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Abstract

Although the production of safe food for human consumption is the primary purpose for animal rearing, the environment
and well-being of the animals must also be taken into consideration. Based on microbiological point of view, the production
of healthy food from animals involves considering foodborne pathogens, on the one hand and on the other hand, the methods
used to fight against germs during breeding. The conventional method to control or prevent bacterial infections in farming is
the use antibiotics. However, the banning of these compounds as growth promoters caused many changes in animal breeding
and their use has since been limited to the treatment and prevention of bacterial infections. In this function, their importance
no longer needs to be demonstrated, but unfortunately, their excessive and abusive use have led to a double problem which
can have harmful consequences on consumer health: Resistance to antibiotics and the presence of antibiotic residues in food.
The use of probiotics appears to be a suitable alternative to overcome these problems because of their ability to modulate the
immune system and intestinal microflora, and further considering their antagonistic role against certain pathogenic bacteria
and their ability to play the role of growth factor (sometimes associated with prebiotics) when used as feed additives. This
review aims to highlight some of the negative effects of the use of antibiotics in animal rearing as well as emphasize the
current knowledge on the use of probiotics as a feed additive, their influence on animal production and their potential utility

as an alternative to conventional antibiotics, particularly in poultry, pig, and fish farming.
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Introduction

In most developed countries, the amount of protein
consumed is on average above 1.4 g/kg daily and animal
proteins represent 65-70% of the total protein intake [1].
To meet the growing demand, livestock industries of all
classes have resorted to various techniques to increase
their output [2]. In addition to setting up intensive and
semi-intensive farming system, these new techniques
are particularly intended to accelerate the growth of
animals, protect them against diseases, improve feed
conversion efficiency, and optimize reproduction by
limiting the mortality rates during birth [3].

Antibiotics have long been used in animal hus-
bandry as growth promoters, on the one hand and on
the other hand, as treatment for bacterial diseases [4].
The prohibition of antibiotics as growth promoters
and the harmful effects resulting from its abusive use
(resistance to antibiotics and presence of antibiotic
residues in food and the environment) increasingly
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force breeders to look for other more eco-efficient
methods [5]. From the beginning of 21* century,
several studies have been carried out presenting
probiotics as being able to play a preponderant role
in breeding, either as a simple additive with bene-
ficial effects on growth or as a potential alternative
to conventional antibiotics [6-8]. Numerous recent
studies have shown that supplementing probiotics
in animal feed positively alter the gut microbiota,
reduce pathogen shedding and disease symptoms,
increases gut immunity, and improve disease resis-
tance and health [9-15]. In addition, probiotics have
their antagonistic effect and their ability to regulate
the gut microflora can significantly reduce foodborne
pathogens such as Campylobacter, Clostridium per-
fringens, Escherichia coli, Listeria monocytogenes,
Salmonella, and Staphylococcus aureus [16-19].

This review, therefore, serves to highlight the
applications of probiotics in animal breeding (pig,
poultry, and fish) as well as their potential utility as an
alternative to conventional antibiotics.

Harmful Consequences of the Use of
Antibiotics in Animal Breeding
Resistance to antibiotics

Antibiotic resistance is defined as the ability of
bacteria to resist the inhibitory or destructive activity
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of an antibiotic to which it was not resistant [20]. This
resistance, in particular, is associated with exces-
sive or sometimes uncontrolled use of antibiotics
in breeding and the mechanisms of transmission of
resistance between bacteria. This phenomenon con-
cerns both animals and humans and the transmission
of resistance between them is possible because they
share the same ecosystem (Figure-1). Indeed, resistant
bacteria, resistance genes (especially associated with
mobile genetic elements), and antibiotic residues can
circulate between the different niches of the ecosys-
tem [5]. By direct or indirect contact (food, water, and
environment) between animals and human, bacteria
can, therefore, pass from animals to human, and on
the contrary. This applies both to commensal bacte-
ria, which are often considered as reservoirs of resis-
tance due to their widespread presence and long-term
antibiotic exposure in the gut of food animals (use of
antimicrobial growth promoters at subtherapeutic lev-
els), and also to pathogenic bacteria [5]. Furthermore,
recent studies have shown that multi-resistant bacteria
from animal breeding can be found in everyday con-
sumer products [21]. Resistance to antibiotics can be
very negative for the production of meat, milk, and
other animal products if the prevention and treatment
of bacterial infections with antibiotics becomes com-
pletely obsolete due to antibiotic resistance. Likewise,
bacteria that have acquired resistance to several anti-
biotics could be twice as dangerous if transmission to
humans is effective and especially if they are patho-
genic, because the treatment of the disease induced
would be more difficult [4].

Residues of antibiotics in food and environment

One of the major consequences of the use of
antibiotics in agriculture and animal husbandry is the
presence of residues of these substances in food and
environment. Antibiotic residues are defined as all
pharmacologically active substances, whether active

substances, excipients, or degradation products, as
well as the metabolites found in the environment or
remaining in food for animals to which the drug in
question has been administered [22]. These residues
may pose risks to public health, in particular with the
development of resistance (due to exposure of bacteria
to underdoses), allergic reactions, disruption of nor-
mal flora, and potential carcinogenicity, mutagenicity,
and teratogenicity [4]. With regard to the environmen-
tal risks, it is presently accepted that after an antibiotic
treatment, the animals excrete in their environment a
fraction of the administered dose [5]. Most certainly,
there are significant disparities in the half-life time
depending on the molecule: Tylosin, for example,
degrades much faster than oxytetracycline, detectable
in the manure of calves treated for 5 months against
<45 days for tylosin. This signifies a long persistence
of certain antibiotics in the environment, which can
then be present in soil, water, and rivers, therefore
leading to chemical pollution of the environment,
with an action on the microbial flora which may be
the same as on the commensal flora [23]. Similarly,
technological risks should not be overlooked because
antibiotic residues can interfere with the fermentation
process during the production of certain fermented
foods (cheese, yogurt, and fermented meat) by inhib-
iting the starter cultures [4].

Use of Probiotic in Animal Breeding

Probiotics are live microorganisms that con-
fer health benefits on the host when administered in
adequate dosage [24]. Their use in human health and
farm animal production has been widely reported
in the literature. Although several microorganisms,
particularly bacteria and fungi, have demonstrated
probiotic abilities, species belonging to the gen-
era Lactobacillus, Streptococcus, Lactococcus, and
Bifidobacterium remain the most popular probiotic
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Figure-1: Exchange of resistance genes and bacteria between different reservoirs [5].
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agents to date [25]. Very often, probiotic candidates
must at least be able to modulate the immune system
or certain physiological parameters of the host, atten-
uate virulence markers of certain pathogens, treat or
prevent infectious, and inflammatory diseases and act
as a biological control agent in the prevention of spoil-
age [26]. There are reports indicating that the use of
probiotic yeast (Saccharomyces cerevisiae) and fun-
gal strains (4spergillus oryzae) provides better results
in adult ruminants while bacterial probiotics are more
effective in chickens, pigs, and young calves [26].

Most used probiotics bacteria and application in
animal breeding

Lactobacillus

Lactobacillus is Gram-positive bacteria belong-
ing to the group of lactic acid-producing bacteria. This
group is very wide and heterogeneous and includes
more than 100 different species [27]. Most of the
species found in this group are part of the normal
mammal’s microbiota. Many species belonging to
this genus are very often introduced as probiotics in
both dairy and non-dairy foods intended for human
consumption [24,28]. Meanwhile, some species of the
genus Lactobacillus used as feed additive have demon-
strated beneficial abilities, in particular, to reduce mor-
tality in fish [6,29], to improve growth performance
in piglets [30], to improve production and quality of
eggs in poultry [7,16,31], to improve immune defense
mechanisms in fish [32], and to reduce Salmonella
contamination in chicken [5-7,9-19,25,29-78]
(Table-1). Otherwise, Lactobacillus strains produc-
ing active dietary enzymes including protease amy-
lase, lipase, phytase, and protease are interesting
probiotic candidates due to these enzymes’ role in
digestion and absorption of nutrients [79]. However,
Vesterlund et al. [80] mentioned that some bacte-
ria of this genus (such as Lactobacillus casei and
Lactobacillus rhamnosus) could be involved in bac-
terial infections. Notwithstanding the above, most
authors agree that this large group is recognized as
generally safe for both animals and humans.

Bifidobacterium

Bifidobacteria are found in large numbers in
the gut of animals and human. It is a very promising
group as a probiotic and its presence in the gut gener-
ally indicates the good health of the host [27]. There
is a general belief that this bacterium has a significant
contribution in maintaining the balance of the intes-
tinal microflora and in limiting the risk of infections.
Several species are host specific [8]. Many bifido-
bacteria are generally used as probiotics in human
food and in pharmaceutical formulations [27]. Many
of these germs have “GRAS” (“Generally Regarded
As Safe”) status [33]. Used as a feed additive in pig-
lets, the species Bifidobacterium pseudolongum have
shown significant results on a better food conver-
sion ratio (FCR) with no differences in final weight,
weight gain, and feed intake [33]. In poultry, the

species Bifidobacterium animalis, Bifidobacterium
thermophilum, and Bifidobacterium longum, used
as food additive have, respectively, demonstrated
their ability to reduce coccidiosis in broiler chickens
infected with Eimeria tenella [17,18], to have protec-
tive activity against Salmonella and Listeria species
in vitro and against E. coli in chicken [34], and an
anti-Campylobacter activity [35]. Overall, bacteria
belonging to the Bifidobacterium genus are exten-
sively tested for their potential application as a feed
additive and as an alternative to conventional antibi-
otics in breeding. The results obtained are promising
and their ability to specifically inhibit certain patho-
gens is a major asset.

Bacillus

Bacillus are Gram-positive bacteria, facultative
aerobic or aero-anaerobic, heterotrophic, saprophytic,
and ubiquitous. Some bacteria of this genus such as
Bacillus subtilis are regularly used as a food supple-
ment in animal breeding, especially in fish farming [36]
and in poultry [37,38]. Kumar et al. [81] reported that
feeding the Indian big carp Labeo rohita with B. sub-
tilis at 1.5 x 107 CFU/g contributed to increased resis-
tance against infection with A. hydrophila. B. subtilis,
administrated at 10, 10°, and 10% CFU/g for 14 and 28
days, has also demonstrated its ability to enhance the
relative survival percentage of groupers, Epinephelus
coioides challenged with Streptococcus spp. [39].
Several researchers agree that these species possess
high potential for immunomodulation and protection
against diseases in animal breeding, and recommend
B. subtilis as a beneficial agent for the biological
control of the diseases [25]. Otherwise, other spe-
cies of the genus Bacillus like Bacillus licheniformis
have also shown probiotic aptitudes, when used as a
feed additive in pigs, and have shown to be effective
against diarrhea occurring in piglets in 3-10 days post
weaning caused by enterotoxic strains of £. coli [19].
Although some species like Bacillus cereus can cause
problems due to the endotoxins and emetic toxins they
produce [82], bacteria of the genus Bacillus already
used as probiotics have real potential and can be used
in safe production and as an alternative to conven-
tional antibiotics.

Enterococcus

Enterococcus is a common member of the
endogenous intestinal microbiota of humans and
animals [83]. Although this genus is not considered
“generally recognized as safe”, species from the
genus Enterococcus have been used as probiotic for
human or animals [83,84]. Enterococcus strains have
been used as feed additives in poultry and swine as
alternatives to the use of sub-lethal antibiotics in the
feeds. Several studies aimed to evaluate the probiotic
aptitudes of species of the genus Enterococcus have
been carried out, and most of these studies focused
on Enterococcus faecium. In a study conducted by
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Pollmann et al. [85] to investigate the impact of pro-
biotic additives on the rate of endogenous Chlamydia
infection in pigs, a microencapsulated E. faecium
SF68 (NCIMB 10415), containing 9x10° CF/g bac-
teria has shown positive results and a reduction in
the severity of infections as well as the number of
infections caused by Chlamydiae. The strain E. fae-
cium has also demonstrated its ability to stimulate
other lactic acid bacteria (especially Lactobacillus)
in the small intestine of a turkey [40], improve the
FCR in chicken [41], improve intestinal morphology,
and beneficially manipulate the cecal microflora in
broilers [9] (Table-1). Some other beneficial effects
of E. faecium and other strains of the Enterococcus
genus on poultry, pigs, and fish are listed in Table-1.
However, the Enterococcus genus does not only have
advantages, as these bacteria may participate in trans-
mission of resistance to antibiotics [82]. Moreover,
this genus is often associated with pathogenesis such
as infections of the urogenital tract [86] and endocar-
ditis [87]. Sometimes, these strains are involved in the
production of substances such as §-hemolysin, gelati-
nase, and aggregation substance that are undesirable
phenotypes in probiotic strains [83]. Despite having
demonstrated good results in animal breeding, the use
of probiotics belonging to this genus must be checked
beforehand to use only strains which do not present
any danger to the health of the animal.

Lactococcus

Lactococcus strains are commonly used in the
manufacture of fermented dairy products. Some of
them have been tested for probiotic properties, espe-
cially in fish and the results have proven to be satis-
factory and promising [42]. Special interest is placed
on the study of Lactococcus lactis and this species was
capable of protecting different fish species against
bacterial pathogens [25]. In a study conducted by
Balcazar et al. [42], Lc. lactis administered to brown
trout as a feed additive revealed its ability to increase
immune parameters as well as protect against furuncu-
losis. In the same vein, Heo et al. [88] reported the use
of Le. Lactis (108 CFU/g) in olive flounder elevated
serum immune parameters (such as serum peroxidase,
lysozyme, antiprotease, and blood respiratory burst
activities) as well as resistance against Streptococcus
iniae. Although Lc. lactis is considered safe for
human and animal use, some studies have also linked
Lactococcus bacteria (Lc. lactis and Lactococcus
garvieae) to infection [89]. It is, therefore, necessary
to regularly carry out trials before implementing the
strains of this genus in animal feed, either as an addi-
tive or as a means of disease control.

Saccharomyces

Saccharomyces is a genus of budding yeast; it is
also part of the gut microbiota. In this fungal genus,
S. cerevisiae is the best-known specie and most used
as a probiotic. S. cerevisiae has been recognized to

improve reproductive performance of sows elevate
immunoglobulin G (IgG) concentration in colostrum
and subsequently plasma IgG of piglets, to improve
growth performance and promote “healthy” intes-
tines of pigs [43-45]. Positive results of the use of
S. cerevisiae have also been observed in fish. S. cere-
visiae has been shown to be able to improve growth,
hematological, antioxidant, and immune responses
of Nile tilapia, improve resistance of Nile tilapia
against pathogenic fungus 4. flavus infection as well
as enhance the cellular innate immune response of gil-
thead seabream [25,46,47,90]. Other species belong-
ing to this genus such as Saccharomyces carlsbergen-
sis are also used as probiotics in animal feeding [27].

Other probiotics and combinations of probiotics

Certain other strains used as probiotics in ani-
mal feed as well as their positive effect on the host are
given in Table-1. Furthermore, although the benefits
of using a combination of more than one probiotic in
the same food formulation are not yet demonstrated,
most commercial products such as BioPlus 2B [48]
and LACTINA® [49] contain various probiotic strains
(Table-1).

Conclusion

The beneficial properties of probiotics when
used as a feed additive are very encouraging for ani-
mal breeding. The study of the existing literature on
this subject allowed us to highlight their potential
use as an alternative for conventional antibiotics.
However, more research should be done to standard-
ize the use of specific probiotic strains in the breeding
of specific animals, while maintaining the properties
already demonstrated.
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