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Simple Summary: Farm animal health and welfare have been paid increasing concern in the world,
which is generally assessed by the measurements of physical health, immune response, behavior,
and physiological indicators, such as stress-related hormone, cortisone, and norepinephrine. Gut
microbiota as a “forgotten organ” has been reported for its great influence on the host phenotypes
through the immune, neural, and endocrine pathways to affect the host health and behavior. In
addition, fecal microbiota transplantation as a novel approach is applied to regulating the compo-
sition and function of the recipient farm animals. In this review, we summarized recent studies that
gut microbiota influenced health, immunity, behavior, and stress response, as well as the progress
of fecal microbiota transplantation in farm animals. The review will provide new insights into the
measurement of farm animal health and welfare concerning gut microbiota, and the implication of
fecal microbiota transplantation to improve productivity, health, and welfare. Above all, this review
suggests that gut microbiota is a promising field to evaluate and improve animal welfare.

Abstract: In the past few decades, farm animal health and welfare have been paid increasing con-
cern worldwide. Farm animal health and welfare are generally assessed by the measurements of
physical health, immune response, behavior, and physiological indicators. The gut microbiota has
been reported to have a great influence on host phenotypes, possibly via the immune processes,
neural functions, and endocrine pathways, thereby influencing host phenotypes. However, there
are few reviews regarding farm animals’ health and welfare status concerning the gut microbiota.
In this point of view, (1) we reviewed recent studies showing that gut microbiota (higher alpha
diversity, beneficial composition, and positive functions) effectively influenced health characteris-
tics, immunity, behaviors, and stress response in farm animals (such as pigs, chickens, and cows),
which would provide a novel approach to measure and evaluate the health status and welfare of
farm animals. In addition, fecal microbiota transplantation (FMT) as one of the methods can mod-
ulate the recipient individual’s gut microbiota to realize the expected phenotype. Further, (2) we
highlighted the application of FMT on the improvement of the production performance, the reduc-
tion in disease and abnormal behavior, as well as the attenuation of stress in farm animals. It is
concluded that the gut microbiota can be scientifically used to assess and improve the welfare of
farm animals. Moreover, FMT may be a helpful strategy to reduce abnormal behavior and improve
stress adaption, as well as the treatment of disease for farm animals. This review suggests that gut
microbiota is a promising field to evaluate and improve animal welfare.

Keywords: farm animal; fecal microbiota transplantation; gut microbiota; welfare

Animals 2022, 12, 93. https://doi.org/10.3390/ani12010093

www.mdpi.com/journal/animals



Animals 2022, 12, 93

2 of 15

1. Introduction

What is animal welfare? According to Fraser et al. (1997) [1], the understanding of
animal welfare was mainly three types: (1) that animals should lead natural lives through
the development and use of their natural adaptations and capabilities; (2) that animals
should feel well by being free from prolonged and intense fear, pain, and other negative
states, and by experiencing normal pleasures; (3) that animals should function well, in the
sense of satisfactory health, growth, and normal functioning of physiological and behav-
ioral systems. As far as animal welfare is concerned, objectively and scientifically as-
sessing animal welfare has become an essential issue for an animal producer, stock person,
and consumers. Many terminologies and measurements are well established in farm ani-
mal welfare and behavioral science. To date, health conditions, immune response, behav-
ior, and physiological indicators related to stress are readily and widely used in this area
[2-5]. Recently, mathematics, including multi-linear models, regression analysis, polyno-
mial model, and calculus, is considered an ideal tool for precise detection and measure-
ment of an animal’s response to good and bad welfare [6].

In recent years, gut microbiota, having a profound impact on the host’s health, is a
great concern and referred to as a forgotten organ [7]. There is a large number of microor-
ganisms inhabiting the intestinal tract of humans and animals [8], with more than 10 times
the number of human and animal cells and 150 times as many genes as the host genome
[9,10]. The phylogenetic diversity of gut microbiota is harbored in production animals,
such as the estimation of 375 phylotypes (a phylogeny having taxa or strains annotated
with extrinsic traits) in pigs [11], the range from 300 to 1000 bacterial species in the cow
rumen [12], approximately 915 operational taxonomic units (the assigned 97% sequence
similarity by 16S rDNA bioinformatic analysis) in chickens [13,14], and the range from
2000 to 3000 operational taxonomic units in sheep [15]. The gut microbiota is distinct in
different intestinal tracts, such as in jejunum, ileum, and cecum, regions (the mucosal mi-
crobiota to luminal microbiota), and growing periods (from early life to adult) in density
and diversity [16]. A vast and diverse microbial ecosystem is essential for the health of
humans [17], dairy [18], and chickens [19]. The gut microbiota is affected by many factors,
including age [20], diet [21], rearing system [22], and so on. Further, the role of gut micro-
biota is being studied in neuroscience and a concept of the microbiota-gut-brain axis has
emerged and is being explored [23]. The microbiota-gut-brain axis, namely a bidirectional
communication among neural, hormonal, and immunological routes [23], is linked to gut
inflammation [24] and alternations of stress and behavioral responses [25,26]. This bidi-
rectional communication, to some extent, could address the activities of brain function (a
stress-related hormone) with the immune response through the activities of gut microbi-
ota and, consequently, behavioral response.

A recent study has reviewed the gut microbiota and its impact on brain development
and behaviors in laboratory and human studies, which provides a better understanding
and functional implications of this relevance on farm animals [27]. In this review, we will
provide direct evidence of interactions of gut microbiotas as a welfare indicator and the
application of fecal microbiota transplantation (FMT) on farm animals. Particularly, (1)
we reviewed recent studies showing that gut microbiota influenced health, immune re-
sponse, behavior, and stress in farm animals, which would provide a novel approach to
measure the welfare of farm animals in terms of the gut microbiota (diversity, composi-
tion, and functions). Further, (2) we highlighted the application of FMT on the decrease in
disease and abnormal behavior and the attenuation of stress in farm animals. In particular,
we would provide new insight into the microbiota-gut-brain axis (Figure 1 referred to
[23]) to systemically evaluate animal welfare.
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Poor animal welfare

Abnormal behavior, personality
Negative immune response
Unhealthy gut structure and function

Good animal welfare

Normal behavior, personality
Positive immune response
Healthy gut structure and function

Normal CNS function CNS function Unnormal CNS function
Good ability to answer stress HPA axis Poor ability to answer stress
Excellent health status Immunity Awful health status
Advantage performance Neural pathway Disadvantage performance
Balance gut microbiota Endocrine Imbalance gut microbiota

Gl i

Figure 1. Animal welfare in the implication and perspective of the gut microbiome.

2. Gut Microbiota and Health of the Hosts

Previous studies have demonstrated that the gut microbiota plays a crucial role in
the absorption and metabolism of feed [28,29], regulating gut motility and intestinal bar-
rier homeostasis [30-32]. To elicit a well-functioning and healthy gut, the dynamic balance
of the gut ecosystem is of importance.

A balance between beneficial and harmful bacteria in the gut (at least 85% of total
bacteria should be beneficial bacteria, which is highly specific for health and production
performance) is vital for the host [33]. The commensal bacteria contribute to the health of
chickens [34], pigs [35], cows [18], sheep [36], horses [37], quails [38], and so on. This is
because of the role of the bacterial metabolic end-products of short-chain fatty acids from
the fermentation of dietary fiber, resistant starch, principally acetate, propionate, and bu-
tyrate [39]. These end-products play an indispensable role in regulating energy homeo-
stasis and other physiological purposes [40] and influence the activity of digestive en-
zymes. Moreover, microbial metabolites can communicate with the gastrointestinal mu-
cus system to influence intestinal homeostasis and neurological disorders [41]. On the
contrary, diseases are usually accompanied by an imbalance of gut microbiota composi-
tion.

Gut microbiota is closely associated with host health. For example, a study compared
Tibetan chickens, a typical breed habituating in high-altitude regions which are specu-
lated to have a unique gastrointestinal microbiota, with a commercial breed Lohmann
egg-laying hen and a local breed Daheng broiler chicken on their gut microbiome and
diseases [42]. The results indicated Tibetan chickens had a specific abundance of microbes
with less pathogen-related microbes, while layers and broiler chickens indicated higher
mucosal inflammation risks in the intestinal tracts. In our previous study, we reared dual-
purpose chickens for meat and laying with three different diets, namely basal feed, routine
feed with 0.6% partial replacement of soybean with dried mealworms, and basal feed with
partial replacement of dried mealworms and additional fresh grass [43]. Chickens that
had mealworms in their diet showed increased alpha diversity compared with those fed
only routine feed, suggesting a potential healthier status of mealworm-fed chickens. Be-
sides, microbiota composition changes are evident in slow- or fast-growing chickens [44],
which may be related to different biology in chickens. In pigs, gut microbiota acts as a
leading cause in the process of post-weaning diarrhea and associated infections [35] and
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improves health and production [45]. Similarly, the gut microbiota is associated with
weaning in horses [37]. Diarrheic calves are associated with dysbiosis and changes in the
predictive metagenomic function of the bacterial communities [46]. Besides, gut microbi-
ota accounts for the emotional reactivity in the Japanese quails [38]. Even though the
mechanism and interaction between physiological characteristics and gut microbiota of
the host are not yet known, the gut microbiota, to some extent, serves as an indicator of
animal health, which is deemed to be linked with productivity [27]. In addition, as
Kraimi’s review indicates, gut microbiota is a key factor for evaluating welfare, including:
in the relationships with anxiety-like behavior in humans, rodents, turkeys, quails, and
horses; on memory capacities in humans, rodents, quails, and pigs; on social behavior in
humans, rodents, chickens, turkeys, and quails; on feeding behavior in rodents, goats,
cows, chickens, and turkeys [27].

Thus, this insight has the potential to contribute much to our understanding and as-
sessment of the gut microbiota, health, and different welfare states in farm animals. Even
farm animals such as chickens, whose gut microbiota breed-specific variations, in terms
of operational taxonomic units and composition, suggest scope for quantitative genetic
analysis and the potential for selective breeding in chickens for defined gut microbiota
[47].

3. Gut Microbiota and Immune Indicator of Hosts

The gut immune system, containing 70-80% of the whole body’s immune cells [48],
plays a profound impact on the development of hosts, including the development of in-
nate and adaptive immune responses [49,50]. Accumulating data proved that gut micro-
biota regulated and fine-tuned the immune system throughout life [51,52]. Multiple innate
immune cell subsets have been identified in both murine and human intestinal lamina
propria. The authors demonstrated that commensal bacteria are capable of directly affect-
ing innate and adaptive immune systems. Importantly, the resident microbiota is recog-
nized to suppress unnecessary inflammatory responses, thereby helping to maintain im-
mune homeostasis [53].

As known, germ-free (GF) mice have been widely used to study the gut microbiota
and immune system [54]. In farm animals, the gut microbiota also plays a critical role in
the development of the intestinal immune system, while, in turn, the immune system
shapes the gut microbiota in chickens [51-55]. Early studies with GF chickens have
demonstrated that gut microbiota is essential for the immune system, even though the
weights of immune organs (bursa, thymus, or spleen) showed no consistent differences
between GF birds and conventional birds [56]. Similarly, a study compared GF chickens,
Ross 308 broilers, with conventional birds and revealed that the absence of gut microbiota
affected neutral and acidic goblet cell number and density, sialylated and sulfated acidic
mucin staining, and MUC2 expression at 7 d of age, indicating a less developed intestinal
mucosa in GF birds [57]. A previous study indicates that feeding prebiotic galacto-oligo-
saccharides can increase cytokine immune effectors interleukin-17A (IL-17A) gene expres-
sion counterposed to a decrease in IL-10 concerning the innate immune responses in broil-
ers [58]. Moreover, compared to strict hygienic conditions, chicks exposed to maternal
feces after hatching can increase the levels of IgA and IgY to influence the immune re-
sponses in chickens [59]. In pigs, the administration of Lactobacillus rhamnosus GG in pig-
lets can promote the early B lineage development, influence the Ig CDR3 repertoires com-
position of B cells, and promote the IgA production in the gut lamina propria [60]. Besides,
the antibody response is delayed in GF piglets due to immature immune structures [61].
The strain of commensal Escherichia coli had a significant effect on the immune structure
and resulted in the extensive recruitment of T cells to epithelium and lamina propria,
compared with GF piglets [62]. Most notably, GF animals are widely used to study phe-
notype modifications, but it is not easy to demonstrate that phenotype changes are at-
tributed to the absence of gut microbiota rather than physiological alterations. Besides, a
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study revealed that different feed consumptions change calf bacterial diversity and ex-
pression of genes encoding host mucosal immune responses in dairy calves during wean-
ing transition [63]. Furthermore, gut immune maturation relies on a coevolved host-spe-
cific microbiota in GF mice [64].

4. Gut Microbiota and Behavior of Hosts

There is a communication between the gut microbiota and the central nervous sys-
tem, although the mechanisms of gut microbiota mediating the microbiota-gut-brain axis
to influence behavior are not fully understood [23,65]. Despite bodies of studies on the
understanding of factors affecting gut microbiota, large gaps remain in the contribution
of microbial ecology to animal behavior. Gut microbiota, serving as a critical role in mod-
ulating social and affective behaviors, including aggression, investigation, and depres-
sive- and anxiety-like behaviors, is mainly conducted on laboratory animals and non-hu-
man primate animals [66-68].

Given rare studies of farm animals on this relevance, we first summarized work done
in social animals, including non-human primate animals, vertebrates, and birds, which
generated an implication on farm animals. A critical view has been emerging that micro-
biota shapes the host phenotype. Bacteria are common infectious agents, and most bacte-
ria are transmitted through close contacts or by intermediates like foods, water, air, and
objects in the environment between individuals, especially in mammals [69,70]. In Japa-
nese quails, the absence of gut microbiota reduces emotional reactivity relating to fear and
social perturbation [38]. The social organization and behavioral patterns were also known
to transmit bacterial communities [69,71]. Besides, social relationships could shape bacte-
rial transmission in vertebrates and birds. For instance, in four-toed salamanders, eggs in
communal nests were more likely to have beneficial, antifungal bacteria than those in sol-
itary nests, which, in turn, contributed to higher embryonic survival and lower cata-
strophic nest failure [72]. In bluebirds, plumage bacteria intensity in nesting pairs was
significantly positively correlated, suggesting that birds sharing the same nest transmit
bacteria to each other [73], and birds infected with Salmonella lead to less active feeding
and drinking activities [74]. Again, social contact among social animals is likely to influ-
ence the microbiota of the host, which, in turn, affects host phenotypes. More recently, GF
quails showed reduced fearfulness to those colonized with gut microbiota [38]. In chick-
ens, high and low levels of feather pecking in laying hens were associated with intestinal
microbial metabolites [75] and the gut microbial community. That is, high levels of feather
pecking birds were characterized by a higher diversity and evenness of microbiota, as well
as a relative abundance of genera of Clostridiales (belonging to the order of Clostridia), but
a lower relative abundance of Staphylococcus spp. and Lactobacillus spp. compared to low
levels feather pecking birds. However, further investigations are needed to discover the
causality and mechanism of the relationship of feather pecking with gut microbiota
[76,77]. Furthermore, we compared free-range and cage-reared hens, of which those free-
ranged hens were living with roosters with social contact with other mates, while those
caged hens were reared in a single cage with limited contact with the other hens. We found
that the hens living with roosters showed an upregulated gonadotropin-releasing hor-
mone pathway in the gut microbiome as compared with the control subjects, which may
implicate that social contact is associated with the gut microbial functions [22]. Besides,
feather bacterial load in pigeons had been proved to adjust preening [78]. In pigs, gut
microbiota has a profound effect on the porcine appetite and feeding behavior [79]. A
maternal western diet during gestation and lactation, even in the absence of obesity, has
significant consequences for piglets’ blood lipid levels, microbiota activity, microbiota—
gut-brain axis, and neurocognitive abilities after weaning [80,81]. Moreover, in beef cattle,
the maternal grooming behavior reduces the bacteria in calf coats [82]. Thus, it is reason-
able that free-range chickens showed more similarities of beta-diversity of gut microbiota
within individuals than those reared under the cage [22,43].
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According to the above literature, social contacts of social animals contribute to the
alternation of gut microbiota; nevertheless, the underpinned mechanism needs to be ex-
plored. Moreover, it appears there is a mix between gut microbiota influences on behavior
and the influences of behavior on gut microbiota. Accumulating experimental approaches
evaluate the behavior as a consequence of manipulating the microbiome through direct
(e.g., vagus nerve) and indirect (e.g., hormones, cytokines, and fatty acids) mechanisms.
The field of microbiology expands our understanding of the interface of complex gut mi-
crobiota and animal behavior. However, to what extent, and how, is animal behavior
driven by the microbiome (the genes, genomes, and products of the microbiota, as well as
the host environment [83])? The question is needing more study to answer.

5. Gut Microbiota and Stress of Hosts

Gut microbiota plays a vital role in the process of stress response [84]. Nurturing an
optimal gut microbiome may indicate positive and beneficial effects in animal science as
a means to manage stressful situations and to increase the productivity of farm animals
[85]. It has long been known that stress and the associated activity of the hypothalamus-
pituitary-adrenal (HPA) axis can influence the gut microbial composition [86,87]. The
HPA axis modulates cortisol and corticosterone secretion, while cortisol or corticosterone
systemically regulate the immune circulating cytokine secretion in the gut, which can fur-
ther influence intestinal barrier function and alter gut microbiota composition through the
microbiota—gut-brain axis [23,65].

Advances in the understanding of gut microbiota and the HPA axis are mainly con-
ducted on laboratory animals [88,89]. A landmark research conducted in mice suggested
that gut microbiota has altered the HPA axis function under stress, accompanied by in-
creased plasma adrenocorticotropic hormone and corticosterone levels, which was re-
versed by reconstitution with Bifidobacterium infantis [87]. Maternal separation, as an early
life stressor, was demonstrated to involve HPA axis activity in many species [90-92] and
was further known to result in a substantial decrease in fecal Lactobacilli 3 d after the ini-
tiation of the separation procedure in rhesus monkeys [92]. Altered fecal microbiota com-
position was found in adult rats that had undergone maternal separation for 3 h per day
from postnatal days when compared with the non-separated individuals [52]. A study
using deep-sequencing methods demonstrated that the composition of microbiota from
mice exposed to chronic restraint stress (a physical stressor) differed from that in non-
stressed control mice [24]. Specifically, exposure to chronic psychosocial stress decreased
and increased the relative abundance of Bacteroides spp. and Clostridium spp., respectively,
in the rat caecum [24]. Similarly, exposure to physiological stress is seen to change the
abundance of family Anaerolineaceae, genus Clostridium, and genus Oscillibacter of gut mi-
crobiota in western lowland gorillas [93]. The gut microbiota is also related to the brain
plasticity of the host in response to the stress in mice [25,87]. In the dairy cow, exposure
to heat stress influenced the HPA activity, which is associated with the changes of plasma
cortisol, oxytocin concentration, and circulation of cytokines, as well as decreased alpha
diversity in gut microbiota [18]. Similarly, in chickens, heat stress led to the alternation of
gut microbiota composition and alpha diversity [94]. Our previous study suggested that
the stress-inducing cage rearing has decreased the alpha diversity in gut microbiota and
downregulated immune-related pathways while upregulating pathogen-related path-
ways [22]. Particularly, our previous study indicates that perches and litter materials en-
riched environments, improving gut microbial functions possibility through the HPA axis
[95]. Besides, gut microbiota mediated by antibiotics or prebiotics is controlling stress-
induced hypertension through modifying the HPA axis in the rats [96]. In addition, stress
also can lead to a change in gut homeostasis and a weakened immune system, which in-
creases the risk for colonization by pathogenic bacteria in broiler production [97].
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Accumulating evidence indicates that gut microbiota is a cross-talk with the brain
through the neural, immune, and endocrine to regulate brain function and behavior. Ac-
cordingly, despite the evidence being rare, especially for farm animals, gut microbiota is
also a cross-talk connecting the HPA (stress), immune response, and behaviors.

6. Application of FMT

FMT, also called stool/fecal transplantation or fecal bacteriotherapy, transplants the
fecal material from one individual to another for a desired physiologic effect to manage
the reconstruction of gut microbial composition and function in human and non-human
beings. Feces also harbors additional substances (proteins, bile acids, and vitamins) which
might contribute to the recovery of gut function. Indeed, FMT suggests that feces contain
a superior combination of intestinal bacterial strains and are more favorable for the man-
agement of reconstruction of gut microbiota by introducing a complete, stable community
of intestinal microorganisms. The microbial function is to protect the intestinal tract by
directly competing with the host for limited nutrients, regulating host immune response,
increasing the resistance to pathogens and potentially harmful bacteria colonization in the
intestine, and reconstructing the homeostasis of the intestine [98,99]. The FMT normalizes
the composition and functionality of gut microbiota [100-102] and has now become
widely adopted into clinical treatments for diseases. However, the underpinned mecha-
nism of the FMT on the disease treatment is not yet clear. The potential of the FMT mech-
anism might be the repair, replacement, and reconstruction of the primary microbiota of
hosts by the healthy fecal microbiota [103].

FMT is not a state-of-the-art method. A similar procedure was first applied approxi-
mately 1,700 years ago by a Chinese medical scientist named Ge Hong, recorded in an
ancient book, Ben Cao Gang Mu, describing Chinese medicine [104]. At that time, patients
who had food poisoning or severe diarrhea were treated in terms of oral administration
of human fecal suspension. Other important events using FMT in history are well de-
scribed in a previous review [105]. The FMT was listed as clinical guidelines and has been
recommended for the treatment of recurrent Clostridium difficile (Clostridioides difficile) in-
fection in the US since 2013 [106], indicating landmark progress of the method in the med-
ical field. FMT was also applied on multiple organ dysfunction syndromes, a disease tar-
geting the organ of the gut. As compared with healthy people, the relative abundance of
Firmicute and Bacteroides greatly decreased in patients, while that of conditionally patho-
genic bacteria, Proteobacteria, increased. The change of microbial composition is not
clearly responsible for the mediator or marker of this disease, which did provide a new
strategy for the treatment of patients with gut disease by changing the flora ecology and
diversity [107]. However, the application of FMT in the treatment of ulcerative colitis is
not consistent, which is probably due to the different methods between oral administra-
tion and nostril tube treatment [108,109]. Increasing evidence has suggested that the dys-
function of gut microbiota is associated with autism [110,111]. The clinical application of
FMT was further used on more human diseases, including HIV therapy and psychologi-
cal-related diseases [112,113].

Application on Behaviors of Laboratory Animals

The FMT normalizes the composition and functionality of gut microbiota [100-102]
and has now become widely adopted into clinical treatments for diseases. For instance,
GF mice displayed more depression-like behaviors after FMT with ‘depression microbi-
ota’ derived from major depressive disorder patients compared with those transplanted
with ‘healthy microbiota’ derived from healthy control individuals [114]. Similarly, pieces
of evidence showed that the transfer of lean mice feces to obese mice altered obese mice
bacteria species diversity and richness [115]. GF mice implanted with the fecal microbiota
from irritable bowel syndrome with diarrhea showed faster gastrointestinal transit, intes-
tinal barrier dysfunction, innate immune activation, and anxiety-like behavior compared
with those transplanting feces from healthy individuals [116]. A GF pig is an ideal model
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for human disease due to the low reliability of disease using the mice model and the eth-
ical concerns of the non-human primates. Besides, the FMT of GF pigs was widely used
in gastrointestinal pathology and neurology fields [117,118].

Recently, FMT has been applied to farm animals. The FMT could change recipients’
fermentation parameters and bacterial profiles [119] and withdraw the antibiotic-dis-
turbed gastrointestinal microbiota of cattle [120]. Besides, bovine mastitis with dysbiosisof
intestinal microbiota was transplanted with fecal microbiota into GF mice inducing the
corresponding phenotype. The results showed that mastitis symptoms in the mammary
gland, as well as inflammations in a wide range of tissues, including serum, spleen, and
colon, were found in the mice [121]. This study provides novel insights into the disease-
health—production application. That is, using the fecal microbiota of healthy individuals
in those “unhealthy” individuals is considered a perceptive treatment in farm animals.
For example, FMT from healthy Congjiang miniature piglets (a Chinese native pig breed
known to have a stronger resistance to early weaning, stress-induced diarrhea ability) to
the recipients, a commercial breed, significantly prevented early weaning stress-induced
diarrhea regardless of the dose [122]. In pigs, FMT plays a critical role in enhancing me-
tabolism [123,124], regulating intestinal mucosal function and alleviating barrier injury
[125], and influencing growth performance [126]. Similarly, the administration of the fecal
microbiota from healthy chickens has been used to transfer colonization resistance against
Salmonella to newly hatched chickens [127]. Inoculating the surfaces of incubating eggs
with cecal contents from highly or poorly feed-efficient donor chickens has been shown
to reduce bird-to-bird variation in microbiota composition [128]. Furthermore, the admin-
istration of the FMT from highly feed-efficient donors during the early stages of life could
improve feed efficiency [129]. In our recent study, transferring fecal microbiota from broil-
ers with positive physiological functions and behaviors to chicks can improve fearfulness,
intestinal morphology, and microbial composition [130]. Moreover, transferring gut mi-
crobiota can influence emotional reactivity in Japanese quails [131]. The FMT has been
made in the amplification effect of farm animals, and this has had and continues to have
an immense impact on our understanding of host-microorganism interactions (summa-
rized as Table 1). More importantly, the FMT is considered to reduce disease, abnormal
behaviors, and stress, such as mastitis, feather pecking, wean stress, etc.

The donor of fecal microbiota for the treatment of human disease is extremely strict,
considering kinship of donor and received individuals, the drug and disease history, and
infectious pathogen examination of the donor [132]. This contributes to the high cost of
FMT treatments, which is also one of the limiting factors on the application of farm ani-
mals. Besides, as mentioned above, the different administration of fecal microbiota results
in different therapy of ulcerative colitis. Up to date, there is no generally accepted best
method for transplantation approaches. For the treatment of humans, gastrointestinal
routes, including endoscopy, nasogastric tube/nasointestinal tube, and oral pill, or a com-
bination of the above, are mainly used [133-135]. For farm animals, the administration of
FMT is through oral delivery, feeding, drinking, or stomach tubes. The measurements of
FMT in farm animals are rough compared to humans, but it is a promising method to
improve gut microbiota in farm animals.



Animals 2022, 12, 93 9 of 15

Table 1. Fecal microbiota transplanting applied in farm animals.

Species Context of Study Delivery Ways References

Convey gut characteristics (microbiota composition, .
Intragastric ga-

intestinal morphology, and physical index) from pigs vage

to mice.

[136]

Transfer obese pig fecal microbiota to GF mice induces
similar characteristics on skeletal muscle development Nasogastric tube [124]
and lipid metabolic profiles.
Transfer adult pigs’ fecal microbiota to crossbred new-
born piglets to influence piglets” growth performance, Oral inoculation [126]
Pig intestinal barrier function, and immune system.
Transfer healthy pig .fecal micro.biota to pi.glets to pre- Oral gavage [122]
vent early weaning, stress-induced diarrhea.
Transfer different breed healthy piglets’ fecal microbi-
ota to newborn piglets to enhance tryptophan metabo- Oral inoculation [123]
lism and reduce epithelial injury susceptibility.
Transfer fecal microbiota of healthy adult pigs to new-
born piglets to regulate intestinal mucosal function  Oral inoculation [125]
and alleviate barrier injury.

Transfer fecal microbiota of normal adult cocks to
newly-hatched chicks to administrate colonization re- Ingesta [127]
sistance against Salmonella.
Transfer highly or poorly feed-efficient chicken fecal
Chicken microbiota to baby chicks to explore the feed efficiency Drinking [129]
of chicks.

Transfer fecal microbiota from with positive physio-

logical functions and behaviors of broilers to improve Oral inoculation [130]
behavior, intestinal morphology, and gut microbiota.
Transfer rumen content to recipient cow to explore re-
cipients’ fermentation parameters and bacterial pro- Feeding [119]
files.
Cow  Cow to mouse fecal transplantation suggested intesti- Oral administra- [121]
nal microbiome as one cause of mastitis. tion
Transfer cow fecal microbiota to withdrawal antibiotic- .
. . . . . Rumen fistula [120]
disturbed gastrointestinal microbiota.
Steer Transfer highest or lowest residual feed intake rumen Rumen cannula- [137]
digesta exchange to steer to improve feed efficiency. tion
Ruminants Rumen transfiguration to treat indigestion Stomach tube [138]

7. Conclusions and Perspectives

Gut microbiota (higher alpha diversity, beneficial composition, and positive func-
tions) are used to assess the health and welfare of farm animals. Furthermore, we pro-
vided an implication of the FMT to improve productivity, health, and welfare of animals.
Most importantly, there exist new insights into the microbiota-gut-brain path in order to
systemically evaluate and improve animal welfare.
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