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Gut Feelings: How Probiotics May Improve Animal Welfare

“Probiotic” has recently become a buzzword. It is heard in relation to

yogurt and supplements, and seen on television commercials and Elizabeth Petrosus, Animal

billboards. The public is told over and over that probiotics are good for Sciences, Purdue University

the body. However, how many people know that probiotics are found Susan Eicher, USDA-ARS _
i K . Livestock Behavior Research Unit

naturally in the bodies of animals and humans all over the world? How

many know that probiotics can be used to improve the lives of livestock

and lab animals? In this Extension bulletin, we will discuss probiotics that

exist in the gut of mammals, chemicals produced by these probiotics,

implications for animal welfare, and how to select and store probiotics.

Marisa Erasmus, Animal
Sciences, Purdue University

On farms and in labs, caretakers take precautions to consider the welfare of their
animals. According to Broom (1986), animal welfare is “the state of an animal
regarding its attempts to cope with its environment. Fraser et al. (1997) suggest
that three main ideas contribute to animal welfare: “biological functioning,
subjective experience, and natural living.” Biological functioning is the overall
physical health of the animal. Subjective experiences, or affective states, account
for the feelings or emotions that animals may experience. Natural living refers to
the animal’s ability to express its instinctual and natural behaviors. In captive and
production-intensive environments, animals may be at risk of decreased welfare.

In some cases, supplementation of probiotics may help improve welfare by
reducing negative affective states. However, before supplementing animals with
probiotics, it is important to understand how probiotics work.
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Microorganisms exist in many locations in and on the bodies
of animals, including the skin, respiratory system, and
gastrointestinal tract (gut). In each location, pathogenic,
commensal, and probiotic microorganisms exist. Commensal
microorganisms are “microbes that induce either no damage
or clinically inapparent damage after primary infection”
(Casadevall and Pirofski, 2000). Pathogens can cause infection
or disease. In contrast, probiotics are defined as
microorganisms that are beneficial to the body when
provided in sufficient amounts (FAO/WHO, 2001). Direct Fed
Microbials (DFM) is a term used in the livestock industry and
may include dead as well as live microorganisms.

The species of microorganisms that live in an animal’s gut
differ from individual to individual due to differences in diet,
environment, and habits. However, patterns have accrued
over time. Gut microbes have coevolved with mammals, and
by examining the microorganisms that live in the gut of 60
mammalian species, it has been concluded that individuals
of the same species have more similar gut compositions than
members of different species (Ley et al.,, 2008). Because of
their more complex diets, herbivores contained the highest
diversity of microorganisms, with carnivores having the least
diversity and omnivores being intermediate (Ley et al., 2008).
Therefore, it is critical to remember that as different species
evolved, their gut microorganisms evolved as well, with
different species likely having dissimilar microbiomes.

In addition to commensal and pathogenic bacteria, there are
probiotic species that naturally reside in the gut of mammals.
Table 1 outlines the known probiotic microorganisms found
in common livestock and lab animal species.

Table 1. Probiotic species found in the gut of mammals

Notice that some of the same probiotic species are
commonly found in the guts of different mammalian
species. For example, Bacillus spp., Bacteroides spp.,
Clostridium spp., Enterococcus spp., Eubacterium spp.,
Faecalibacterium spp., Lactobacillus spp., and Prevotella spp.
are seen in at least three of the five animal species listed.
These microbes may be ideal candidates for probiotic
research due to the applicability across multiple species.

In the gut, probiotics can produce varied effects on the body,
ranging from pathogen resistance and prevention of diarrhea
to reducing anxiety-like and depression-like behaviors.
Behavioral effects are facilitated through the gut-brain axis
(GBA). The GBA is a connection between the gut and the brain
through the vagus nerve (Bercik et al, 2011; Bravo et al.,, 2011).
Through this nerve, the gut and the brain communicate.
Some probiotic species produce chemicals that act on the
brain, or neurochemicals (Lyte, 2011). Neurochemicals are
molecules that are involved in neural activity and regulate
brain functions. When these neurochemicals are produced in
the gut, it can initialize changes to occur in the brain, resulting
in alterations in behavior.

Neurochemicals can also be produced by probiotics, or
beneficial microorganisms, in the gut and, via the gut-brain
axis, influence a wide range of brain processes, including
memory, anxiety, arousal, and stress. Gamma-aminobutyric
acid (GABA) is a neurotransmitter and amino acid found in
nearly all eukaryotic (animal) and prokaryotic (microbial)
organisms (Bown and Shelp, 1997). In animals, GABA
inhibits neuron transmission. This inhibitory action reduces
symptoms of neural disorders that are associated with
hyperactivity of the neurons, such as anxiety. GABA is

Species of Animal Probiotics found

Swine Bacillus spp., Clostridium spp., Eubacterium spp., Lactobacillus spp., Prevotella spp., Streptococcus spp. Leser et al., 2002
Lamendella et al., 2011

(attle Bacteroides spp., Clostridium spp., Enterococcus spp Faecalibacterium spp., Lactobacillus spp., Prevotella spp. Dowd et al., 2008
Malmuthuge et al., 2014

Chickens Bacillus spp., Bacteroides spp., Clostridium spp., Enterococcus faecium, Escherichia coli, Eubacterium spp., Bjerrum et al., 2006

Faecalibacterium prausnitzii, Lactobacillus spp., Staphylococcus spp.

Gong et al., 2007

Macaques Bacteroides spp., Bifidobacterium spp., Lactobacillus spp., Prevotella spp. McKenna et al., 2008
0'Sullivan et al., 2013
Humans Acinetobacter spp., Bacillus spp., Bacteroides spp., Bifidobacterium spp., Clostridium spp., Enterococcus spp., Methé et al., 2012

Escherichia coli., Eubacterium spp., Faecalibacterium prausnitzii, Lactobacillus spp., Oxalobacter formigenes,
Parabacteroides spp., Pediococcus acidilactici, Prevotella spp., Streptococcus spp.
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desirable and is produced by Lactobacillus spp., and
Bifidobacterium spp.

Norepinephrine (NE) is a neurotransmitter that regulates
arousal and the stress response (Goddard et al., 2010).
Administration of NE can result in increased blood pressure,
respiration, heart rate, and anxiety (Bremner et al., 1996;
Rogeness et al., 1990). Therefore, high levels of NE are
undesirable. Norepinephrine can be produced by
Escherichia spp., Bacillus spp., and Saccharomyces spp.

Serotonin is a neurotransmitter that influences mood
functions ranging from aggression to anxiety (Holmes et al.,
2003; Naslund et al., 2016; Naslund et al., 2015; Seo et al.,
2008). Low levels of serotonin are associated with
depression or depression-like behaviors (Sullivan et al.,
2006; Owens and Nemeroff, 1994). In humans these
conditions are treated with selective serotonin reuptake
inhibitors (SSRI), which leave more free serotonin available
in the body. SSRIs are associated with anti-depressive and
anxiolytic, or anxiety reducing, behaviors (Papakostas et al.,
2008). Therefore, maintaining adequate levels of serotonin
is important for treating depression and anxiety. Serotonin
can be produced by Candida spp., Streptococcus spp.,
Escherichia spp., and Enterococcus spp.

Similar to serotonin, dopamine is a neurotransmitter that
regulates many processes, including reward, motivation,
and addiction. Neural disorders, such as depression, anxiety,
schizophrenia, bipolar disorder, and Parkinson’s disease,
have been linked to dopamine dysregulation (Berk et al.,
2007; Weintraub et al., 2005). Thus, dopamine is desirable
and is produced by Bacillus spp., and Serratia spp.

Acetylcholine is a neurotransmitter that plays a critical role
in learning and the formation of new memories. When
acetylcholine receptors are blocked, old memories can still
be retrieved, but new memories cannot be formed (Atri et
al., 2004). When drugs that open acetylcholine receptors are
administered, new memory formation is enhanced (Levin et
al., 2006). Acetylcholine is a desirable neurochemical and
can be produced by Lactobacillus spp.

Implications for animal welfare

Animals in captive environments may be at risk of negative
mental states, often showing depression-like and anxiety-like
behaviors (Boissy and Lee, 2014; Douglas et al., 2012; Bateson
and Matheson, 2007; Fraser, 1988). Negative mental states
may be perpetuated by a lack of ability to perform natural
behaviors, lack of stimulation, excess noise, odors, artificial
light, and other environmental factors that are beyond the

control of the animal (Bateson and Matheson, 2007; Morgan
and Tromborg, 2007; Mench, 1998; Friend, 1989). Also,
husbandry practices such as weaning, identification tagging,
tail docking, and teeth clipping can cause stress and negative
mental states (Marchant-Forde et al., 2009; Grandin, 1997;
Dantzer and Mormede, 1983).

Changing the captive environment is one way to improve
the animal’s welfare. However, factors such as space and
financial limitations may prevent caretakers from making
environmental changes, and husbandry practices are
necessary and potentially unavoidable. In such cases,
probiotics may be able to reduce negative mental states
and improve animal welfare.

When neurochemicals are released by probiotics in the
gut, they communicate with the brain through the vagus
nerve. The presence of these neurochemicals induces
changes in the brain and behavior. For example, high
levels of GABA, serotonin, and dopamine, and low levels of
norepinephrine have anxiety-reducing effects. Finding a
probiotic mixture that produces these levels of
neurochemicals can provide an anxiety-reducing effect for
the animals, which may improve animal welfare. Providing
the right probiotic mixtures may improve the animal’s
welfare by reducing negative affective states.

Probiotic selection and storing

If you've decided that probiotic supplementation is
appropriate for improving the welfare of your animals,
here are some points to consider.

When selecting a probiotic supplement or mixture for use
on your animals, do your research. Probiotic species and
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strains within species have different effects on the body;
look for the species and strain that suit your needs. Some
probiotics will not survive in all species of animals. Table 1
can be used as a reference for which probiotic species
already exist for different animal species.

For most supplements to work, the probiotic
microorganisms will need to be alive. Look on the
supplement’s nutritional label for the company’s guarantee
that the probiotic will be alive until the date of expiration
(Reid et al., 2003). In order to have effects on the animal,
there needs to be enough probiotic microorganismsin
each capsule or dose. Look on the nutritional label and
confirm that the amount included in each capsule or dose is
within the range of 1 billion to 10 billion colony-forming
units (CFUs) (Reid et al., 2001; Reid et al., 2003).

It is recommended to keep probiotics in a cool, dry place.
Look on the label for specific storing instructions; some
probiotics need to be kept refrigerated. Always follow the
instructions and correct dosage on the packaging of your
individual probiotic supplement or mixture. If unsure of
which probiotic to supplement your animals, consult with
your nutritionist or veterinarian. It is recommended to
observe the behavior of your animals after probiotic
supplementation. If adverse behaviors are observed,
contact your veterinarian immediately.

Glossary of terms and abbreviations

+ Anxiolytic: anxiety reducing
« Carnivore: animal that only eats meat

« Eukaryote: cell that contains a nucleus and
membranous organelles; refers to animals and plants

« Gastrointestinal tract: the gut; consists of the
stomach, small intestines, large intestines, and rectum

» Herbivore: animal that eats only plants

« Microbes: microorganisms

+ Microbiome: all microorganisms in a particular location
« Omnivore: animal that eats both plants and animals

» Prokaryote: cell that lacks a nucleus and
membranous organelles; refers to bacteria

« spp.: abbreviation that means species; used in
microbiology to describe a group of microorganisms;
example: Lactobacillus spp. = Lactobacillus species,
species of microorganisms in the genus Lactobacillus
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