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ABSTRACT

Probiotic lactobacillus strains constitute a group of probiotic bacteria which confer health benefits on the host when
consumed in appropriate amount. The aim of the current study was to isolate and identify naturally occurring probiotic
Lactobacillus species in some non-ruminant animals including horses, donkeys and pigs to investigate interspecies
differences in probiotic Lactobacillus contents. A total of 39 samples including rectal, buccal, and nasal swabs were
collected under aseptic conditions from horses, donkeys and pigs. The samples were cultured on MRS medium and
the isolated strains were identified using 16S rRNA multiplex polymerase chain reaction (PCR) analysis following
DNA extraction from the isolated bacteria. A total of 37 isolates were identified as lactobacillus strains including 19, 8
and 10 isolates from horses, donkeys and pigs respectively. The pig samples showed the lowest variability in
lactobacilli contents with the amplification of L. rhamnosus, L. gasseri and L. delbrueckii. The lactobacilli contents of
both horses and donkeys were comparable; however, L. casei was isolated only from horses. The diversity of probiotic
lactobacillus strains isolated from nun-ruminant animals including the close relatives, horses and donkeys, indicates
the uniqueness of lactobacilli contents in different animals. Further studies are needed to investigate the beneficial
effects of these strains, either separately or in combination, on the host. Understanding the interaction of these strains
with other members of the bacterial community inside each host as well as their interaction with the host cells
especially the cells of the immune system, will provide important information on how they function in both health and

disease states.
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INTRODUCTION

Probiotics are recognized as living microorganisms
that, when given in appropriate amounts, award benefits
to the host (FAO/WHO 2011). They enhance the host's
resistance against infection through the modulation of
immune and inflammatory response in local mucosal
surfaces, as well as inducing a positive effect on the
systemic immune system in general (Kang and Im 2015).
Probiotics have been prescribed for patients with
gastrointestinal diseases due to their health promoting
properties including the beneficial balance of the intestinal
microbiota that can be also associated to other benefits to
the host (Williams et al., 2010).

Probiotics represent a heterogeneous group of
microorganisms that are present in the gastrointestinal,
respiratory and urogenital tract of humans and animals
(Wallace and Milev 2017). Gut microbiota constitutes a
large number of anaerobic microorganisms that assist the
host to achieve numerous biochemical and physiological

functions served by their metabolites. In turn, the
intestinal microflora is involved in supplying metabolic
nutrition to the host, sharing in growth promotion and
immune regulation, clearing pathogenic microorganisms
and keeping the integrity of intestinal barriers and normal
homeostasis (Jones, 2016).

The microbiota of the respiratory tract likely acts as a
gate guard that prohibits respiratory pathogens
colonization. The respiratory microbiota might also be
involved in the maturation and conservation of respiratory
physiology and immunity stability (Man et al., 2017).

The vaginal microbiota is commonly predominated
by lactic-acid producing species. The output of lactic acid
has been associated with the overall health of the vagina
due to its direct and indirect influences on pathogens and
host defense (Witkin and Linhares, 2017).

The target of the current study was the isolation and
identification of naturally occurring probiotic lactobacillus
species in some non-ruminant animals using multiplex
PCR to investigate interspecies differences.
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MATERIALS AND METHODS

Ethical approval
Institutional Animal Ethics Committee and local laws
and regulations were considered in applying our experiment.

Collection of samples

Three swabs from different body cavities of each
animal including rectal, buccal and nasal swabs were
collected under aseptic conditions from horse, donkey and
pig. Vaginal swabs were also taken from pig. The samples
were collected from private, individually owned healthy
animals in Giza governorate, Egypt to ensure the diversity
of bacterial strains. All samples were collected in the
presence of the owners after oral acceptance and they
were informed with the sampling procedure and very brief
note about what the samples will be used for. The samples
were collected in sterile carriers containing 5 ml MRS
broth medium and stored on ice until delivery to the
laboratory. Once delivered to the laboratory, they were
incubated at 37°C for 48 h in anaerobic conditions.

Isolation of probiotic strains

After incubation, the sampling containers were
shaken homogeneously and a total of 10ul of the liquid
culture were transferred into test tubes containing 5 ml
fresh MRS broth as selective media to grow Lactobacillus
as well as other lactic acid bacteria (LAB). The tubes were
shaken homogeneously and incubated at 37°C for 48 h in
anaerobic conditions. Inoculum from each tube was sub-
cultured at 37°C under anaerobic conditions in the
presence of 10% CO- to remove unwanted bacteria. After
seven subcultures, the bacterial culture was streaked onto
MRS agar media. Finally, single colonies with different
morphology were isolated and streaked again onto fresh
MRS agar media. The resulting pure colonies were
checked under an optical microscope after Gram staining
and tested for catalase production. LAB was identified by
being rod and coccoid shaped, Gram-positive and catalase
negative bacteria (Silva et al., 2015).

Gram staining test

Gram staining was performed by conventional
procedure, and bacterial cells were observed
microscopically (magnification x 1,000) (Brown, 2007).

Catalase test

A single isolated bacterial colony was streaked on a glass
slide and mixed with one drop of 3% hydrogen peroxide
(Merck, Germany). The effervescence of oxygen
indicated the positive response of the bacteria to catalase
test (Nanasombat et al., 2017).

Table 1: Multiplex PCR primers
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DNA extraction for molecular identification of
probiotic lactobacillus strains
A total of 1.5 mL of overnight culture (of each of the
mixed colony cultures representing the bacterial content
of the original samples) in MRS broth was centrifuged at
5000 xg for 10 min at room temperature. The cell pellet
was used for extraction of total genomic DNA using the
G-spin Total DNA extraction kit (Intron, Korea).

Molecular identification of probiotic strains

Common lactobacillus strains naturally occurring in
different animal species were identified by 16S rRNA
multiplex PCR analysis of genomic DNA extracted from
mixed bacterial cultures. Multiplex PCR assays were
performed with a mixture of seven species-specific or
group-specific primers for L. acidophilus, L. bulgaricus
(same as L. delbrueckii subsp. bulgaricus), L. casei-group
L. gasseri, L. plantarum, L. reuteri and L. rhamnosus and
two bacterial conserved primers (Table 1). The PCR
products were detected by electrophoresis on 1.5%
agarose gel, stained with RedSafe Nucleic Acid Staining
Solution (Intron Biotechnology, Korea). Lactobacillus
species was identified based on the size of the PCR
product (Kwon et al., 2004).

RESULTS

A total of 39 samples were collected from different
non-ruminant species including horse (n=5), donkey
(n=5), and pig (n=2). Three swabs from rectum, buccal
cavity and nasal cavity were collected from each animal
under aseptic conditions. The only exception in sampling
was the pig as only 2 individuals were sampled; a male
and female. Three swabs were collected like all other
animal species in addition to vaginal swab from the
female pig.

A representative picture of gram-stained lactobacilli
isolated from different animal species is shown in figures
1-3. The multiplex PCR products of lactobacilli isolated
from horse showed the presence of 19 isolates of
lactobacillus strains. The lactobacilli content in the first
horse were similar in both the buccal and the nasal swabs
(L. acidophillus, L. rhamnosus, L. gasseri). The second
horse showed the presence of L. acidophillus, and L.
plantarum in the buccal swab. L. plantarum was also
isolated from both the rectal swab of the third horse, and
from both the nasal and rectal swabs of the fourth horse.
The rectal swab of the fourth horse also showed the
presence of L. casei, L. rhamnosus, L. gasseri, L.
delbrueckii. (Fig. 4).

Target bacteria Sequence (50 to 30) Target site Product (bp)
All Lactobacillus CCACCTTCCTCCGGTTTGTCA 1178-1198 -

All Lactobacillus AGGGTGAAGTCGTAACAAGTAGCC 1499-1522 -

L. casei-group TGGTCGGCAGAGTAACTGTTGTCG 472-495 727

L. acidophilus AACTATCGCTTACGCTACCACTTTGC 2079-2104 606

L. delbrueckii CTGTGCTACACCTAGAGATAGGTGG 1015-1039 184

L. gasseri ATTTCAAGTTGAGTCTCTCTCTC 1748-1770 272

L. reuteri ACCTGATTGACGATGGATCACCAGT 94-118 1105

L. plantarum CTAGTGGTAACAGTTGATTAAAACTGC 1900-1926 428

L. rhamnosus GCCAACAAGCTATGTGTTCGCTTGC 1922-1946 448




Fig. 1: Gram-positive bacilli isolated from nasal swab taken
from pig.
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Fig. 2: Gram-positive bacilli isolated from buccal swab taken
from donkey.

Fig. 3: Gram-positive bacilli isolated from rectal swab taken
from horse.

The multiplex PCR products of lactobacilli isolated
from donkey indicated the presence of 8 isolates of
lactobacilli. The results showed the presence of L.
acidophilus and L. delbrueckii in buccal swabs from the
first and third donkey, while fecal samples showed
amplification of L. rhamnosus, in the first and second
donkey. L. plantarum was isolated from the rectal swab of
the first donkey only while L. gasseri was isolated from
the rectal swab of the second donkey only (Fig. 5).

Figure 6 shows the results of the multiplex PCR
products of lactobacilli isolated from swabs taken from
male and female pigs. A total of 10 isolates were
identified as lactobacillus strains. The nasal and buccal
swabs from the male pig as well as the nasal, rectal and
vaginal swabs from the female pig showed the presence of
L. rhamnosus and L. gasseri. The rectal swab of the male
pig did not show the growth of any lactobacillus strains.
The buccal swab of the female pig showed the
amplification of L. delbrueckii which was isolated also
from the nasal swab of the female pig.
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DISCUSSION

The consumption of some beneficial microorganisms
in traditional foods including yogurt, cheese and milk was
associated with protection against diseases and extended
lifespan. These microorganisms were identified as
“Probiotics” and they have become the subject of study
that drove attention of many scientists (Metchnikoff and
Metchnikoff, 1908; Brown and Valiere, 2004).

There is growing evidence that supports the use of
probiotics provides protection against infectious diseases
(Hao et al., 2011; Ozen et al., 2015). The most commonly
used strains as probiotics are members of Lactobacilli,
Enterococci and Bifidobacteria groups which are families
of Lactic acid bacteria (LAB). Lactic acid bacteria
represent a heterogeneous group of microorganisms that
are present in the normal diet of many people and also in
the gastrointestinal and urogenital tract of animals.

In a previous study we reported the diversity of
lactobacillus species isolated from milk and/or fecal
samples of different animal species including cattle,
buffalo, goat, sheep, camel and fish (Abdou et al., 2018).
The purpose of the current study was to isolate and
identify probiotic lactobacillus strains which are naturally
occurring in some non-ruminant animal species including
horses, donkeys and pigs. To isolate naturally occurring
probiotic strains, samples were collected from private,
individually owned animals to ensure the diversity of
bacterial strains. The diversity of probiotic strains, like
most of the commensal bacteria which colonize animals’
body, is due to the variability of nutritional habits as well
as the exposure to infections, antibiotics, stress and
various disease conditions (Zhang et al., 2015).

Although MRS media is selective and recommended
for the isolation, enumeration and cultivation of
Lactobacillus species which represent one of the most
commonly consumed probiotics, it encourages the growth
of other lactic acid bacteria including species of
Streptococcus, Lactococcus, Pediococcus and
Leuconostoc (Kacem et al. 2003; Wassie and Wassie
2016). For this reason, the isolated bacteria were
subjected to repeated sub-culturing to remove unwanted
bacteria.

Horses have a big and complicated gastrointestinal
(Gl) tract and obtain most of their energy demands
through the degradation of constructional carbohydrates
by fibrolytic bacteria. As a non-ruminant herbivore, this is
accomplished by anaerobic fermentation in the cecum and
large colon, generating volatile short fatty acids that are
absorbed via the intestinal mucosa (Mshelia et al., 2018).
The variation in microbial content of fecal samples
extracted from healthy horses, whether directly from the
rectum or from fecal balls, was documented (Stewart et
al., 2018). Lactobacillus strains constituted the majority of
bacteria tightly adhere to the mucosa and epithelium in
horse stomach (Perkins et al., 2012) and cecum (Moreau
et al., 2014). Furthermore, the predominance of
Lactobacilli in fecal samples was also reported (Dougal et
al., 2012; Costa et al., 2015). These lactic acid bacteria
are responsible for the rapid fermentation of extra amount
of grains rich in starch fed to horses (Costa et al., 2015).
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Fig. 4: Agarose gel electrophoreses of PCR products from multiplex PCR assays of genomic DNA extracted from mixed cell
suspension of naturally occurring lactobacilli in swabs taken from horse. Lane 1 and 2, faint band of L. acidophillus, L. rhamnosus, L.
gasseri, faint band of L. delbrueckii; lane 4, L. acidophillus, L. plantarum; Lane 7 and 9, faint band of L. plantarum; Lane 11, faint
band of L. rhamnosus, L. plantarum; lane 12, L. casei, L. rhamnosus, L. plantarum, L. gasseri, L. delbrueckii; Lane 16, negative
control; lane M, 100 bp-DNA ladder.

Fig. 5: Agarose gel electrophoreses of PCR products from multiplex PCR assays of genomic DNA extracted from mixed cell
suspension of naturally occurring lactobacilli in swabs taken from donkey. Lane 1, L. acidophillus; lane 3, faint bands of L.
rhamnosus, L. plantarum; Lane 4, faint bands of L. gasseri, L. delbrueckii; Lane 6, L. rhamnosus, L. gasseri; Lane 7, L. delbrueckii;
lane 16, negative control; lane M, 100 bp-DNA ladder.

Fig. 6: Agarose gel electrophoreses of PCR products from multiplex PCR assays of genomic DNA extracted from mixed and single
cell suspension of naturally occurring lactobacilli in swabs taken from pig. Lane 1, 2, 3, and 5, L. rhamnosus, L. gasseri; Lane 6, and 8,
faint band of L. delbrueckii; Lane 10, negative control; lane M, 100 bp-DNA ladder.

Although it was believed that the lungs are sterile the (Bond et al., 2017). The bacterial community in the oral
lungs of horses found to be occupied by beneficial cavity was found to be associated with equine oral health
bacteria and there was a great similarity between the (Kennedy et al., 2016). In the current study we isolated L.
microbial communities in both upper and lower rhamnosus and L. plantarum from oral samples collected
respiratory system. This similarity seemed to be due to the ~ from horse and these two strains were also isolated from
fact that horses breathe through their nose as they have  the oral cavity of healthy people (Chervinets et al., 2018).
complete separation of oral cavity and the nasopharynx. As the donkey is a close relative to horse, similar
Meanwhile, bacterial content was different between lactobacillus strains were found in both its oral and fecal
healthy horses and horses with inflammatory airway  samples. Lactobacillus probiotic strains were also isolated
disease (mild equine asthma) which suggests an important ~ from donkey milk which is gaining more attention due to
role of the normal bacterial flora in preventing the disease its high nutritive contents and similarity to human milk to
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the extent that it was used as a replacement for infants
(Soto Del Rio Mde et al., 2016; Soto Del Rio et al., 2017).

Similar to human, pigs are omnivorous as they
consume a variety of foods and their gut microbiota is not
only responsible for carbohydrate metabolism but also fat
metabolism. Any disturbance of microflora constitution is
considered to be the major contributor in pigs’ obesity
(Yang et al., 2018). The abundance of microbiota
including lactobacilli was found to be health promoting
and prevents post-weaning diarrhea in pigs (Dou et al.,
2017).

The dominance of lactobacilli in vaginal microbial
ecosystem is thought to be critical to both host health and
disease (Macklaim et al., 2012). The dynamic equilibrium
of the vaginal microbial ecosystem can be altered by
external factors (Cruciani et al., 2012) or by internal
factors, and hormonal changes resulting in microbial
imbalances in the vagina (Huang et al., 2014).

Conclusions

The diversity of probiotic lactobacillus strains
isolated from nun-ruminant animals including the close
relatives, horses and donkeys, indicates the uniqueness of
lactobacilli contents in different animals. Further studies
are needed to investigate the beneficial effect of these
strains either separately or in combination on the host.
Understanding the interaction of these strains with other
members of the bacterial community inside each host as
well as their interaction with the host cells especially the
cells of the immune system, will provide important
information on how they function in both health and
disease states.
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