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Equine digestive tract
Horses are unique as they use the digestive strategy 
of hindgut fermentation. Ingested forage is rapidly 
passed from the stomach along the small intestine, 
which is over 20m long in the average 500kg adult 
horse. The transit time is approximately 120–
180 min, before passing into the cecum and large 
colon (1). This may be less efficient than the digestive 
strategy of foregut fermentation, seen in ruminants. 
Forage that has been partially digested in the fore 
stomachs, including the rumen, enters the small intestine for efficient absorption of nutrients. However, 
selection pressure for horses to run from predators, with a top speed of approximately 70 km/h, likely 
resulted in the development of a hindgut where a large gut chamber would not impede running. 

Equine gut microbiota
Horses are herbivores and have developed an extensive hindgut for the purposes of fiber digestion. 
There has been recent interest in the gut microbiota and how it might be changed under different 
management conditions. Recent evidence supports the direct and indirect roles of the gut microbiota 
in the host’s physiology, including improved metabolic health and athletic performance (2-4).
The equine microbiota reaches a concentration of approximately 109 microorganisms per gram of 
ingesta in the cecum (5) with at least 108 bacterial genera (6-8), seven phyla (8-13), and a myriad of protozoa, 
archaea and anaerobic fungi (14-16). 
These microorganisms promote digestion and nutrient absorption for energy production through 
the fermentation of plant material and short-chain fatty acids (SCFAs) such as acetate, propionate, 
and butyrate. Microorganisms also support the immune system, protecting against pathogens and 
disease (16-18). Consequently, any disruption that leads to an imbalance and reduction in microbiota 
density is most likely associated with reduced colonisation resistance, alteration of fermentation 
patterns, metabolic disorders, acidosis, diarrhoea, colitis (9), colic (12), laminitis (19), equine metabolic 
syndrome (20) and equine grass sickness (21).
The abundance of different species has been reported to vary dramatically based on host-specific 
factors such as co-colonisation with enteric parasites (16,22), pathobionts (11,23,24) and host genetics (25). 
Moreover, diet dramatically modulates gut microbiota composition and metabolism in horses (7,10,26-32).  
Endurance horses often consume diets high in fermentable carbohydrates that provide a continuous 
source of energy during sustained physical exercise (31,33). However, the overconsumption of readily 
fermentable carbohydrates can reduce microbiota diversity and function. For example, a reduction in 
the synthesis of byproducts such as short-chain fatty acids and secondary bile acids may contribute 
to a pro-inflammatory host immune response and play a role in the development of common equine 
intestinal diseases (31,33,34).
Horses have a sensitive intestinal tract where stress (15) and endurance exercise have been shown to 
affect the blood metabolome (35), suggesting that the type and intensity of physical training may also 
affect gut microbiota composition, having an enormous impact on the health and performance of 
horses (Figure 1).
Colic is the most common reason for emergency veterinary treatment where only 63% survive, 
representing a major reason for death or euthanasia in horses (36). Besides sand ingestion and colon 
displacement, additional factors can induce rapid shifts in microbiome composition and increased 
risk for colic. These factors include abrupt changes in the quantity or type of their diet, changes in 
their stable routine, groom, owner, trainer or medications, and horses under stress conditions such 
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as transportation (30,37,38). Recent data show that horses presenting with colic have reduced microbial 
diversity and richness compared with horses presenting for elective procedures (39).

Probiotics use in horses
Digestive supplements, such as prebiotics and probiotics, have been shown to affect digestibility in 
vivo and in vitro and have been used to stabilise the microbiome in the horse’s large intestine. Evidence 
shows that probiotics are a way of modifying the microbiota, and there is increasing interest to better 
understand the metabolic pathways that attenuate exercise-induced inflammation, oxidative stress, 
intestinal permeability and energy homeostasis in horses. 
The administration of probiotics has demonstrated a modification in gut fermentation and the proportion 
of SCFAs in the large intestine. The increase of circulating SCFAs is an efficient energy source in 
exercise (40,41), allowing horses to use a lower amount of carbohydrates, which account for the lower 
production of muscular lactic acid observed by Laghi and colleagues (42). 
Laghi showed that the multistrain probiotic SLAB51, a proprietary blend of Streptococcus thermophilus 
DSM 32245/CNCM I-5570, Lactobacillus acidophilus DSM 32241/CNCM I-5567, Lactobacillus 
helveticus DSM 32242/CNCM I-5573, Lactobacillus paracasei DSM 32243/CNCM I-5568, Lactobacillus 
plantarum DSM 32244/CNCM I-5569, Lactobacillus brevis DSM 27961/CNCM I-5566, Bifidobacterium 
lactis DSM 32246/CNCM I-5571, Bifidobacterium lactis DSM 32247/CNCM I-5572 (35g daily for 3 
weeks) significantly reduced postexercise blood lactate concentration in standardbred horses following 
athletic activity (42) (Figure 2). A typical consequence of exercise in horses is the accumulation of lactate 
in muscle cells and blood. The blood lactate response to exercise can indicate anaerobic metabolism 
and is used to assess performance and fitness. The blood lactate response reflects the reduction of 
lactic acid production and its accumulation in muscular cells with direct consequences on the onset 
of fatigue in athletic horses (43-45). Specifically, at low exercise intensity, energy in the form of adenosine 
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Figure 1. Horses have a very sensitive intestinal tract, and several factors can influence the balance of beneficial and 
pathogenic bacteria leading to a condition known as “dysbiosis”. Dysbiosis refers to an imbalance or maladaptation 
of the hindgut microbial population, which changes the normal health and function of the digestive tract, resulting in 
clinical problems such as diarrhoea, colonic ulceration, poor body condition and performance, low grade colic and 
behavioural changes.
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triphosphate (ATP) fuels muscle activity 
through the aerobic metabolism of glycogen, 
glucose and fat. As exercise intensity 
increases, oxygen levels will no longer be 
able to meet the ATP requirement. Lactate 
accumulation in muscles can lead to the 
impairment of glycolysis and the respiratory 
capacity of mitochondria, which decreases 
the concentration and availability of ATP and 
leads to sarcoplasmic reticulum swelling (46-48). 
These mechanisms are the basis of the onset 
of fatigue in athletic horses (49).
These data were confirmed by Rossi and 
colleagues, who also reported the role of 
SLAB51 (35g daily for 3 weeks) in reducing 
post-exercise blood lactate concentration. 
They evaluated the risk of gastrointestinal 
disorders in Arabian horses during intensive 
training (50). Research in horses and humans 
show how dietary intervention, with the 
regular use of probiotics, can help tackle 
muscle acidosis, a key element in the process 

of muscle fatigue. The data also provide useful diagnostic, prognostic and monitoring information 
about gastrointestinal disorders and colic, which often occurs during intensive exercise in horses. 
Results indicate that SLAB51 can reduce post-exercise blood lactate concentration and prevent colic 
onset in trotter horses, which could, in turn, be correlated with better performance (51).
These findings are in accordance with data obtained from additional trials in athletic horses where 
SLAB51 administration supported the performance of showjumping horses during competition 
(unpublished data). The haematological and biochemical parameters analysed showed a significant 
increase in red blood cells and haemoglobin concentration, with decreased lactacidemia levels, and 
significantly improved recovery times, where the heart rate and respiratory rate improved by 15% in 
10 minutes. 
In this context, a recent study in humans demonstrated the unique properties of the SLAB51 probiotic 
formula in inducing an “oxygen-sparing effect” by modulating the consumption of oxygen in the gut (52). 
SLAB51 contains bacteria with arginine deiminase activity (ADI), which catalyses L-arginine to citrulline 
and ammonia. ADI inhibits the arginine-
dependent synthesis of nitric oxide (NO). 
Nitric oxide is a signalling molecule for the 
innate inflammatory immune response and 
one of the primary regulators of gut mucosal 
vasodilation. By limiting the blood flow and 
oxygen (O2) usage in the gut, SLAB51 may 
increase the amount of O2 available in the 
arterial blood for use in other organs. Although 
additional studies are needed to confirm these 
mechanisms in horses, the SLAB51 probiotic 
formula opens a new promising scenario for 
numerous conditions.
Gastrointestinal health is crucially important 
for equine athletes in training and competition, 
and science now points to probiotics as helpful in maximising the effect of nutritional programs. There 
are many important factors for choosing a microorganism for the development of probiotics. SLAB51 
has been the subject of many clinical trials published in peer-reviewed journals and presented in major 
scientific and veterinary events. The scientific fundamentals on the safety and efficacy of SLAB51 are 
based on robust data on companion and farm animals, and some wild species, developed in over a 
decade of close collaboration with veterinarians globally (53-39). 

Figure 2. Probiotic supplementation could reduce post-
exercise blood lactate concentration in Standardbred horses 
in athletic activity (42).
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Laghi L, Zhu C, Campagna G, Rossi G, Bazzano M, Laus F.
Probiotic supplementation in trained trotter horses: effect on blood
clinical pathology data and urine metabolomic assessed in field. J
Appl Physiol 125: 654–660, 2018. First published April 19, 2018;
doi:10.1152/japplphysiol.01131.2017.—The attention of sports com-
munity toward probiotic supplementation as a way to promote exer-
cise and training performance, together with good health, has in-
creased in recent years. This has applied also to horses, with prom-
ising results. Here, for the first time, we tested a probiotic mix of
several strains of live bacteria typically employed for humans to
improve the training performance of Standardbred horses in athletic
activity. To evaluate its effects on the horse performance, we mea-
sured lactate concentration in blood, a translational outcome largely
employed for the purpose, combined with the study of hematological
and biochemical parameters, together with urine from a metabolomics
perspective. The results showed that the probiotic supplementation
significantly reduced postexercise blood lactate concentration. The
hematological and biochemical parameters, together with urine mo-
lecular profile, suggested that a likely mechanism underlying this
positive effect was connected to a switch of energy source in muscle
from carbohydrates to short-chain fatty acids. Three sulfur-containing
molecules differently concentrated in urines in connection to probi-
otics administration suggested that such switch was linked to sulfur
metabolism.

NEW & NOTEWORTHY Probiotic supplementation could reduce
postexercise blood lactate concentration in Standardbred horses in
athletic activity. Blood parameters, together with urine molecular
profile, suggest the mechanism underlying this positive effect is
connected to a switch of energy source in muscle from carbohydrates
to short-chain fatty acids. Sulfur-containing molecules found in urines
in connection to probiotics administration suggested that such switch
was linked to sulfur metabolism.

exercise; lactate; probiotics; Standardbred horse; urine metabolomics

INTRODUCTION

The attention of sports community toward probiotic supple-
mentation as a way to promote exercise and training perfor-
mance, as well as good health, has increased in recent years
(46, 59). As many as over 700 randomized, controlled, human
studies have been conducted with probiotics already in 2011

(56), mainly focusing on gastrointestinal conditions but also
included allergic, metabolic, inflammatory, and respiratory
conditions. Indeed, in human athletes, probiotic supplementa-
tion was found to reduce gut permeability, decrease incidence
and severity of respiratory diseases, modulate cytokines pro-
duction, and increase plasma antioxidant (25, 33, 34, 40, 58,
59). Unfortunately, these studies have been criticized for sug-
gesting a too ample spectrum of incoherent biomarkers of
immunological, physiological, and health benefits. Moreover,
the studies have been generally found to lack a practical
perspective, consisting of translational outcomes or clinical
benefits that could be applied by athletes and coaches (46).

Research about probiotics as a way to improve health status,
and in turn performance, has focused also on horses, with
promising results (1, 21, 24, 48). Unfortunately, the ambiguity
of the results seems to affect also the choice of the formulations
to be employed in horses, mainly due to the loosely regulated
quality of commercial over-the-counter products, together with
incoherence in the selection of strains and dosages (50). In
addition, many of the formulations increasingly used for horses
have been originally designed for humans. This means that any
evidence obtained on humans may not be straightforwardly
valid for horses. This is specifically true for the genera most
commonly used in human probiotic formulations, namely Lac-
tobacillus, Bifidobacterium, and Enterococci, the presence of
which in the horse microbiota is limited (11, 13, 14, 50).

In this context, additional research about specific probiotics
for use in horses is highly needed for at least three main
reasons. First, the safety and absence of side effects of the
administration to horses of probiotic formulations originally
designed for humans must be assessed. This first safety assess-
ment would allow to by-pass the need for a specific horse
formulation reducing the costs of elaboration. Second, it must
still be proven whether “human” probiotic strains are able to
colonize horses’ intestinal tract. This would confirm the pos-
sibility to utilize bacterial strains selected according to their
probiotic properties and not their origin (49); third, it must be
demonstrated if and to what extent probiotics may influence
horses’ training performance. This information is much more
limited for horses than for humans (50).

In the present work, we investigated the possibility to use a
high concentration multispecies probiotic formulation typically
employed for humans to improve the training performance of
Standardbred horses. For the purpose, we measured lactate
concentration in blood, a translational outcome largely em-
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FOOD SUPPLEMENT

SivoMixx® is available in 6g sticks and in microcapsules. Each sachet of 
SivoMixx® provides a concentration of 800 billion live bacteria.

SivoMixx® contains Slab51®, a specific combination of 8 strains of bacteria: 
Streptococcus thermophilus CNCM I-5570; lactobacilli (L. acidophilus CNCM 
I-5567, L. helveticus CNCM I-5573, L. paracasei CNCM I-5568, L. plantarum 
CNCM I-5569, L. brevis CNCM I-5566); bifidobacteria (B. lactis CNCM I-5571,  
B. lactis CNCM I-5572); maltose.

Instruction
Pour the contents in any cold drink or food and consume immediately. Do 
not take with hot foods or beverages.

SivoMixx® must be kept refrigerated (+2/+8°C) and away from light. The 
product can be stored for one week at room temperature (max + 25°C) 
without affecting its potency.

Food supplements should not be used as a substitute for a varied and 
balanced diet and a healthy life style.
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