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Abstract

Direct-fed microbial (DFM) might provide young calves with healthy supplements to promote gut
microbial diversity and host health if calves are appropriately managed. The possible usefulness of DFM,
however, should not be overstated. The main objective of this review article was to investigate whether
DFM is practically workable in preventing digestive tract disorders, namely diarrhea. Another objective
was to delineate the possible effectiveness of such products in promoting calf health and performance.
Protecting newborn calves against infectious diseases and improving their health and growth in early life
is closely related to herd economics and sustainability. Diarrhea is the most prevalent contagious disease-
causing calf morbidity and mortality worldwide. Supplementing dairy calf diets (milk or starter) with
beneficial microorganisms such as bacteria and yeast has been an attempt to improve the gut microbial
ecosystem and optimize nutrient assimilation. However, infectious diarrhea is still a problem in many
dairy and beef farms. Since diarrhea has a multifactorial nature, it seems that the possible efficacy of DFM
depends on the environmental and management conditions in which the calves are raised. The rearing
system (individual vs. group housing), diet, environmental microbial load, and other management factors
are involved in the incidence of diarrhea. Therefore, probiotic products may interact with such factors,
thus influencing their effectiveness and likely causing inconsistencies concerning probiotics’ usefulness in
commercial dairy farms. Thus, animal responses to dietary DFM supplementation and their usefulness are
practically dependent on management conditions.
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1 INTRODUCTION systems have been developed and recommended to

In modern dairy farming, raising healthy calves with  improve calf health, welfare, and growth in the early stages
optimal growth is crucial to herds’ future reproductive and  of life. For instance, intensive milk feeding systems and
productive performance!”. Different feeding and housing  new housing designs (pair- or group-housing) are being
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developed and refined worldwide'". In addition to these
advancements in management practices, efforts have been
made to modify and optimize the gut microbial ecosystems
in calf diets by supplementing them with commercially
available feed additives like colostrum supplements, plant
secondary metabolites (such as phenolic and essential oils)”,
prebiotics, probiotics, and symbiotics.

Amongst the feed additives mentioned above, probiotics
are well known on many farms. Based on Food and
Agriculture Organization/World Health Organization
definition, probiotics are live microorganisms that, when
administered in adequate amounts, confer a health benefit
on the host". Various beneficial microorganisms, such
as yeast and bacteria, can be classified as probiotics.
Saccharomyces cerevisiae, Lactobacillus spp., Enterococcus
spp., and Bacillus spp. are the most common species in
calf diets (milk and starter feed)". Probiotics are primarily
used in dairy calf diets to prevent diarrhea. In addition,
improved growth performance was claimed when calves
were fed probiotics. However, the literature review shows
an inconsistency regarding the effect of probiotics on calf
growth™. Environmental and management conditions where
experiments are conducted could influence the results.

Altering the intestinal microbiota in favor of beneficial
bacteria, modulation of inflammatory responses, stimulating
immune function, and intestinal barrier improvement seems
to be important mechanisms by which probiotics impact calf
health and possibly growth performance™. The colonization
of the gastrointestinal tract in human and cattle infants is a key
factor affecting their health and subsequent performance™®. It
is noteworthy that establishing a microbial population in the
infants’ intestine is a complex process with many interactions
with environmental factors. Maternal microbiomes, diet type
(colostrum, milk, and solid feed), and antibiotic use might
affect the gut microbial colonization'®. For instance, it has
been demonstrated that Lactobacillus and Bifidobacteria
populations were reduced by delaying colostrum feeding for
about 12h after birth!”. Heavy loads of pathogenic microbes
in the calf environment can influence intestinal colonization
of harmful microorganisms such as Escherichia coli (E. coli)
K99,

Regardless of using a variety of probiotic products avai-
lable commercially, the incidence of diarrhoea is still high
in dairy farms all over the world, indicating that other
factors besides feed additives could highly impact calf
health and performance in early life. A better understanding
of interrelationships between gut microbial colonization,
management factors, and diarrhea may help producers use
probiotics wisely and effectively.

2 PERSPECTIVES ON GUT MICROBIAL COLO-
NIZATION
Immediately after birth, the newborn gastrointestinal
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tract is colonized by a wide range of microorganisms"”.

It has been reported that the host microbiome plays a
substantial role in developing intestinal barrier function
and mucosal immunity'™'”. During the first weeks of
life, the colonizing microbiota suffers from tremendous
evolutionary events, rendering it susceptible to dietary or
environmental changes'®. Since neonatal calves are prone
to enteric diseases in the early stages of life, considering
the small intestine’s microbial population dynamics may
help work against harmful organisms more effectively and
reduce the likelihood of diarrhea incidence!®”.

Post-birth diversity of the microbial population is not
very high but increases rapidly in a few hours. Individual
variations amongst calves are believed to be considerable
during the first days of life, implying the plasticity of
the microbial community in the early stages of life!".
Analyzing the calf meconium, the first excrement material
following colostrum intake, revealed that Citrobacter,
Lactobacillus, Leoconostoc, and Lactococcus are the first
colonizers of the calf gut 6h to 12h after birth"". However,
the abundance of colonizing bacteria can be changed over
time as calves grow. Such revolutionary occurrences include
the decrease in the relative abundance of the Lactobacillus,
Bifidobacterium, and Faecalibacterium species with
calf age''"”. E. coli also present in the calf gut within a
few hours after birth and may become the predominant
bacteria in the normal intestine''”. Differences in feeding
protocols, sampling, and methods used for analyzing
the gut microbiota, the resulting bacterial community
of newborn calves is relatively inconsistent. It has been
reported that Firmicutes and Bacteroidetes genera were the
most prevalent bacteria in pre-weaned calves!”. As noted
earlier, genetics and breed type, age, and diet may affect the
microbial composition of pre-weaned calves. Thus, the calf
gut microbiota can be manipulated by adopting different
management decisions and systems.

The factors affecting the calf gut microbiota estab-
lishment were simply shown in Figure 1''Y. Liquid feed
type (milk replacer, whole milk, and waste milk) and starter
feed intake may influence the gut microbial composition. It
has recently been demonstrated that Lactobacillus genera
abundance was higher in calves fed unpasteurized whole
milk than those fed acidified whole milk"". In addition,
the prevalence of Faecalibacterium spp. in whole milk-fed
calves was associated with a lower incidence of diarrhea
and increased weight gain during the first 4 weeks of life.

Human studies have shown that the oligosaccharides
present in milk may act as a substrate for beneficial
intestinal bacteria such as Lactobacillus"®. Such
mechanisms may improve young calves’ performance
and health because bovine milk is an enriched source
of prebiotic substances for the intestine microflora'"®’.
Comparing the fecal microbiota of calves fed milk replacer
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Figure 1. The factors influencing the establishment of the calf gut microbiota™. Source from: Amin N, Seifert J.
Dynamic progression of the calf’'s microbiome and its influence on host health. Comput Struct Biotechnol J, 2021; 19:

989-1001.

or pasteurized waste milk revealed a higher prevalence of
Clostridial and Bacteroidales in the pasteurized waste milk
fed calves'”. This indicates that the gut microbial ecosystem
may be affected by diet type in early life. In addition to
milk ration, scientific evidence suggested that the provision
of starter diets might influence intestinal barrier function
and immune response by altering the genes involved in
microbial identification and barrier function". Most of the
studies regarding starter intake in young calves have focused
on possible roles in the rumen microbiota diversity and
development, but less is known about the impact of starter
feeds on the microbial establishment of the lower parts of the
digestive tract. More studies are needed to determine starter
feeds’ effects on the intestinal microbiota in detail.

Dairy calf diets may be supplemented with a variety
of antibiotics to prevent enteric and respiratory diseases"".
However, it seems that practical uncertainty exists
amongst producers or farm experts due to the effects of
antibiotics in changing the gut microbial population and
bacterial resistance. In this regard, studies have reported
that administring bacitracin methylene disalicylate can
potentially increase the number of pathogenic E. coli and
shigella while reducing the abundance of the beneficial
bacteria Faecalibacterium in fecal samples of calves'"”.
Such alterations have been observed for other antibiotics,
such as oxytetracycline. A broad-spectrum antibiotic,
oxytetracycline, can significantly decrease the number of
Lactobacillus species™. In contrast, medicated milk replacer
fed calves containing tetracycline, ceftiofur, penicillin, and
streptomycin showed a reduced abundance of E. coli in the
ileum™". However, it has been demonstrated that antibiotic-
resistant bacteria increase in the calf gut with increased

residual antibiotics in whole milk””. Moreover, a higher
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prevalence of antimicrobial-resistant E. coli in the feces was
observed in whole milk-fed calves containing antibiotic
residuals versus milk replacer-fed calves™. Therefore, it can
be concluded that unnecessary use of antibiotics during the
early weeks of life should be avoided.

Probiotics are common feed additives supplemented in
milk or starter feeds to reduce diarrhoea incidence in dairy
calves. Altering the bacterial community of newborn calves
towards beneficial bacteria and avoiding harmful bacteria
attachment to calves’ intestines are the most identified
mechanisms describing the effects of the probiotic. In
this case, decreased E. coli colonization was reported for
probiotic strains fed calves in the pre-weaning period™".
A similar study reported decreased fecal E. coli following
direct-fed microbials (DFM) feeding™”. As a result, because
of the positive effects of probiotics use in controlling
pathogenic E. coli, substituting antibiotics with probiotics
can be a logical practice to reduce antibacterial resistance.
Although positive effects of probiotics in controlling
harmful bacteria populations exist in the literature, it should
be underlined that environmental contaminations, herd-
level sanitary protocols, and biosecurity indices and qualities
have tremendous effects on E. coli and other pathogenic
organisms shedding in practice’™*". Overall, efforts to
optimize management conditions are vitally important when
probiotics are used to control or prevent diarrhea.

3 PROBIOTICS AGAINST DIARRHOEA AND
FOR HOST IMMUNITY AND HEALTH

Infectious diarrhoea is the most known disease of
newborn calves. Despite the many advances in feeding
programs, housing systems, and treatment protocols, the
diarrhoea remains a major problem in dairy and beef herds
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worldwide. In addition to the economic cost of diarrhea
treatment, calf health and performance in early life are
associated with later performance and sustainability of dairy
cattle"). Amongst many organisms (bacteria, viruses, and
protozoa) involved in the diarrhea etiology, pathogenic .
coli 1s the most prevalent bacteria causing severe diarrhea
and likely calf death on most farms. Vaccination of dry cows
against E. coli, feeding antibiotics, and feed supplementation
with probiotics and prebiotics have been conducted for
years to reduce the likelihood of diarrhea occurrence™”.
However, Sadly, most calf mortality still results from
diarrhea, despite the widespread availability of commercial
probiotic supplements and other feed additives"™'. Therefore,
as mentioned above, the establishment of gut microbiota
depends on numerous environmental and management
factors that can interact to determine the gut microbial
community and diversity. It is important to note that the
microbial population of newborns shows more plasticity
to any changes in diet and management factors, making
it feasible to be manipulated in the first weeks of life.
As such, promoting the growth of beneficial bacteria or
preventing colonization of harmful bacteria in the first two
weeks of life should be the main goal of any preventive
programs against £. coli invasion.

It has been reported that the early microbial composition
of calves has a vital role in their susceptibility to diarrhea'"”.
Increased abundance of Bifidobacterium in calves fed
heat-treated colostrum and concurrently decreased E. coli
colonization might be good reasons for lower diarrhea
occurrence in colostrum-fed calves®”. Furthermore,
feeding yeast cultures to pre-weaned calves has reduced
diarrhea incidence and mortality rate within the 70d of
life®. Similarly, supplementing calves with Lactobacillus
and Bifidobacterium in the first 7d of age led to decreased
diarrhea incidence and improved feed conversion ratio™.
The occurrence of diarrhea with pathogenic E. coli seems
to be negatively related to the abundance of Lactobacillus.
In a study conducted to investigate pathogenic E. coli
effects on the intestinal immunity of orally infected dairy
calves, the higher E. coli abundance was related to a
lower abundance of Lactobacillus™. On the other hand,
reduced microbial diversity has been observed in calves
with watery feces (diarrhea) vs. normal feces in healthy
calves”'. As such, isolated Lactobacillus strains inhibited
the growth of pathogenic strains such as E. coli. The authors
concluded that providing multiple potential probiotics can
restrict E. coli colonization and prevent calf diarrhoea. A
healthy gut with suitable microbial diversity is believed to
prevent pathogenic bacterial colonization. Thus, enhanced
microbial and intestinal integrity and mucosal immunity are
essential for controlling pathogens invasion and diarrhea

OCCLII‘I'@HCG[3 1].

In addition to bacterial probiotics, live yeast and
yeast culture are frequently used in calf diets. Beneficial

@* Innovation Forever Publishing Group 4/6

https://doi.org/10.53964/jmab.2022018

effects were also observed for calves on yeast products'®.

Preventing pathogenic agents’ attachment to the epithelium
of the intestine and enhancing mucosal immunity are the
most common mechanisms described for yeast products”™”.
Improved intestinal barrier function could also result
from supplementing calf diets with yeast culture™. More
recently, enhancement in the release of secretory IgA in the
ileum and colon of calves supplemented by Saccharomyces
cerevisiae boulardii was reported”™. Although most studies
show positive effects of probiotics on improving gut
health and reducing diarrhea, it is important to remember
that diarrhea is a multifactorial disease, and numerous
environmental and management factors are involved in
its incidence. As a result, modifying the gut microbial
ecosystem 1is just a single part of the diarrhea prevention
equation. Thus, probiotics may be efficiently used if the
other determining management factors are carefully and
successfully controlled. For example, feeding adequate and
timely colostrum, clean ambiance, optimal nutrition, and
proper housing are necessary factors for any calf rearing
program to make the best use of probiotics regarding
modifying and optimizing the gut microbial diversity to
prevent diarrhea.

A recent literature review regarding the effects of
probiotics on calf growth showed no significant differences
between treated and untreated calves'. Indeed, in normal
rearing conditions, using probiotics may have no or little
effects on calf growth. However, probiotics may show more
usefulness under highly stressed conditions (e.g., thermal,
transport, and nutritional transition stresses). Therefore,
other principle management conditions (e.g., nutrition,
behavior, health, comfort, environmental sanitation, etc.)
should be kept normal or nearly optimized in any practical
scenario”>™*., This implies that the possible use of DFM
should not be overstated.

4 CONCLUSION

Preventing diarrhoea is an important management
practice affecting ruminant herd productivity, health, and
economics. The optimal establishment of the gut microbial
ecosystem is essential for the optimal functioning of the
intestinal immune system. It seems that probiotics should
be administered rather in the early weeks of life to catch
better outcomes. Probiotics may reduce diarrhea incidence;
however, basic management practices, including colostrum
feeding, milk feeding, housing system, sanitation protocols,
and biosecurity, must not be disregarded. Under stressful
conditions, probiotics may be more efficient, especially
concerning calf growth.
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