromising the
physiology  reproductive  tract, through
hormonal imbalance, decreased oocyte quality
and poor semen quality, and decreased embryo
development and survival.

The effects of heat stress on livestock can be
minimized via adapting suitable scientific
strategies comprising physical modifications of
the environment, nutritional management and
genetic development of breeds that are less
sensitive to heat stress (13).

In addition, a global trend is to improve
livestock production and reproduction of
breeds adapted to the local environments, with
emphasis on the characterization of livestock
genetic resources, the identification of genes
controlling productive and economic traits, and
the establishment or the strengthening of
artificial insemination programs. Last but not
least the application of animal manure to
agricultural land has been identified as one of
the main source of estrogens in the
environment (14) determining nutrition and
animal production as crucial.

Given the serious threat posed by estrogens as
pollutants, Kistanova (2003) summarized
various possibilities of natural derived
products to improve the male and female
reproductive functions. Among them placenta,
colostrum, plant extracts and plant hormones
are reported as bio stimulants of plant and
animal origin.

Taking into account the growing demand for
food free from pharmacological residues the
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requirements for sustainable reproductive
practices and against synthetic hormones as
progestogens used to synchronize heat are well
justified (11). Possible human friendly
approach for increasing livestock productivity
could be based on innovative and efficient
animal nutrition.

Animal nutrition

Nutrition could be a serious limitation to
livestock production especially when feed
resources are inadequate in both quality and
guantity (16). However, animal health and
welfare have always been a priority in their
nutrition. Feed is the most important input in
all livestock production systems in terms of
cost, and the availability of low priced, high-
quality feeds is critical if livestock production
is to remain competitive and continue to grow
to meet the demand for animal protein. Last
but not least consuming animal products,
people are affected as well by the feed.

Based on this the high-quality nutrition is
considered as one of the main factors for
improving the reproductive potential of
livestock and poultry (17). As confirmation,
several research papers are focused on
nutrition’s direct influence on folliculogenesis
in females and spermogenesis in male
livestock and poultry (18, 19).

Feeding forages containing high-quality
proteins and fats, as well as biologically active
components (vitamins, micro- and macro-
elements, carotenoids and other pigments,
polyphenols, furostanol saponins) in amounts
required for the respective species of breeding
livestock and poultry allows stimulation of
sexual functions (20).

It was recognized that the deficient and excess
nutrient supply could be equally detrimental.
Even nutritional treatments that result in highly
desirable responses for one reproductive state
may become counterproductive in a
subsequent phase or for the reproductive
economy of the animal as a whole (21, 22).

Synthetic hormones and bioactive substances
(vitamins, pigments and isoflavones) which
have been used in the feed industry are
considered to cause numerous side effects as
carcinogenesis, liver and kidney damage,
allergies in  consumers  because  of
accumulation in milk, meat, and eggs (23).
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Furthermore, several researchers reported the
synthetically produced substances (hormones,
vitamins, pigments and other biologically
active substances) to possess significant lower
effect than those obtained from natural sources
(24, 25). The above mentioned and the new
eco-friendly approach determine the increasing
interest in discovering new and safe BAS
obtained from natural sources as justifiable.
Such substances could serve as substitution of
the synthetic hormones (26).

Non-hormonal additives to the feed

Feed additives represent various classes of
molecules, compounds, or organisms that
promote ingestion, absorption, assimilation of
nutrients, growth, and health. They affect
physiological processes, such as immune
function, stress resistance, and reproduction.
Feed additives include feeding attractants,
immune stimulants, prebiotics, probiotics,
acidifiers, essential oils, or other inclusions.
These additives are usually not required
nutrients (27).

While the use of hormonally active substances
in animal production rose, opposition to their
use also increased, because of the theoretical
possibility that residues in edible tissues might
endanger consumers (28). However, Synthetic
hormones and biologically active substances
(BAS), still used in the animal husbandry
practice in many countries for stimulating the
reproductive parameters, accumulate in the
milk, meat and eggs (23).

There is a large interest worldwide in
discovering new and safe BAS obtained from
natural sources, which will substitute the
synthetic hormones. BAS influences the genic
expression, either via signal ways or directly.
They have the ability to regulate the growth
factors and enzymes, as well as the molecules
related to the apoptosis changes within the
cells. BAS are assimilated in full and have a
positive impact on various physiological
processes including a pronounced antioxidant
activity, strengthen the immune system,
improve the functions of particular organs and
systems, among them the reproductive system,
etc. (23).

Among many dietary factors natural
antioxidants have special importance in the
maintenance of high  growth levels,
reproduction and immuno-competence in
poultry production.
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The anti-oxidant/pro-oxidant balance can be
modulated by sub-optimal diets and poor
nutrient intakes, or positively affected by
dietary supplementation. Therefore, feed
components can change this balance and may
influence such effects as the rate of ageing and
disease resistance in humans and animals.
Animal feeds contain a range of different
compounds that possess antioxidant activities
including vitamin E, consisting of 8
compounds (4 tocopherols and 4 tocotrienols),
carotenoids (more than 600 compounds),
flavonoids (more than 8,000 compounds),
ascorbic acid, and some other compounds (17).

Vitamins and minerals are reported to affect
reproductive function since they play cellular
roles in metabolism, maintenance, and growth
in addition to specific roles and requirements
in reproductive tissues. Vitamin A status is of
particular concern in maintaining optimal
reproductive efficiency in cattle, but vitamins
D, E, and C also may be important. Under
some circumstances, even the availability of B
vitamins  may  influence  reproductive
performance. Deficiencies of a number of
minerals, including Ca, P, Se, Zn, 1, Cu, Mo,
Co, and Mn, can affect reproduction (22).

Lycopene as a natural carotenoid, and a
powerful antioxidant found in tomatoes,
watermelons, papayas, and pink grapefruits
(29) was reported in in vivo as well as in vitro
reports to improve sperm motility, viability,
morphology, and testicular oxidative balance
following exposure to medication (30, 31),
organic pollutants (32), oxidative stress
promoters (33, 34) or mycotoxins (35).

Plant secondary metabolites such as terpenes,
phenolic compounds and alkaloids in some
cases can be toxic to animal’s metabolism,
affecting the nervous system, immune,
endocrine and reproductive (36, 37, 38). These
compounds are also a significant source of
anti-inflammatory and antioxidants, playing an
important role as inhibitors of enzymes (39).

Supplementation of L-ascorbic acid, both
singly and in combination with I-tocopherol
acetate, was found to be helpful to heat-
stressed layers (40). The addition of common
macro minerals Na* and K" in feed increases
dry matter intake and production performance
(41). Inclusion of ascorbic acid in the feed
ameliorates, heat stress induced problems like
poor immunity, feed intake, weight gain,
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oxidative stress, body temperature, fertility and
semen quality (40).

The use of even a very small amount of
biomass of micro-aquatic plants strengthens
the immune system of animals, thereby
stimulating their growth and improving their
reproductive properties (42). Positive effects
were reported when supplementing the feed of
swine, sheep, cattle and rabbits (43-46).

Reproductive processes in animals offer
numerous advantages and scope for the use of
novel biotechniques. Nevertheless, these
emerging techniques should be judicially
supplemented with good practices in animal
health, nutrition and management at the level
of stakeholders for manipulation and
improvement of health, production and
reproductive performance of any livestock
species, which will facilitate the production
and dissemination of superior germplasm
thereby enhancing the overall productivity of
livestock species (47).

CONCLUSIONS

Taking into account the great interest toward
non-hormonal additives in animal husbandry,
summarizing the known is important in respect
to the trend of substitution of the hormonal
ones. The numerous advantages of natural
product supplementation could be a potential
approach for successful and effective animal
reproductivety and to be harmless both for
animals and humans.
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